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ANNOTATION

CROITOR Roman "Deer from Late Miocene to Pleistocene of the Western
Palearctic: systematics, phylogeny and evolution'. Thesis of doctor habilitate in biological
sciences, Chisinau, 2023.

Thesis structure: introduction, six chapters, general conclusions and recommendations,.
The main text spans 210 pages and is supported by 458 bibliographic sources, 2 annexes, 45
figures, 7 tables. The obtained results have been published in 70 scientific works.

Keywords: mammals, deer, Late Miocene, Pliocene, Pleistocene, taxonomy, systematics,
evolution, phylogeny, paleobiogeography.

Aim: Revise the taxonomy of fossil deer from the Late Miocene to the Late Pleistocene in
the Western Palearctic to uncover phylogenetic relationships between fossil and modern cervids,
explore their evolutionary and ecological diversification.

Research target interests: revision of taxonomy, systematics, phylogeny and evolution of
fossil deer during the geological epoch from the Late Miocene to the end of the Pleistocene in the
western Palaearctic; the taxonomic study based on revision of type material and the analysis of
individual and evolutionary variability of cervids that permitted the verification of diagnoses of
species and genera, the study of phylogenetic relationships of cervids, the identification of cervid
evolutionary mechanisms, and the revealing of paleobiogeographic scenarios explaining the
diversity of fossil cervids of western Palearctic in the past.

Scientific novelty and originality: the thesis proposes the first comprehensive taxonomic
revision of fossil deer from Late Miocene to Late Pleistocene from western Palearctic zone based
on the direct study of fossil material from the almost entire area of the western Palearctic (23
paleontological collections from 12 countries). Two genera, three species, and one subspecies
described by the author. The study proposes the new phylogenetic model of crown deer
(subfamilies Cervinae and Capreolinae) that reveals the phylogenetic relationships of fossil deer
with previously uncertain phylogenetic position. The study for the first time applied evaluation of
taxonomic significance of craniodental characters in cervids using the molecular genetic data and
applied the obtained data in supervised hierarchical clustering in order to find the systematic
position of fossil species among modern cervids.

The main results obtained: The work includes taxonomic study of 27 genera and 78
species and forms of fossil deer. The new phylogenetic model of crown deer of the family Cervidae
is proposed. The systematic position and evolutionary significance of some previously poorly
known species and taxonomic groups of higher grade are revealed; the phylogenetic relationships
between modern deer and extinct forms are demonstrated; the mechanisms and principles of deer
evolution and diversification are described. Two new genera and three new species, as well as one
subspecies of fossil deer are described. Also, other potentially new taxa at genus and species level
are indicated.

Theoretical significance: the proposed comprehensive model of the evolution and
phylogenetic relationships of the deer family in the western Palaearctic during the last ca. 10
million years fills the gaps in taxonomy and systematics between fossil and modern deer, explain
their evlutionary ratiation in paleobiogeographic context.

The application value: The obtained results confirmed by the 70 high-quality scientific
publications, explain the biodiversity and zoogeographic distribution of modern deer, reir
responces to the climate change, the evolutionary history of endangered species that allow to build
correctly the strategy of deer biodiversity protection.

Implementation of scientific results: the deer family is recommended as a reliable proxy
for biostratigraphic and geochronological studies, as well as paleobiogeographic and
paleoecological reconstructions. The results also allow us to evaluate the scientific, cultural and
educational significance of the paleontological collections of the Republic of Moldova, as well as
of the natural history collections from other countries of the European continent.



ADNOTARE

CROITOR Roman ,,Cerbii din Miocenul Tarziu - Pleistocenul Palearcticului de Vest:
sistematica, filogenie si evolutie”, teza de doctor habilitat in stiinte biologice, Chisindu, 2022.

Structura tezei: introdicere, sase capitole, concluzii generale si recomandari, bibliografia
din 458 de titluri, 2 anexe, 210 de pagini de text de baza, 45 de figuri, 7 tabele. Rezultatele obtinute
sunt publicate in 70 de lucrari stiintifice.

Cuvintele-cheie: Mammalia, Cervidae, Miocen tarziu, Pliocen, Pleistocen, taxonomie,
sistematicd, evolutie, filogenie, paleobiogeografie.

Scopul lucririi: Revizuirea taxonomicd ale cerbilor din Miocenul Tarziu pana in
Pleistocenul Tarziu 1n Palaearcticul de vest pentru a dezvalui relatiile filogenetice dintre
reprezentantii fosili si moderni ai familiei Cervidae, explorarea diversificarii lor evolutive si
paleoecologice.

Obiectivele cercetarii: revizuirea taxonomiei, sistematicii, filogeniei si evolutiei cerbilor
fosili in perioada geologica cuprinsa intre Miocenul Tarziu si sfarsitul Pleistocenului in regiunea
Palaearctica de vest; studiul taxonomic bazat pe revizuirea materialelor tip si analiza variatiei
individuale si evolutive a cervidelor, care a permis verificarea diagnosticelor speciilor si genurilor,
studiul relatiilor filogenetice ale cervidelor, identificarea mecanismelor evolutive ale cervidelor si
dezvialuirea scenariilor paleobiogeografice care explicd diversitatea cervidelor fosile din
Palaearcticul de vest in trecut..

Noutatea stiintifica si originalitatea lucrarii: Teza propune prima revizuire taxonomica
exhaustiva a cerbilor fosili din Miocenul Tarziu pana in Pleistocenul Tarziu din zona Palaearctica
de vest, bazata pe studiul direct al materialului fosil din aproape intreaga zona a Palaearcticului de
vest (23 de colectii paleontologice din 12 tari). Sunt descrise doua genuri, trei specii si 0 subspecie.
Studiul propune un nou model filogenetic pentru cerbii de tip modern (Cervinae si Capreolinae),
care dezvaluie relatiile filogenetice ale cerbilor fosili cu pozitia filogenetica anterior incerta. Pentru
prima data, studiul a aplicat evaluarea semnificatiei taxonomice a caracterelor craniodentale la
cervide folosind datele genetice moleculare si a aplicat datele obtinute in clusterizarea ierarhica
supervizatd pentru a gasi pozitia sistematica a speciilor fosile printre cervidele moderne.

Rezultate principiale: Lucrarea include un studiu taxonomic al 27 de genuri si 78 de specii
si forme de cerbi fosili. Este propus noul model filogenetic al cerbilor de tip modern din familia
Cervidae. Este dezvaluitd pozitia sistematicd si semnificatia evolutivd a unor specii si grupuri
taxonomice de grad nalt anterior putin cunoscute; sunt demonstrate relatiile filogenetice dintre
cerbii moderni si formele fosile; sunt descrise mecanismele si principiile evolutiei si diversificarii
taxonomice ale cerbilor. Sunt descrise doud genuri noi si trei specii noi, precum si o subspecie de
cerbi fosili. De asemenea, sunt indicate si alte taxoane potential noi la nivel de gen si specie.

Semnificatie teoretica: modelul comprehensiv propus al evolutiei si relatiilor filogenetice
ale familiei cerbilor in Palaearcticul de vest, In ultimii aproximativ 10 milioane de ani, completeaza
lacunele n taxonomie si sistematica dintre cerbii fosili si cei moderni, explicand diversificarea lor
evolutiva in contextul paleobiogeografic.

Valoarea aplicativa: rezultatele obtinute, confirmate de cele 70 de publicatii stiintifice de
inalta calitate, explica biodiversitatea si distributia zoogeografica a cerbilor moderni, rdspunsurile
lor la schimbadrile climatice, istoria evolutiva a speciilor in pericol de disparitie, ceea ce permite
construirea corectd a strategiei de protectie a biodiversitatii cerbilor.

Implementarea rezultatelor stiintifice: Implementarea rezultatelor stiintifice: familia
cerbilor este recomandata ca o resursd solida pentru studiile biostratigrafice si geocronologice,
precum si pentru reconstructiile paleobiogeografice si paleoecologice.. Rezultatele ne permit, de
asemenea, sd evaludm importanta stiintifica, culturald si educationala a colectiilor paleontologice
din Republica Moldova, precum si a colectiilor de istorie naturald din alte tari ale continentului
european.



AHHOTALIIUA

KPOMTOP Poman «OJeHH OT MO3IHEr0 MHOLEHAa 10 IJIeiicToleHa 3amaxa
NaJeapKTHKHM: CHCTeMATHKA, QUJIOTeHHs W IBOJIIOLHMS», JINCCEPTALUs JOKTOpa XaOuiauTara,
Kummnés, 2022.

CTpykTypa AuccepTraumu: BBeieHue, 6 riaas, o0II1e BEIBOIBI U PEKOMMEH IallUHY,
oubnmorpadus BKIrOUaromas 458 UCTOYHUKOB, 2 TpriIokeHus, 210 cTpaHUI] OCHOBHOTO TEKCTA,
45 nnmoctparui, 7 Tabnui. [ToaydeHHbIe pe3ybTaThl ommy0nrMKoBaHbl B 70 Hay4YHBIX paboTax..

KiroueBble cj10Ba: MIICKOMTUTAIONINE, OJICHHU, TIO3IHUN MHOILICH, TUIMOIICH, TICHCTOIICH,
TaKCOHOMMSI, CHCTEMATHKa, BOJIIOIHS, GUIIOTeHHs, TajgeoOnoreorpadusi.

Henab padoThl: TAKCOHOMHS KCKOMAEMBIX OJICHEW C IMO3JHEr0 MHOIEHA MO TMO3THHIMA
TUICHCTOIICH 3alaJHON MaJCapKTHKH C MENbI0 PACKPBITh (DUIOTCHETHUECKUE CBSI3H MEXIY
MCKOMAaeMbIMU ¥ COBPEMEHHBIMU OJICHSIMU, MIX IBOJIOLIMOHHOE U KOJOTHYECKOE Pa3HoOoOpasue.

3agauu: mepecMOTp TaKCOHOMHUH, CUCTEMATHKH, (DMIIOTCHUN W SBOJIFOIIMH HCKOITAeMBIX
OJIeHEH C MO3/IHEero MUOIIeHA /10 KOHIIA MIIEHCTOlIeHA 3aMaJHON MaleapKTUKH; TAKCOHOMUYECKOe
WCCJICIOBAaHUE HA OCHOBE IEPECMOTpa TUIIOBOTO Marepuaja M aHaiu3a WHANBUIYAIbHOW W
SBOJIIOIIMOHHOW M3MEHYUBOCTH OJIEHEH, C LEbI0 YTOUHUTH AUArHO3bl BUAOB U POJAOB, U3YUYUTH
(UITOTCeHETUYCCKUE OTHOIICHUS OJICHEH, BBISBHTH MEXaHW3MbI HX JBOJIONWH U PACKPHIBATH
naneobunoreorpaduueckue CleHapuH, OOBSCHSIONIME pa3HOOOpa3He HWCKOMAEMBbIX OJICHEH
3amaJHON MaJeapKTUKHU B TIPOILIOM..

Hayunasi HOBU3HA U OPUTMHAJIBHOCTB: B JAHHOU JKMCCEPTAIIMH BIIEPBLIC MpeIaracTcs
DIyOOKUN TEepecMOTpP TaKCOHOMHHU HCKOIAEMBIX OJICHEM C TO3JHEr0 MHOILIEHA IO TO3JIHUMA
IUICHCTOIICH 3amaJHON MaleapKTUKH Ha OCHOBE MPSIMOTO HM3Y4YEHHS HCKOMAeMOro Marepuana
MPaKTUYECKH CO BCEW TEPPUTOPHUH 3aaHON MaJeapKTUKH (23 MaJeOHTONIOTHYECKUE KOJUICKIIUN
u3 12 ctpan). ABTOpoM OBLIM OMUCaHBI JBa poja, TpU BUAA U OAHA monaBuI. MccrmemoBaHue
npeiaraeT HOBYIO (MIIOTCHETHYECKYI0 MOJIENb OJICHEH, PaCKPBIBIONIYIO (DHMIOTCHETHYSCKUE
CBSA3M HCKOMAaeMbIX (OpPM C HESCHBIM CHCTEMAaTHMYECKUM TOJoKeHueM. BmepBbie Oblna
NPUMCHEHA OIEHKa TAKCOHOMHUYECKOW 3HAYMMOCTH KPAHUOJCHTAIBHBIX TPU3HAKOB C
NPUBIICYCHHEM  MOJEKYJISIPHO-TEHEeTUYECKUX  JaHHbIX. OroOpaHHBIE TNPU3HAKU  OBbLIN
WCITIOJIb30BAHBI JIJIsI ONIPEICTICHHUS TTOJIOKEHHUS NCKOTTAEMBbIX BUIOB CPEIU COBPEMEHHBIX OJICHEH.

OcHoBHbIE pe3yJbTAThI: MPOBEJACHO TAKCOHOMHUYECKOE HccienoBaHue 27 poaoB U 78
BUJIOB ¥ )OpM HCKOTIaeMbIX oJieHel. [IpeaioskeHa HoBast (pUIOreHeTHYECKast MOJICITh CEMEHCTRA
OJICHEBBIX. PacKppITO cHCTEMaTHYeCKOe MOJOKEHHE U HBOJIIOIMOHHOE 3HAYEHHE HEKOTOPBIX
paHee MAaJIOM3yYCHHBIX BHJIOB W TAaKCOHOMHUYECKHUX TpPYII BBICIIETO paHra; PacKPBITHI
bunoreHeTHYECKUE CBSI3M MEXKAY COBPEMEHHBIMH OJICHAMH W BBIMEPUIUMH (QopMamu;
OMHCHIBAIOTCA MEXAaHW3Mbl W TPHUHIIMIBI 3BOJIONUA W pazHooOpasust ojneHeil. OmucaHbl JBa
HOBBIX POJia ¥ TPY HOBBIX BUJIA, @ TAKXKE OJIUH MOJIBU]] MCKOTIaeMbIX oJieHel. Kpome Toro, ykazaHsl
JpyTre MOTSHIIMAIHHO HOBBIE TAKCOHBI HA YPOBHE pojia M BUA..

TeopeTnueckoe 3HaYeHHE: IPEATTOKEHHAS SBOTIOIMOHHAS U (PUIIOTC€HETUYECKIISI MOEIh
MCKOIIaeMbIX OJICHEH 3armaHOM MajJeapKTUKH 3a TOCIIeIHNE TPUOIU3UTENBHO 10 MIJITHOHOB JIET
3amonHseT mpoleiabl B TAKCOHOMUU U CHUCTEMATHKE MEXAYy HCKOMAaeMbIMU M COBPEMEHHBIMU
OJICHSIMH, OOBSICHSISI MX DBOJIOIMOHHOE pa3HOO0pa3ue B najneoonoreorpanaeckoM KOHTEKCTE.

IIpuknagnasi 3HAYMMOCTB: TIOJTYyYEHHBIE PE3yIbTaThl, MOATBEPkKACHHbIE 70 HAyUYHBIMH
nyOonuKausIMu, OOBSICHSIIOT  OuopasHooOpazue u  reorpaduyueckoe  pacrmpocTpaHEHUE
COBpPEMEHHBIX OJICHEH, BIMSHNE U3MEHEHUS KITUMaTa U SBOIOIMOHHYIO HCTOPHUIO BBIMUPAIOIINX
BUJIOB, YTO TTO3BOJISACT Pa3padoTaTh MPABMIEHYIO CTPATETHIO OXPaHbl OMOPAa3HOOOPa3usl OJICHEH.

BHenpenue HayyHbIX pe3yJIbTATOB: OJICHU PEKOMEHIYETCS B KadecTBE HAJIEHKHOTO
WHAWKATOpa I OuocTpaTUrpadUvecKuX HCCICAOBaHUN, a TakkKe JUIS PEKOHCTPYKIHN
naneoounoreorpaUUECKUX U Maaeo’IKOJIOTMUECKUX MPOIECCOB. Pe3ynbTaThl MO3BOJISIOT OLICHUTH
HAy4HYI0, KyJIbTYpPHP-00pa30BaTEIbHYI0 3HAYMMOCTh MAJICOHTOJIOTHYECKUX KOJUICKIIMNA CTpaH
€BPOIEHCKOro KOHTHHEHTA.
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from Sénéze, France

Fig. A.17. The holotype Nr. 1 (IZW) of Praeelaphus warthae (Czyzewska, 1968) from Weze-1,
Poland: A, the side view; B, the occlusion view of right cheek tooth row

Fig. A.18. The holotype OF24995 (NMENH) of Praeelaphus australorienalis Croitor, 2017 from
Velikoploskoe (Ukraine): A, side view; B, occipital view

Fig. A.19. The antlered braincase IGF1378 of Praeelaphus from Olivola, Italy: A, side view; B,
anterior view of the distal part of left antler; C, upper view of the occipital profile; D, posterior
view of the braincase; E, basioccipitale view of the braincase

Fig. A.20. The left antler of Praeelaphus messinae (Pohlig, 1909) from the Pleistocene deposits
of the Puntali cave (Sicily): A, medial view; B, lateral view

Fig. A.21. The right shed antler of Rucervus (Arvernoceros) ardei Croizet et Jobert, 1828 from
Slobozia Mare (the Museum of Slobozia Mare, Cahul District, Moldova): A, lateral view; B,
anterior view

Fig. A.22. Rucervus radulescui sp. nov. from Valea Graunceanului: holotype, the left shed antler
“GR-965, c. 17, v. 690 (Institute of Speleology “Emil Racovitd”; ISER): (A) medial view; and,
(B) basal view

Fig. A.23. Rucervus gigans Croitor, 2018 from Apollonia-1: the lateral view of the left mandibular
ramus APL-384 (syntype; School of Geology of the University of Thessaloniki, SGUT) and the
shape of the occlusal surface of toothrow

Fig. A.24. Rucervus gigans Croitor, 2018 from Apollonia-1: the left maxilla APL-274 (syntype;
SGUT) with tooth series P>-M?: grinding surface view
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Fig. A.25. Rucervus gigans Croitor, 2018 from Apollonia-1: the basal fragment of antler APL-357
(syntype, SGUT)

Fig. A.26. The lectotype LV-1-9-1179 of Haploideceros mediterraneaus (Bonifay, 1967) from
Lunel-Viel (France)

Fig. A.27. The antlered skull of Haploideceros mediterraneaus (Bonifay, 1967) from Cova del
Rinoceront (Spain)

Fig. A.28. Lower mandible and lower cheek tooth rows of Haploideceros mediterraneaus
(Bonifay, 1967) from Cova del Rinoceront (Spain)

Fig. A.29. Antler shape of (A) Sinomegaceros insolitus (Vekua et al., 2010) from the Early
Pleistocene of Dmanisi (Georgia) and (B) Sinomegaceros pachyosteus from the Middle
Pleistocene of northern China (adapted from Teilhard de Chardin and Pei 1941)

Fig. A.30. The partially preserved skull of Eucladoceros dicranios (Nestii, 1841) from Upper
Valdarno, Italy (stored in the University of Florence): A, side view; B, cross-section of the antler
below the basal ramification; C, occlusion view of the upper cheek tooth row

Fig. A.31. The antler shape of various forms of Eucladoceros from the western Palearctic: A, E.
ctenoides ctenoides (Nesti, 1841) from Upper Valdarno, Italy (IGF377, MGUF); B, E. ctenoides
falconeri (Dawkins, 1868) from Sénéze, France (MNHN); C, E. ctenoides olivolanus (Azzaroli
and Mazza, 1992) from Olivola (IGF1402, MGUF); D, E. ctenoides tetraceros (Dawkins, 1878)
from Peyrolles, France (34409, NHML); E, E. dicranios (Nesti, 1841) from Upper Valdarno, Italy
(IGF270, MGUF); F, E. aff. boulei Teilhard de Chardin & Piveteau 1930 from Kapetanios, Greece
Fig. A.32. The skull of Eucladoceros ctenoides falconeri (= Eucladoceros senezensis) from
Seneze. The specimen is in the paleontological exposition of the National Museum of Natural
History, Paris

Fig. A.33. The shed antler of Praemegaceros obscurus from Salcia (Moldova): A, lateral view; B,
medial view; C, upper view

Fig. A.34. Praemegaceros and related genera: A, Panolia eldii; B, Praemegaceros obscurus from
Pietrafitta, Italy (IGF 4024); C, Praemegaceros obscurus from Rotbav Silverstu, Romania; D,
Praemegaceros dawkinsi from the Forest Bed Formation, England; E, Candiacervus devosi
(adapted from van der Geer, 2018); F, Praemegaceros pliotarandoides from Aliakmon, Greece
(adapted from Melentis, 1967). Abbreviations: bs, basal tine; ds., dorsal tine; m., middle tine; p.,
posterior tine; cr. crown tines

Fig. A.35. The antler vauplan of Praemegaceros (Nesoleipoceros) cazioti (A) and Praemegaceros
(Nesoleipoceros) solilhacus (B); abbreviations: b., basal tine; m, middle tine; p., posterior tine; cr.,

crown tines
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Fig. A.36. The left hemimandible of Praemegaceros (Orthogonoceros) pliotarandoides (De
Alessandri, 1903) from the late Early Pleistocene of Apollonia-1, Greece

Fig. A.37. The antlered skull of a young adult male IGF 243 (MGUF) of Cervus nestii (Azzaroli,
1997) from Figline; oblique view

Fig. A.38. The distal fragment of antler of Cervus canadensis from the Paleolithic site of Climauti
(Moldova)

Fig. A.39. Modern and fossil subspecies of Cervus canadensis: A, Cervus canadensis sibiricus,
frontal view (adapted from Stepanova and Argunov, 2016); Cervus canadensis combtayicus,
frontal view; C, upper view of the distal portion of antler

Fig. A.40. Megaceroides algericus (Lydekker, 1890): the male skull from Guyotville (now Ain-
Benian, Algeria) stored in Paris (NMNH, “Collection of Arambourg”, no number): A, side view;

B, frontal view; C, palatal view. Scale bars: 5 cm
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List of abbreviations

Institutions:

GSUT, the Geological School of the University of Thessaloniki, Greece.

ISB, the Institute of Speleology “Emil Racovita”, Bucharest, Romania.

1ZC, the Institute of Zoology, Chisindu, Moldova.

IZW, the Institute of Zoology of the University of Wroclaw, Poland.

LPUB, the Laboratory of Paleontology, University of Bucharest, Romania.

MCP, the Musée Crozatier au Puy-en-Velay, France.

MGUF, the Museum of Geology and Paleontology of the University of Florence, Italy.
MNHK, the National Museum of Natural History, Kiev, Ukraine.

MNHN, the Muséum national d'Histoire naturelle, Paris, France.

MNP, the musée national de Préhistoire, les Eyzies-de-Tayac, France.

MPS, the Museum of Paleontology of the Department of Earth Sciences, the University of Rome
“Sapienza”, Italy.

NHMB, the Natural History Museum “Grigore Antipa”, Bucharest, Romania.

NHML, the Natural History Museum of London, the United Kingdom.

NHMUF, the Natural History Museum “La Specola”, University of Florence, Italy.
NMENH, National Museum of Ethnography and Natural History, Chisinau, Moldova.

PIN, the Paleontological Institute, Moscow, Russia.

PMUL, the Paleontological Museum of the University “Claude Bernard” Lyon 1, France.
RMO, the Regional Museum “Oltenia” Craiova, Romania.

RMPM, the Regional Museum of Prehistory of Menton, France.

RSU, the Rostov-upon-Don State University, Russia.

SMNH, the State Museum of Natural History of Stuttgart, Germany.

TMH, Teylers Museum, Haarlem, the Netherlands.

Measurements and anatomical points:

BRG, bregma point; CBL, condylobasal length of skull; CDL, condylodental length of skull;
CFR, circumference; D, breadth or thickness; DAP, anderoposterior diameter; DLM,
lateromedial diameter; DVD, dorsoventral diameter; H, height; L, length; MM, molar series; NS,
nasion point; OP, opisthocranion point; ORB, orbit; PP, premolar series; PR, prosthion point;
RN, rhinion point.

The abbreviations used for different types of deer antlers:

1) red deer Cervus elaphus and related species: BR., brow tine; BZ., bez tine; TR., trez tine; CR.,

crown tines; PR, pearling;
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2) the genus Praemegaceros: SB., subbasal tine; B., basal tine, DS., dorsal tine; M., middle tine;
P. posterior tine; CR., crown tine; PL., palmation;

3) the most of cervids with complicated antlers the general scheme is used: B., basal tine; M.,
middle tine; B., posterior tine; CR., crown tine; AP., accessory prong;

4) For small two or three tined antlers (muntjacs and similar deer) a simple indication is applied:
the first (AN1, anterior) tine, the second tine (AN2, anterior tine of the distal fork), and the third
tine (PS3, posterior tine of the distal fork);

5) subfamily Capreolinae: FT, first tine; DF, distal fork; AT, anterior tine of distal fork; PT,
posterior tine of distal fork; PR, pearling; PL, palmation;

Other abbreviations:

MAX, maximum; MIN, minimum; N, number or sample size; M, mean value; SD, standard

deviation; PROX, proximal; DIST, distal; SIN, left; DX, right.

15



INTRODUCTION

The topicality and importance of the subject of the thesis. The family Cervidae is among
the most successful and species-rich taxonomic groups of large-sized herbivores in modern faunas
of Eurasia and the Americas. Modern deer are the most diverse group of herbivores in the
Palearctic. In the geological past, the family Cervidae was represented by a significantly wider
variety of evolutionary and ecological forms, including many extinct forms that provide numerous
biogeographic and evolutionary examples of parallelism, convergence, extreme specializations,
explosive evolutionary radiation in newly colonized areas such as South America, evolution in
conditions of insular isolation, and the emergence of endemic forms in continental biogeographic
refugia (Lydekker, 1898; Azzaroli, 1961; Gliozzi and Malatesta, 1982; Lister, 1987; Vislobokova,
1990; Geist, 1998; Croitor, 2014, 2018a; Croitor et al., 2006).

The dissertation focuses on the taxonomy, systematics, and evolution of the so-called
"crown deer" (sensu Azanza et al., 2013; Amson et al., 2015; Mennecart et al., 2017). Crown deer
are representatives of the subfamilies Cervinae and Capreolinae, as well as their direct forerunners,
from the Late Miocene to Pleistocene of Europe, the Near East, and North Africa. Crown cervids
are differentiated from the "archaic" stem cervids by several evolutionary traits that are found in
modern deer: 1) the cranial appendages are relocated from the orbital area to the more posterior
frontal position, with their basal portion being an outgrowth of frontal bones; 2) the distal portion
of cranial appendages is a regularly shed part that regenerates from the apices of pedicles; and 3)
the basal part of the shed portion of cranial appendages is characterized by the development of a
burr, which is a bony rim at the base of the antlers that seals the pedicle skin and appears with the
first subsequent antler (Bubenik, 1990).

The description of the research domain state and the identification of research
problems. Simpson (1945) noted that the classification of the family Cervidae raises many
unresolved questions. The known diversity of fossil cervid forms significantly increased since
Simpson’s (1945) monographic work on the mammalian classification was published. During the
last decades, important contributions to the understanding of the evolution and phylogeny of fossil
deer from the western Palearctic have been made by Azzaroli (1947, 1952, 1953, 1961, 1979,
1985, 1992, 1994), Kahlke (1956, 1963, 1965, 1969, 1997, 1999, 2001), Czyzewska (1960, 1968),
Kototkevich (1963, 1964 a, b, 1970, 1974, 1988), Heintz (1970), Vislobokova (1986, 1990, 2009,
2012, 2013), Lister (1987, 1990, 1993, 1994, 1999), Azanza (1995; 2000); Stefaniak (1995, 2001,
2007, 2015), and van der Made (1998, 1999, 2003, 2006, 2014) and other students who collected

a large amount of data on cervid paleontological record from the western Palearctic.
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Despite the great abundance and diversity of fossil cervid species, their evolutionary and
systematic interpretations are rather contradictory, and relationships with the living species remain
unclear and speculative. In most cases, the difficulties in cervid classification arise from poor or
inadequate original descriptions of deer species, imprecise and vague definitions of taxa, and
superficial or missing descriptions of type specimens. The insufficient knowledge of cervid species
is complicated by numerous synonymies, taxonomic confusions, and poor definitions of genera.

Another important challenge is the absence of methodologically uniform criteria applied
in the taxonomy and systematics of modern and fossil cervids. The taxonomy and systematics of
modern deer are based on the combination of antler and cranial morphology (Flerov, 1952).
Traditionally, the taxonomy of fossil deer is mostly based on antler morphology (Azzaroli, 1952;
Heintz, 1970), which is a major methodological constraint. Although cervid antlers reflect the
ethological diversity of cervid species and thus ensure genetic isolation between them, they are
characterized by ontogenetic, geographic, and individual variability that led to a large number of
synonymous species names based on variable and often fragmentary antlers (Heintz, 1970; Croitor,
2018Db).

The shape of antlers is influenced by multiple factors of different nature (ecophysiological,
morphofunctional, biomechanical, environmental, social, etc.) that are still insufficiently
understood (Bubenik, 1990). Therefore, many fossil species remain poorly defined, and many
fossil deer remains, even if represented by fine cranial material that contains valuable taxonomic
information, remain poorly understood. Although cranial morphology is an important source of
taxonomic information in neontology, fossil craniological material is often disregarded because of
the rather uniform cervid cranial morphology and relatively rare well-preserved fossil cranial
findings associated with antlers. This incomplete and disregarded record of the cranial morphology
of fossil deer is another constraint for cervid taxonomy at the genus level (Vislobokova, 1990).

Recent advances in the molecular phylogeny of cervids have provided exciting evidence
on the phylogenetic relationships among modern deer and revealed the systematic position of some
peculiar cervids, such as the antlerless Hydropotes inermis, or Elaphurus davidianus, which is
characterized by very unusual antlers (Miyamoto et al., 1990; Douzery, Randi, 1997; Randi et al.,
1998; Pitra et al., 2004; Gilbert et al., 2006). However, the phylogenetic and systematic positions
of many fossil cervids, such as the group of "giant deer," the Plio-Pleistocene "Dama-like" deer
with simple three-pointed antlers, and the Late Miocene "pliocervines," remain speculative.

The purpose of this study is to determine the systematic position of fossil cervids from the
Late Miocene to the Pleistocene in the western part of the Palearctic zoogeographical realm

(including Europe, the Near East, and North Africa), as well as to investigate their evolution,
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paleobiogeography, and phylogenetic relationships with modern deer. The research is based on
fossil deer material from "historical" paleontological collections in Europe, which contain a large
number of fossils from across the European continent and North Africa, collected over the last two
centuries. The Western Palearctic biogeographic zone was chosen as the basis and framework of
the research due to the geographical distribution of the collected data. However, the
paleobiogeographic approach is of particular interest as it allows for the investigation of
evolutionary changes in various cervid lineages in the context of geological and climatic evolution.
The Late Miocene and Pliocene of western Eurasia are particularly important geological periods
during which the main features of the modern Palearctic zoogeographic realm emerged (Croitor
and Brugal, 2007).

The objectives of the present study are focused upon the revision of the original type
material and the verification of all taxonomic acts that represent the basis of the currently accepted
views on the systematics of the family Cervidae.

1) The revision of the original material that served for descriptions of species. The
most important historical collections studied are the 'Collezioni Granducali' (MGUF), which
includes most of the type material from the Upper Valdarno (Tuscany, Italy), the historical
collection from the Cromer Forest-bed Formation in England (NHML), and the historical
collection from Perrier-Etouaires in France (MNHN). Heintz (1970) conducted a detailed
taxonomic revision of cervid species from the Pliocene of Perrier-Etouaires, and Azzaroli (1947,
1992) and Azzaroli and Mazza (1992a) published a series of articles on the revision and
redescription of deer species from the Upper Valdarno. Azzaroli (1953, 1994) revised the historical
collection of fossil deer from the Cromer Forest-bed Formation, and Lister (1993) proposed
stratigraphic interpretations of cervid remains from this formation. Dong (1996) carried out the
taxonomic revision of Ruscinian (Early Pliocene) deer from Languedoc and Roussillon (France).
Unlike previous works, the present study proposes the inclusion of cranial material in the
taxonomic study, following the methodology and criteria of modern zoological studies (Pocock,
1943 a, b, c; Flerov, 1952; Sokolov, 1959; Bouvrain et al., 1989).

2) The revision of original descriptions of taxa and the verification of taxonomic acts.
This is an important stage of research focused upon the analysis of the original bibliographic
sources with taxon descriptions and the analysis of all subsequent scientific publications that
modify the taxonomic status of name-bearing specimens (types) or a taxon rank. The ultimate
objective is to carry out the analysis of the taxonomic history of name-bearing specimens and
related taxa in order to eliminate taxonomic confusions. This stage aims to track the taxonomic

status of a name-bearing specimen through a sequence of taxonomic acts proposed by various
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authors and to estimate the significance of those acts, their priorities, and their validity according
to the rules of the International Code of Zoological Nomenclature (ICZN, 2012).

3) The taxonomic revision of species and higher rank taxa (genera, tribes,
subfamilies). The taxonomic revision of a genus includes the redescription of its genotype (a
species that srved for a genus description), the updated list of species included in the genus, and
the geographical and geological distributions. The taxonomical revision of tribes and subfamilies
concerns mostly the evaluation of their taxonomical rank, diagnostic characters, and the genera
included in the taxon.

4) Emended diagnoses of species or taxonomic groups of higher level. Due to the
specific nature of paleontological material, the taxonomy of fossil cervids is somewhat akin to the
"splitting" approach used in the systematics of modern deer, with antler characteristics being the
predominant diagnostic feature in systematic paleontology (Croitor and Robinson, 2020). In this
study, the revised diagnoses of extinct cervid species and genera are complemented by cranial
diagnostic features. The updated and complete diagnoses ensure the accuracy of the definition of
an extinct cervid taxon, which should closely correspond to the criteria used for modern deer
species and genera. This approach helps bridge the taxonomic gap between modern and extinct
deer taxa.

5) The systematic position and phylogenetic relationships of fossil crown deer from
the western Palearctic. Modern molecular genetic studies significantly advanced our knowledge
of phylogenetic relationships among modern deer (Douzery and Randi, 1997; Polzein and
Strobeck, 1998; Randi et al., 1998; Kuznetsova et al., 2005; Gilbert et al., 2006) but raised the
question on the adequacy of the morphology-based systematical models (Groves, 2013).
Nonetheless, the analysis of the bony labyrinth morphology of modern and fossil deer provided
reliable results on the phylogenetic relationships between some fossil and modern cervids
(Mennecart et al., 2017). The present study proposes to use morphological characters that have
been formally diagnosed as taxonomically significant (antler, cranial, dental, and some postcranial
morphological characters) with the purpose to reveal phylogenetic affinities among fossil and
modern cervid taxa. The study is based on the multivariate cluster analysis of the diagnostic
cranial, dental, antler, and some selected postcranial characters and allows for the evaluation of
the taxonomic importance of diagnostic characters and reveals the systematic position of fossil
species and questionable groups of higher taxonomic rank (Pliocervinae and Megacerini).

6) The evolutionary, paleobiologic, and paleoecologic analysis of the crown cervids
from the western Palearctic. The taxonomic and systematic value of a morphological feature can

be difficult to understand, especially in highly specialized endemic species with modified initial

19



bauplan of antlers, dentition, and skull shape. The morpho-functional and eco-morphological
approach is useful for understanding specialized features, such as simplified antlers or unusual
skull proportions. Through ecomorphological and morpho-functional analyses of an extinct
species' adaptations, we can distinguish plesiomorphic taxonomically important characters from
apomorphic features that reflect the evolutionary response of a deer species to environmental
conditions and/or geographic isolation. These factors can include the founder effect, genetic drift,
evolutionary interactions and co-adaptation with other species (predators, competitors), and their
combinations. Individual variation can also be helpful for understanding evolutionary antler
specializations, especially if individual morphological variants show vestiges of reduced parts of
antlers or reveal the initial antler bauplan (Croitor, 2006a).

7) Paleobiogeography of the family Cervidae in the western Palearctic. Geological
transformations, geographic conditions, and climate shifts have greatly influenced the evolution,
diversification, and dispersals of the family Cervidae. The closure of the Panama Isthmus caused
important global climate changes during the period 4.6-2.8 million years ago, which affected the
climate evolution of the western Palearctic. The transport of heat and moisture by the Gulf Stream
from tropical latitudes to the Northern Atlantic caused the Early Pliocene warming of the Northern
Hemisphere, an increase in climate humidity in western Eurasia, and the intensification of the
Northern Hemisphere glaciation (Haug and Tiedemann, 1998; Denk et al., 2013; O’Dea et al.,
2016). These global changes greatly influenced the evolution and paleobiogeography of the family
Cervidae in the Western Palearctic. Special attention is given to the importance of the Gulf
Stream's influence on the paleobiogeography of fossil cervids during the Plio-Pleistocene epoch.

The research hypothesis. Both subfamilies Cervinae and Capreolinae passed through the
holometacarpal stage of limbs (the lateral metacarpals I and V are complete), following different
types of reduction of lateral metacarpals. The evolutionary radiation of Capreolinae took place in
western Eurasia during the Late Miocene. Holometacarpal representatives of the subfamily
Capreolinae are characterized by the stronger reduction of proximal portions of their lateral
metacarpals, the dichotomous type of antler bauplan (all ramifications of antlers represent
dichotomous bifurcations), the post-glenoid foramen that is not surrounded by the squamosal bone
(its posteromedial edge is constituted by a lateral expansion of the petrous bone), and a set of
dental specializations. The evolution of dentition in Capreolinae is characterized by the following
features: 1) the morphological reinforcement of the premolar series that remains relatively long
and tends partially to acquire the grinding function: the lower fourth premolar (P4) becomes
molarized at a very early evolutionary stage; the third lower premolar (P3) also may attain the

advanced degree of molarization in some genera; 2) the lower molars in early representatives of
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Capreolinae are supplemented with the Palaeomeryx fold; 3) the upper molars in most of
Capreolinae are supplemented with an additional protoconal fold. The Late Miocene evolutionary
radiation of Capreolinae was represented by the cervid forms with primitive two-pointed antlers
(Lucentia) and more advanced forms with three (Procapreolus) and more antler tines (Pliocervus,
Damacerus, Metadicrocerus, Neomegaloceros). By the end of the Miocene, most of the
Capreolinae forms from western Eurasia became extinct. Procapreolus and Croizetoceros are the
representatives of the Late Miocene radiation of Capreolinae that survived until the Upper Pliocene
and Early Pleistocene, respectively. The geographic centers of the evolution of modern
representatives of the Old World Capreolinae (Rangifer, Alces, Capreolus, and Hydropotes) were
located in the middle latitudes of the eastern part of Eurasia.

The evolutionary radiation of plesiometacarpal deer (the subfamily Cervinae) took place
in Southeast Asia during the Late Miocene and, unlike Capreolinae, maintained its original
diversity until pesent days. The closure of the Isthmus of Panama caused the important transport
of tropical warmth and humidity into the North Atlantic and triggered the Pliocene climate
humidification in western Eurasia. This global climate transformation favoured the dispersals of
the representatives of the subfamily Cervinae (Praemuntiacus, Metacervocerus, Praeelaphus,
Rucervus) from the area of their initial evolutionary radiation (Southeast and East Asia) to western
Eurasia. Cervinae are characterized by a set of antler, cranial, dental, and postcranial characters
that distinguish them from Capreolinae and indicate a different ecological strategy and
evolutionary specialization. The holometacarpal condition is still retained in the earliest
representatives of the subfamily Cervinae but shows an evolutionary trend toward the
plesiometacarpal condition, as their lateral metacarpals progressively lost distal portions, including
articulations with lateral phalanxes. The antler bauplan is characterized by the main axis (the beam)
that is supplemented by a rather low-positioned basal ramification and, in the more advanced
stages of antler evolution, further distal ramifications that always have a secondary character to
the main antler axis. The post-glenoid foramen is surrounded by the squamosal bone. The dentition
of Cervinae is characterized by the general trend toward the shortening of the premolar series that
tends to maintain the initial shearing function. The lower fourth premolar is often primitive and
unmolarized, and only in some genera, it attains a certain degree of molarization, that never reaches
the high degree of specialization characteristic of Capreolinae. Unlike Capreolinae, the lower third
premolar is never molarized. The Palaeomeryx fold in lower molars is never developed. The
additional protoconal fold is developed only in some Pleistocene forms. The plesiometacarpal deer
dispersed for the first time into western Eurasia during the Early Pliocene after mass extinction of

telemetacarpal deer, which were represented in the Plio-Pleistocene record by few survived
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lineages. The dispersal of Pliocene plesiometacarpal deer into western Eurasia was chronologically
very close to the first dispersal of Cervinae into the Indian Subcontinent. One can assume that the
evolutionary and ecological diversification within the Cervinae branch also was an important
factor that favoured the Pliocene dispersals of plesiometacarpal deer.

The research methodology applied in the present study is based on the taxonomic
verification and revision of extinct cervid species, the record of cranial, dental, and antler
characters, and the cluster analysis of morphological characters.

Special attention is focused on the well-preserved fossil cranial material, which provides
the most important diagnostic characters and systematical information at the genus level
(Vislobokova, 1990). Both the morphological characteristics (the description of a condition of
selected anatomical parts) and the biometrical data are collected. The considered morphological
craniodental characters are broadly used in neontological taxonomy and systematics (Flerov, 1952;
Sokolov, 1959). The taxonomical values of diagnostic characters are adjusted in accordance with
molecular phylogeny data. A hierarchical cluster analysis of diagnostic craniodental characters
was carried out to estimate the taxonomic and systematic value of the morphological characters
used in modern cervid systematics. The hierarchical clustering paired group algorithm UPGMA
was computed using the Jaccard Similarity Index for presence-absence data (PAST-4 application:
Hammer et al., 2001). The applied approach allows to reveal the systematical position of fossil
deer among modern representatives of the family Cervidae.

The previous attempts to carry out hierarchical cluster analyses of craniometric data gave
inadequate results (Markov and Danilkin, 1999; Meijaard and Grooves, 2004) conflicting with the
genetic data (Pitra et al., 2004; Gilbert et al., 2006), therefore this methodological approach was
not considered in the present study. The cranial measurements are used in the present study to
describe the cranial proportions and the size ratios between various parts of a cranium. The cranial
measurements are taken using the anatomical landmarks that permit avoidance of biases caused
by the extreme specializations of cranial shape.

Pfeiffer-Deml (2016) challenged the reliability of the cranial morphology for cervid
systematics since, according to the cited author, cranial proportions generally are variable and
show a certain ontogenetic variation that makes the cranial material unsuitable for the phylogenetic
studies. However, the study based on the large sample of modern red deer demonstrated that
braincase proportions based on measurements between anatomical landmarks generally do not
change during animal’s life (Mystkowska, 1966). Pfeiffer-Deml (2016), nonetheless, pays great
attention to some cranial features, such as the length of nasal bones that, according to the cited

author, is a "strong argument" for evolutionary relationships between phylogenetically distant
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cervids. According to Vislobokova (1990), this feature is apomorphic and has a systematic value
at the species level. Pfeiffer-Deml (2016) includes all small-sized cervines from the Pliocene and
Early Pleistocene of Europe in the genus Dama. This conclusion is based mostly on the details of
limb bone morphology which are regarded as "plesiomorphic”. However, Pfeiffer-Deml (2016)
does not explain why certain morphological postcranial characters are regarded as plesiomorphic.
The proposed distinction of minor and quite variable morphological details of postcranial bones
into plesiomorphic and apomorphic characters remain speculative. Since the postcranial
morphology in hoofed animals greatly depends on body mass, locomotion type, and ground
surface character (Gambarian, 1972; Kohler, 1993; Curran, 2015), one can assume that the
definition of the genus Dama proposed by Pfeiffer-Deml (2016) corresponds rather to a group of
cervids that evolved in the same adaptive zone (wooded environments with a warm climate of
middle latitudes) and developed the similar adaptations, such as the medium-to-small body size
(the eco-physiologically optimal body mass for the adaptive zone), the similar locomotion strategy
corresponding to the body mass and the landscape conditions (Gambarian, 1972; Scott, 1985), and
the similar postcranial morphology that resulted from the evolutionary, environmental, snd
biomechanical constraints (Curran, 2015; Alcalde and van der Hoek Ostende, 2014). The large
number of modern studies focused on the statistical analysis of ruminant postcranial morphology
revealed its strong correlation with paleoenvironmental conditions and body mass (DeGusta and
Vrba, 2005a, b; Curran, 2015; Alcalde and van der Hoek Ostende, 2014).

Di Stefano and Petronio (1998) based their systematic study of the small-sized Plio-
Pleistocene deer of Europe on the cluster analysis of long limb bone measurements. The obtained
results are different from those of Pfeiffer-Deml (2016) and suggest a close relationship between
the European extinct cervids to modern Axis and Rusa (Di Stefano and Petronio, 1998). Therefore,
the postcranial material cannot be regarded as a reliable source of systematic and phylogenetic
information but indicates species' adaptations to a certain type of environment. Nonetheless, some
essential features of postcranial morphology, such as the type of reduction of the lateral
metacarpals, represent an important general evolutionary specialization of cervid limbs and are
broadly accepted as diagnostic characters of the subfamily level (Simpson, 1945; Vislobokova,
1990).

The novelty and scientific originality of the obtained results: the thesis proposes the
first comprehensive taxonomic revision of fossil deer from Late Miocene to Late Pleistocene from
western Palearctic zone based on the direct study of fossil material from the almost entire area of
the western Palearctic (23 paleontological collections from 12 countries). Two genera, three

species, and one subspecies described by the author. The study proposes the new phylogenetic
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model of crown deer (subfamilies Cervinae and Capreolinae) that reveals the phylogenetic
relationships of fossil deer with previously uncertain phylogenetic position. The study for the first
time applied evaluation of taxonomic significance of craniodental characters in cervids using the
molecular genetic data and applied the obtained data in supervised hierarchical clustering in order
to find the systematic position of fossil species among modern cervids.

The important scientific problem solved: the thesis proposes a systematic and taxonomic
revision of fossil deer from the Western Palearctic and presents a new phylogenetic model of the
crown cervids (subfamilies Cervinae and Capreolinae). For a long time, the origin of
telemetacarpal deer (subfamily Capreolinae) remained obscure. Some authors hypothetically
related the origin of the subfamily Capreolinae to North American Dremotheriinae in an attempt
to explain the missing paleontological record of the early evolutionary radiation of telemetacarpal
deer in Eurasia (Vislobokova, 1990; Vislobokova and Kalmykov, 1994). This study reveals the
early stages of evolution of the subfamily Capreolinae from the Late Miocene of Europe and
clarifies the systematic position of the poorly understood Late Miocene holometacarpal deer from
southeastern Europe. The study also clarifies the systematic position of most of the fossil crown
deer, including insular and North African endemics.

Fundamentally new results for science and practice obtained. The taxonomic
examination of fossil deer from the Late Miocene to the Late Pleistocene in the western Palearctic
region has revealed the existence of 27 genera and 78 species. The thesis proposes a new
systematic and phylogenetic model for the crown cervids of Eurasia (subfamilies Cervinae and
Capreolinae). The proposed phylogenetic relationships among fossil deer from the Western
Palearctic are based on the multivariate analysis of diagnostic craniodental (including antlers)
characters, a methodological approach that was for the first time applied in the study of fossil
cervid systematic relationships. The study of cervid systematic morphology revealed the
phylogenetic relationships between the mainland deer forms and their endemic insular
Mediterranean relatives. The obtained results permitted to establish two new cervid genera:
Haploidoceros Croitor, Bonifay, and Brugal, 2008 from the Late Pleistocene of Western Europe
and Praemuntiacus Croitor, Zakharov, and Mararescul, 2020 from the Pliocene of Eastern Europe
and China. The revision or fossil material allowed to establish the following new species and
subspecies:

Praeelaphus australorientalis Croitor, 2017 (the Pliocene of Ukraine, Moldova and Romania);
Rucervus gigans Croitor, 2018 (the Early Pleistocene of Greece);
Rucervus radulescui Croitor, 2018 (the Early Pleistocene of Romania);

Cervus canadensis combrayicus Croitor, 2020 (the Late Pleistocene of France).
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Theoretical significance: the study reveals the emergence and development of the
Palearctic biogeographic realm in the western part of Eurasia and North Africa. The obtained
results on the evolution of deer antlers, their ecomorphology, and functional morphology reveal
the relationship between deer antler morphology and social behavior and environmental
conditions. This information sheds light on how deer have adapted to their environments over time.
The systematic and morphological study revealed the systematic position of the holometacarpal
deer and permitted us to reconsider the validity of some taxonomic groups at the family level. The
study highlights the importance of southern glacial refugia in the evolution and diversification of
cervid fossil forms, as well as describes the most common mechanism of extinctions of fossil deer
related to the general ecological and evolutionary strategy of the family Cervidae.

The applicative importance of the thesis: the results obtained from this study allow us to
understand the mechanisms by which climate change has influenced the taxonomic diversity and
extinctions of cervid species in the past. By revealing the origin and systematic positions of fossil
cervids, we can correlate their dispersals and evolution with major geological events and use them
as biostratigraphic markers. The results obtained on the systematics and phylogeny of fossil
cervids also enable us to understand the origin of the taxonomic diversity of modern species, as
well as the status of some threatened modern deer.

The main scientific results presented:

1. The holometacarpal deer from the Late Miocene of western Eurasia represents the early
evolutionary stage of telemetacarpal deer (subfamily Capreolinae).

2. The subfamily Pliocervinae is an artificial and polyphyletic taxonomic group at the family
level that should be abandoned.

3. The early evolutionary radiation of the subfamily Capreolinae occurred in western Eurasia
during the Late Miocene.

4. The first plesiometacarpal deer from the Pliocene of western Eurasia represents the early
evolutionary radiation of the subfamily Cervinae from southeastern Asia.

5. The tribe Megalocerotini Viret, 1961 (= Megacerini Viret, 1961) is a polyphyletic group that
includes large-sized forms belonging to distant and unrelated phylogenetic branches.

6. The evolution of antlers in Palearctic deer follows a similar parallelism of morpho-functional
adaptations that minimize health damage, wounding, and death during the rutting season.

7. The general ecological and evolutionary strategy of the family Cervidae is one of the most
common causes of the Palearctic deer species' extinction in the past through the mechanism of

ecological exclusion.
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Implementation of scientific results: The results obtained from the study of systematics,
evolution, and dispersals of fossil deer from the western Palearctic have been used to facilitate
biostratigraphic regional correlations in the Republic of Moldova and Romania (Croitor et al.,
2020; Terhune et al., 2020), to understand paleobiogeographic changes in Europe influenced by
climate changes (Croitor, 2017), and to aid in paleoecological reconstructions (Kaizer and Croitor,
2004; Curran et al., 2021). These results have also helped to provide a paleoecological and
paleobiogeographic context for the dispersal and subsistence of early hominins in Europe (Croitor,
2017; Croitor et al, 2019). The findings from archaeozoological expertise have been included in
the archaeological reports of the State University of Moldova, the National Archaeological
Agency, the Institute of Cultural Heritage, and the University of Barcelona.

Approval of scientific results. The main results and conclusions obtained on the topic of
the thesis were communicated and discussed at the following scientific meetings: Sixth
International Congress of Vertebrate Morphology — Jena, Germany, 2001; Verhandlungen der
Gesellschaft fur Okologie, Band 32: 465; Cottbus, Germany, 2002; “Regional developments and
interregional correlations” - 18th International Senckenberg Conference — VI International
Palaeontological Colloquium in Weimar, Germany, 2004; “Cadre biostratigraphique de la fin du
Pliocéne et du Pléistocéne inférieur (3 Ma a 780 000 ans) en Europe méridionale”, International
Colloque, Tende, France, 2005; “Problems of palacontology and archaeology of the south of
Russia and neighbouring territories”. International conference INQUA, Rostov-upon-Don — Azov,
Russia, 2005; “Le Quaternaire, Limites et Specificites”, Colloque international QS5, Paris, 2006;
Romanian Symposium on Paleontology, the VI-th edition, Iasi, Romania, 2007; XVII INQUA
Congress — Cairns, Australia, 2007; Seventh Romanian Symposium on Palaeontology, Cluj-
Napoca, Romania, 2009; “European Middle Palaeolithic during MIS 8 — MIS 3, culture —
environment — chronology”, International Conference Wolbrom, Poland, 2012; XIV-th Annual
Meeting of the European Association of Vertebrate Palacontologists (EAVP), Haarlem, The
Netherlands, 2016; “Taphonomie Quaternaire: du General au Particulier”, 4" ICAZ Taphonomy
Working Group Meeting, Paris, 2016; “Sustainable use, protection of animal world and forest
management in the context of climate change”, IX-th International Conference of Zoologists,
Chisindu, Moldova, 2016; The Fossil Week”, 5-th International Paleontological Congress — Paris,
2018; “Palaeontology in the virtual era”, the 2-nd Palaeontological Virtual Congress, 2020.

Publications on the topic of the thesis: the results of the thesis are presented in 70
publications, including 1 monography, 2 chapters in a collective monography, 29 articles in
international scientific articles with impact factor, 15 articles in recognised foreign scientific

journals, 10 articles in journals from the National Register of specialized journals, 4 articles in
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scientific collections, 22 abstracts at scientific meetings abroad and 4 abstracts of presentations
made at national scientific meetings.

The volume and structure of the thesis: the thesis consists of 208 pages and includes the
introduction, 6 chapters, conclusions, scientific recommendations, a bibliography with 348
references, and annotations in English, Romanian, and Russian.

Summary of the chapters of the thesis. The introduction chapter, “The historical
overview and the current views on the cervid systematics and phylogeny,” aims to demonstrate
the evolution of views and methodological approaches to the systematics and phylogeny of the
family Cervidae. This historical overview helps to understand the diversity of opinions on fossil
deer systematics in the context of the general advancement of the natural history sciences, the
increase of paleontological data, and the advancement of available research tools. The historical
analysis of the views on fossil deer systematics and evolution allows us to understand the objective
constraints and methodological difficulties, and to gain an understanding of the current problems
in cervid systematics and phylogenetic relationships in order to find methodologically reliable
solutions.

The applied methodological solutions are described in the chapter “Methodological
approach to the study of cervid systematics and phylogeny". This chapter also provides
information on the geochronological frames of the paleontological material included in the study.
The chapter “Systematic diversity of crown cervids (family Cervidae Goldfuss, 1820) in Western
Palearctic” presents the taxonomic analysis of Cervidae findings from the Late Miocene to the
Late Pleistocene of the Western Palearctic, which includes the context of the original description
of a taxon, the historical description of taxonomic acts, the synonymy, and the detailed
morphological description of cervid species.

The chapter “Main evolutionary features of crown cervids from Western Palearctic”
presents the synthesis of cervid evolution from Europe, the Near East, and North Africa based on
the general evolutionary and biological strategy of the family Cervidae and the context of changing
climate and associated faunas. The chapter “Matching fossil record and molecular phylogeny data”
aims to juxtapose the proposed systematic and phylogenetic models of cervids from the Western
Palearctic in the present study with molecular phylogeny data based on modern cervid species.
This juxtaposition permits estimating the reliability of the methodological approach used in the
present study.

The chapter “Paleobiogeography of deer from the Western Palearctic” discusses the
historical development and diversity of the family Cervidae in the zoogeographic area under

consideration in the context of changing climate and geographical conditions.
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1. THE HISTORICAL OVERVIEW AND THE CURRENT VIEWS
ON THE CERVID SYSTEMATICS AND PHYLOGENY

1.1. Historical overview of studies on cervid systematics

The earliest publications from the 17th and 18th centuries that described fossil deer were
brief notes and reports on natural curiosities, such as Knowlton (1746) and Barker (1785). While
these early descriptions of cervid fossils were not accurate enough, they did provide a scientific
basis for subsequent systematic studies of fossil deer. Following the systematic classification
paradigm of that epoch, all cervid species described by the 18th century were included in the genus
Cervus (Linnaeus, 1766). However, from then until the middle of the 20th century, the genus
Cervus was often viewed as an arbitrary taxonomic solution for insufficiently known or poorly
understood forms of cervids.

Gray (1821) established the family Cervidae as a systematic group of ruminants
characterized by the development of solid frontal deciduous processes covered with deciduous
skin. Gray (1821) included the genera Alces and Capreolus in addition to Cervus in Cervidae.

Cuvier (1823) conducted the first important study of fossil deer, publishing an overview of
all known fossil cervid forms, mostly from the Quaternary. Despite many important
paleontological discoveries made since the 19th century, our knowledge of fossil deer evolution
has advanced to a lesser degree. Vague, incomplete, or imperfect original descriptions of species
cause taxonomical confusions complicated by multiple synonymies and lack of methodologically
uniform criteria in the taxonomy and systematics of fossil deer. Many fossil cervid forms remain
little known, poorly understood, or misinterpreted. Despite the great variety of proposed cervid
classification schemes and phylogenetic models, visible progress is impeded by incomplete and
confused taxonomical data.

Brooke (1878) made the first attempt to build a solid classification of the family Cervidae
by describing two types of reduction of the second and fifth metacarpals in modern cervids,
represented by their proximal (plesiometacarpal condition) or distal (telemetacarpal condition)
remnants. The type of reduction of lateral metacarpals reflects two different directions of
adaptation to cursoriality and is one of the most essential characteristics that splits modern cervids
into two subfamilies: Cervinae and Capreolinae. Representatives of the subfamily Cervinae have
completely lost the distal parts of their lateral (second and fifth) metacarpals but retain proximal
vestiges of those bones (the plesiometacarpal condition). Deer of the subfamily Capreolinae are
characterized by a different type of lateral metacarpals reduction, retaining only their distal

portions (the telemetacarpal condition) (Brooke, 1878). The work of Brooke (1878) was
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thoroughly discussed and even criticized in subsequent publications by Lydekker (1898), but it
remains one of the most important systematic studies of the family Cervidae confirmed by modern
systematic approaches.

According to the reduction type of lateral metacarpals, Brooke (1878) established two
informal groups of cervids: the "Plesiometacarpi" group, which includes all Old World deer except
for Capreolus and Hydropotes, and the "Telemetacarpi" group, which includes mostly New World
deer (except for Cervus canadensis), as well as the Old World genera Capreolus and Hydropotes,
and the circumpolar and circumboreal genera Rangifer and Alces. Brooke (1878) also noted a
correlation (with a few exceptions) between the telemetacarpal morphological condition and the
complete dividing of nasal cavities by a vertical plate of vomer, in combination with some other
morphological characters, giving zoogeographic, systematic, and phylogenetic importance to the
observed characters. In most of the telemetacarpal deer, according to Brooke (1878), the vomer is
prolonged downwards and backwards to become ankylosed to the palatal bones and thus dividing
the nasal cavity into two distinct chambers. Brooke (1878) notes that the nasal cavity is not divided
by vomer in three Old World telemetacarpal deer (Capreolus, Alces, and Hydropotes), which
consequently were regarded in Brooke's classification as a group of deer with the uncertain
position. Brooke (1878) also suggested that the bone septum completely dividing the nasal choanae
in American deer is a primitive character shared with less specialized artiodactyls such as
Hippopotamus, Sus, and Tragulus. Brooke’s (1878) terms "Plesiometacarpi" and "Telemetacarpi”
are not available according to the rules of ICZN, but they were later considered as equivalents of
cervid subfamilies Cervinae Goldfus 1820 and Capreolinae Brookes, 1828 (= Odocoileinae
Pocock, 1923), respectively (Frick, 1937; Grubb, 2000; Gilbert et al., 2006).

Lydekker (1898) ignored the taxonomic significance of the type of lateral metacarpal
reduction in cervids and proposed a simplified classification of the family Cervidae, which
contained only two subfamilies: the subfamily Cervinae ("the true deer") with all modern genera
of plesiometacarpal and telemetacarpal deer, as well as the extinct genera Dremotherium,
Dicrocerus, and Anoglochis, and the subfamily Moschinae ("the aberrant deer") with the single
genus Moschus. Lydekker (1898), however, admits that the subfamilies Cervinae and Moschinae
can be regarded as families, while cervid genera may be grouped into subfamilies. Lydekker
(1898) believed that antlers should hold a higher value in cervid classification. He recognized two
main types of antlers in Cervidae: the "brow-tined" type and the "forked" type that generally
correspond to Dawkins’ (1878) "Axeidae" and "Capreoli". However, Lydekker (1898) did not

propose a formal taxonomical distinction based on the dichotomy in cervid antler structure. He
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noted that the Old World telemetacarpal deer (Rangifer, Alces, Capreolus) are morphologically
and taxonomically quite isolated.

Pocock (1910) attributed the status of subfamily to the plesiometacarpal (Cervinae) and
telemetacarpal deer (Capreolinae), but later (Pocock, 1923) divided the telemetacarpal deer into
several subfamilies (Alcinae, Capreolinae, Hydropotinae, Odocoileinae, Pudinae, Rangiferinae),
returning to the informal division of Cervidae into Telemetacarpalia and Plesiometacarpalia.

Simpson (1945) proposed the first important systematical generalization of cervids that
greatly influenced the modern paradigm of the systematics of the family Cervidae. Simpson (1945)
included all modern telemetacarpal deer and some fossil forms in the subfamily Odocoileinae
Pocock, 1923. He recognized six main branches, or subfamilies, in the composition of the family
Cervidae: Palacomerycinae Mathew, 1904; Moschinae Zittel, 1893; Dromomerycinae Frick, 1937;
Muntiacinae Pocock, 1923 (including Simpson’s new tribe Dicrocerini with the type genus
Dicrocerus; the genera names Heteroprox Stehlin, 1928, and Euprox Stehlin, 1928 were included
in the synonymy of Dicrocerus); Cervinae Baird 1857 (including Pliocervinae Khomenko, 1913);
and Odocoileinae Pocock, 1923 (including Capreolidae Brookes, 1828; Alcinae Jerdon, 1874;
Rangiferinae Pocock, 1923; and Hydropotinae Trouessard, 1878). According to Simpson (1945:
p- 267), the phyletic relationship between Dicrocerus and Muntiacus is not certain, however, those
genera represent a similar evolutionary stage and it is at worst a convenient morphological
grouping of these and other similar cervids in the subfamily Muntiacinae. Vislobokova (1990) and
Webb (2000) generally accepted Simpson’s (1945) systematic division of Cervidae but made a
modification by excluding elks and Chinese water deer from the subfamily Odocoileinae and
placing them in the subfamilies Alcinae Jerdon, 1874 and Hydropotinae Trouessart, 1898,
respectively.

Flerov (1952) divided the cervid family into five subfamilies, disregarding the
plesiometacarpal and telemetacarpal division: Palacomerycinae Matthew, 1904 (including
Dremotherium and Palaeomeryx); Dromomerycinae Frick, 1937; Cervulinae Sclater, 1870 (=
Muntiacinae); Cervinae Baird, 1857 (including Pliocervus, Cervavitus, Procapreolus, Capreolus,
and Alces); Neocervinae Carette, 1922 (= Capreolinae Brookes, 1828, = Odocoileinae Pocock,
1923); and Hydropotinae Trouessard, 1898. According to Flerov (1952), the Late Miocene
Cervavitus represents a transitional link between the muntjac-like Dicrocerus and the modern
Cervus and other closely related Cervinae forms, while the arbitrary group of the “American deer”
resulted from the local evolutionary process of Miocene Blastomeryx. Flerov (1952) proposed also

the hypothesized phylogenetic relationships of modern cervids with the fossil forms.
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Azzaroli (1953) proposed a similar classification for the living deer, which are divided into
seven subfamilies: Cervinae Baird, 1857; Muntiacinae Pocock, 1923; Capreolinae Brookes, 1828;
Odocoileinae Pocock, 1923; Rangiferinae Pocock, 1923; Alcinae Jerdon, 1874; and Hydropotinae
Trouessard, 1898.

According to the traditional views, the paleontological record does not give clear answers
on the origin of telemetacarpal deer and phylogenetic relationships between the modern
Capreolinae genera. The earliest representatives of Alces, Capreolus, and Rangifer appear in the
Pliocene and Early Pleistocene of Asia and already show the specialized features characteristic of
those genera (Vislobokova et al., 1995; Webb, 2000; Bondarev et al., 2017).

Nonetheless, the systematic models based on living cervid forms could not give answers
on systematical positions of very diversified and peculiar fossil forms, as many of them do not
have evolutionary and eco-morphological analogues in modern faunas. Those fossil cervid forms
were placed in separate taxonomic groups. Two important family group taxa were created for the
fossil deer forms that have no analogues in the modern animal world: the subfamily Pliocervinae
Khomenko, 1913, which was regarded as a group of transitional forms between the primitive
muntjac-like deer and advanced "true "deer, and the tribe Megacerini Viret, 1961 that grouped the
giant forms of deer of the subfamily Cervinae and their supposed smaller relatives. Those
taxonomic groups were accepted uncritically, although their relationships with other cervid
taxonomic groups remained rather speculative (Croitor, 2016, 2020).

Groves and Grubb (1987) proposed the division of modern deer into three subfamilies
(Hydropotinae, Odocoileinae, and Cervinae). Later, Groves and Grubb (1990) included muntjacs
in a separate family, Muntiacidae. According to the updated classification by Grubb (2000), the
family Cervidae includes the following subfamilies: Hydropotinae Trouessart, 1898;
Lagomerycinae Pilgrim, 1941 (with tribes Lagomericini Pilgrim, 1941 and Dicrocerini Simpson,
1945); Pliocervinae Symeonidis, 1974 (with genera Cervavitus and Pliocervus); Capreolinae
Brookes, 1828 (with tribes Capreolini Brookes, 1828; Odocoileini Pocock, 1923; Alceini Brookes,
1828; Rangiferini Brookes, 1828); and Cervinae Goldfus, 1820 (with tribes Muntiacini Knotterus-
Meyer, 1907 and Cervini Goldfuss, 1820). Grubb (2000) included in the tribe Muntiacini only
modern muntjacs from Southeastern Asia and the extinct Chinese genus Eostyloceros. Grubb
(2000) was the first who confirmed the polyphyletic nature of the informal group of “primitive”
muntjac-like cervids and treated them as members of two different subfamilies: Lagomerycinae
and Cervinae.

The systematic work of Bouvrain et al. (1989) is remarkable for the complex

methodological approach that involved the karyotype, morphological, and biochemical data. The
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results obtained by Bouvrain et al. (1989) supported the monophyly of the subfamilies Cervinae
and Odocoileinae. The subfamily Odocoileinae, according to Bouvrain et al. (1989), includes also
Capreolus, Alces, and Rangifer. The phylogenetic position of Hydropotes is regarded as uncertain,
but closely related to Odocoileinae.

Vislobokova (1990) accepted with some modifications Simpson’s (1945) classification and
maintained the separation of plesiometacarpal and telemetacarpal cervids. According to
Vislobokova (1990), the family Cervidae includes five modern subfamilies: Muntiacinae Pocock,
1923 (with tribes Dicrocerini Simpson, 1945 and Muntiacini Pocock, 1923); Cervinae Baird, 1857
(with tribes Pliocervini Khomenko, 1913, Cervini Gray, 1821, and Megacerini Viret, 1961);
Odocoileinae; Alcinae; Hydropotinae; and three extinct subfamilies: Dremotheriinae Ginsburg et
Heintz, 1966; Dromomerycinae Frick, 1937; and Lagomerycinae Pilgrim, 1941. Vislobokova
(1990) suggests that the divergence of modern cervid subfamilies took place during the Early and
Middle Miocene. According to Vislobokova (1990), the modern genus Muntiacus, together with
the extinct Fostyloceros, Paracervulus and Metacervulus, take their origin from the Early and
Middle Miocene Eurasian Euprox. The forerunner of Cervinae is also sought among the Middle
Miocene Muntiacinae (genus Dicrocerus). Vislobokova (1990) included the tribe Pliocervini
Khomenko, 1913 with genera Cervavitus Khomenko, 1913 and Pliocervus Hilzheimer, 1922 in
the subfamily Cervinae, although she noted the uncertain systematic position of Pliocervus.

Di Stefano and Petronio (2002) challenged the taxonomic significance of the type of
reduction of the lateral metacarpal bones in cervids, citing an earlier study by Lister and Chapman
(1988) which found broad individual variation in the vestiges of lateral metacarpals in modern
deer populations. Lister and Chapman (1988) attributed this variation to genetic bottleneck and
inbreeding in British populations of fallow deer, and while they cautiously considered the
possibility of parallel development of plesiometacarpality in Muntiacinae and Cervinae, they did
not question the taxonomic and phylogenetic importance of plesiometacarpal and telemetacarpal
conditions. In contrast, Di Stefano and Petronio (2002) included all antlered telemetacarpal and
plesiometacarpal deer with the large complicated antlers in the subfamily Cervinae with six
modern tribes (Neocervini Kalandadze and Rautian, 1992 [actually, the authorship belongs to
Carette, 1922]); Odocoileini Pocock, 1923; Rangiferini Simpson, 1945; Alcini Simpson, 1945;
Capreolini Brookes, 1828; Cervini Goldfuss, 1820) and two extinct tribes (Pliocervini Symeonidis,
1974 and Megacerini Viret, 1961).

Groves and Grubb (2011) revised their previous nomenclature scheme for cervids (Groves
and Grubb, 1987), proposing to divide modern cervids into two subfamilies: Capreolinae Brookes,

1828 and Cervinae Goldfuss, 1820. Capreolinae, as defined by Groves and Grubb (1987), includes
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the tribe Rangiferini Brookes, 1828, which comprises the circumpolar genus Rangifer and all
American telemetacarpal genera; the tribe Capreolini Brookes, 1828, which includes the genera
Capreolus and Hydropotes; and the monotypic tribe Alceini Brookes, 1828. The subfamily
Cervinae comprises the tribe Muntiacini Knottnerus-Meyer, 1907, which contains the modern
genera Muntiacus and Elaphodus, and the tribe Cervini Goldfuss, 1820, which includes the genera
Cervus, Axis, Dama, Rucervus, Panolia, and Elaphurus (Groves and Grubb, 2011). This
classification of modern cervids is accepted in the present study.

The overview of various views on the systematics and classification of the family Cervidae
reveals a lack of consensus regarding the classification of fossil and modern cervids.
Disagreements on cervid systematics and phylogeny arise due to multiple unresolved questions,
such as poorly understood evolutionary specializations within phylogenetic lineages, an
incomplete fossil record of cervids, and superficial, inadequate, or inaccurate original descriptions
of fossil cervid forms (Croitor, 2018b, 2020).

The misunderstood or poorly understood evolutionary significance of specific
morphological characters provoked controversial and long-lasting debates on the phylogenetic
positions of some genera and phyletic lineages.

Our understanding of the early paleontological record and evolution of the subfamily
Capreolinae remains incomplete. Paleontological data and their interpretations have not provided
a clear picture of the early evolutionary stages and phylogenetic relationships of telemetacarpal
deer. Phylogenetic relationships within this group are not well understood, and the extreme
specialization of the modern representatives of Capreolinae, which belong to a heavily depleted
evolutionary branch of cervids, has been noted by Geist (1998). Most of the modern Capreolinae,
or telemetacarpal deer, represent a relatively recent and successful evolutionary radiation of
cervids in the New World. In the Old World, there are only three telemetacarpal genera with four
species (Capreolus capreolus, C. pygargus, Alces alces, Hydropothes inermis), while Rangifer
tarandus is an extremely specialized cervid with circumpolar distribution (Lydekker, 1898; Flerov,
1952; Geist, 1998). The first known members of the genera Alces, Capreolus, and Rangifer,
already exhibiting the specialized features characteristic of these groups, appeared in the Pliocene
and Early Pleistocene of Asia (Vislobokova et al., 1995; Webb, 2000; Bondarev et al., 2017). The
extreme evolutionary specializations of the Capreolinae and the absence of transitional forms have
resulted in long-lasting debates on the systematic position and phylogenetic relationships of most
of the Old World telemetacarpal deer (with the exception of Rangifer).

Pavlodaria orlovi (Flerov, 1950) from the Late Miocene of Eastern Kazakhstan is a unique

deer with completely divided vomer nasal chambers, like New World telemetacarpal deer
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(Vislobokova, 1980). Vislobokova (1980) suggests that Paviodaria orlovi still maintains
holometacarpal limbs but belongs to the tribe Odocoileini. Therefore, the subfamily Capreolinae
(Odocoileinae according to Vislobokova, 1990) is redefined as a taxonomic group that includes
both telemetacarpal and primitive holometacarpal forms. Modern molecular genetic studies have
confirmed the monophyly of all telemetacarpal deer, but the adequacy of systematic models based
on morphology has been called into question (Douzery and Randi, 1997; Polzein and Strobeck,
1998; Randi et al., 1998; Gilbert et al., 2006). However, analysis of bony labyrinth morphology of
modern and fossil deer has produced results consistent with the phylogenetic relationships between
cervids, confirming the monophyly of the Old World telemetacarpal deer (Mennecart et al., 2017).

Procapreolus is the extinct genus from the Late Miocene to Pliocene of Eurasia that was
invariably approached to modern telemetacarpal deer (Dawkins, 1878; Schlosser, 1924;
Korotkevich, 1970; Vislobokova and Kalmykov, 1994; Vislobokova, 1990; Webb, 2000). Valli
(2010) confirmed the subfamily Capreolinae's belonging to Procapreolus by providing a detailed
description of the basicranial morphology of P. cusanus. Pavlodaria orlovi (Flerov, 1950) from
the Late Miocene of Eastern Kazakhstan is another extinct deer that belongs to the subfamily
Capreolinae, with its nasal chambers completely divided by the vomer, as is typical in the New
World telemetacarpal deer (Vislobokova, 1980). According to Vislobokova (1980), P. orlovi,
placed in the tribe Odocoileini, still maintains holometacarpal limbs. As a result, Vislobokova
(1990) redefined the subfamily Capreolinae as a taxonomic group that includes both
telemetacarpal and holometacarpal forms.

For a long time, Hydropotes inermis, which lacks antlers, was considered the most
primitive cervid species, representing an initial stage in the evolutionary development of the family
Cervidae. It was placed in the subfamily Hydropotinae, which was distinct from all other antlered
deer species (Flerov, 1952; Azzaroli, 1953; Groves and Grubb, 1987; Vislobokova, 1990;
Danilkin, 1999; Grubb, 2000; Di Stefano and Petronio, 2002).

The elk group, consisting of the genera Alces and Cervalces, presents a challenge for cervid
classification due to unresolved phylogenetic relationships. The unique morphological features of
elk antlers and skulls make it difficult to determine their clear affinities with other cervid groups.
As a result, all elks were originally placed in the separate subfamily Alcinae (Azzaroli, 1953;
Vislobokova, 1990; Boeskorov, 2001). However, Flerov (1952) and Sokolov (1959) included
Alces in the subfamily Cervinae, while Bouvrain et al. (1989) placed it within the subfamily
Odocoileinae. Geist (1998) suggested that the elk (or moose) diverged from other New World deer
in the late Tertiary.
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Azzaroli (1953) included Capreolus in the subfamily Capreolinae and suggested a close
relationship between Capreolinae and Alcinae based on the affinity in dental morphology. In
contrast, Flerov (1952) regarded Capreolus as a primitive cervid, close to the muntjac-like
evolutionary stage, and included this genus in the subfamily Cervinae. Sokolov (1959), Czyzewska
(1968), and Di Stefano and Petronio (2002) followed Flerov's point of view. However, roe deer
(together with Mio-Pliocene Procapreolus) are more often grouped with the American deer in the
subfamily Capreolinae (= Odocoileinae) (Simpson, 1945; Korotkevich, 1988; Bouvrain et al.,
1989; Vislobokova, 1990; Vislobokova and Kalmykov, 1994; Danilkin, 1999; Grubb, 2000).

The phylogenetic relationships and origin of Eurasian plesiometacarpal deer (cervines) are
still not well established and require critical reconsideration. While the separation of muntjacs and
large plesiometacarpal deer with complicated antlers at the subfamily level or even in different
families has been traditionally accepted (Khomenko, 1913; Simpson, 1945; Flerov, 1952;
Azzaroli, 1953; Korotkevich, 1988; Groves and Grubb, 1990; Vislobokova, 1990; Di Stefano and
Petronio, 2002), the inclusion of all plesiometacarpal deer in the single subfamily Cervinae, as
suggested by Brooke (1878), has often been disregarded and remained a marginal point of view.

Cervavitus novorossiae, supposedly holometacarpal, from the Late Miocene of
southeastern Europe is often regarded as the most primitive member of the Cervinae, based on the
old hypothesis of Khomenko (1913) regarding the mixture of muntiacine and cervine characters
in the cranial morphology of Cervavitus. However, the phylogenetic relationships among the fossil
cervines in most cases remain unclear or poorly supported by arguments (Croitor, 2021). Often,
the phylogenetic interpretations of fossil cervid forms are based on a limited set of arbitrarily
selected or available characters, such as antler and cranial morphology (Vislobokova, 1990), antler
shape (Azzaroli and Mazza, 1992; Di Stefano and Petronio, 2002), postcranial morphology
(Pfeiffer, 1999), or general eco-morphology (Flerov, 1952).

The main taxonomic challenge in classifying the subfamily Cervinae arises from the
relatively uniform craniodental morphology that makes it difficult to distinguish between genera.
Some authors, such as Flerov (1952), have a broad interpretation of the genus Cervus, which
includes the rusa deer, the axis deer, and the fallow deer. In contrast, Pocock (1942, 1943a, b, ¢)
proposes the opposite viewpoint and recognizes valid status for several genera within Cervinae,
including Cervus, Axis, Hyelaphus, Panolia, Rucervus, and Przewalskium.

The relationship between modern and fossil cervid taxa has been poorly studied and, for
the most part, remains speculative. Despite some attempts to trace a link between fossil forms of
cervids and modern genera, there is a significant taxonomic gap between them (Flerov, 1952; Di

Stefano and Petronio, 2002).
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Antlers are traditionally considered the primary source of diagnostic morphological
characters used in the description of fossil deer species and genera and, therefore, play a crucial
role in phylogenetic studies (Azzaroli and Mazza, 1992). This is because antlers are the most
specific, morphologically well-defined, and expressive remains of fossil cervids, which are
relatively abundant in the fossil record. The shape of antlers is closely linked to the social and
reproductive behavior of deer (Geist, 1998). Therefore, antlers should be considered a reliable
source of diagnostic characters for species description, despite the well-known individual,
geographical, ontogenetic, and pathological variability of antler morphology (Heintz, 1970).

In contrast, neontological taxonomy of mammals, including cervids, relies primarily on
skull morphology, unlike palacontological taxonomy. As a result, the morphological criteria for
fossil and modern cervid taxa at the species and genus levels are often based on different
characteristics that are challenging to compare, leading to methodological incompatibility between
paleontological and neontological cervid taxonomy. As Simpson (1945) correctly pointed out, the
classification of living cervids is relatively easy to arrange; nonetheless, despite the great
abundance of fossil forms, they shed little light on the phylogenetic interrelationships of the
modern deer.

Over the last two decades, the analysis of mitochondrial and nuclear DNA sequences has
significantly advanced the understanding of modern cervid phylogeny. Molecular analysis is a
valuable tool for interpreting data on fossil deer. Research shows that the divergence between
plesiometacarpal and telemetacarpal deer is a major basal event in modern cervid phylogeny,
occurring in the Late Miocene (8.7-10.4 Ma according to Douzery and Randy, 1997; 7.8-7.9 Ma
according to Gilbert et al., 2006; or 10.7-11.5 Ma according to Hassanin et al., 2012).
Unexpectedly, a close phylogenetic relationship between Capreolus and Hydropotes was
discovered. All Old World telemetacarpal cervids, including Alces, Capreolus, Rangifer, and
Hydropotes, together with the New Old deer, form a monophyletic clade of telemetacarpal cervids
(Douzery and Randy, 1997; Randi et al., 1998; Pitra et al., 2004; Gilbert et al., 2006). The clade
Capreolini-Hydropotini-Alcini emerged during the Middle Miocene between 15.6 and 16.8 Ma
ago and remains quite distant from the New World tribes of Capreolinae (Odocoileini and
Rangiferini) (Randi et al., 1998). Hassanin et al. (2012) report a more recent dichotomy of the
Eurasian (including Alces) and American Capreolinae (8.7-9.6 Ma).

The close phylogenetic association between the Cervinae and the Muntiacinae is strongly
supported by molecular analysis (Miyamoto et al., 1990; Pitra et al., 2004; Gilbert et al., 2006).
This result was somewhat unexpected, as the subfamily Muntiacinae was traditionally placed at

the base of the cervid phylogenetic tree, along with the extinct muntjac-like primitive cervids
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(Simpson, 1945; Flerov, 1952; Vislobokova, 1990). However, the close relationship between
modern muntjacs and cervines (subfamily Cervinae) is consistent with most of the available
morphological and biochemical data (Brooke, 1878; Bouvrain et al., 1989). Thus, the
plesiometacarpal condition among the modern cervids evolved only once through the reduction of
lateral metacarpals. This new insight into cervid phylogeny highlights the taxonomical
significance of the type of reduction of lateral metacarpals and supports the natural grouping of
modern plesiometacarpal cervids (Randi et al., 1998).

Modern molecular genetic studies have also confirmed the monophyly of all telemetacarpal
deer, but have raised questions about the adequacy of systematic models based solely on
morphology (Douzery and Randi, 1997; Polzein and Strobeck, 1998; Randi et al., 1998; Gilbert et
al., 2006). However, analysis of the bony labyrinth morphology of modern and fossil deer has
produced relatively reliable results on the phylogenetic relationships between cervids and has
confirmed the monophyly of the Old World telemetacarpal deer (Mennecart et al., 2017). The
morphological analysis of the bony labyrinth has yielded interesting results that have opened up
new perspectives for the phylogenetic study of fossil cervids. Mennecart et al. (2017) have
confirmed the monophyly of the Old World telemetacarpal deer (subfamily Capreolinae) and
identified Euprox furcatus as a member of the subfamily Cervinae, which diverged very early from
the main cervine phylogenetic branch. They also found that modern Muntiacus belongs to the
zoogeographically more restricted South-East Asian radiation together with large cervines. The
methodology developed and used by Mennecart et al. (2017) is of great interest, as it permits the
inclusion of both modern and fossil forms in phylogenetic studies.

The radiation of advanced plesiometacarpal Old World deer likely began around the
Miocene/Pliocene boundary (3.3-7.1 Ma), with the final diversification within Cervinae occurring
during the Early Pleistocene (0.4-2.5 Ma), leading to the evolution of modern subspecies of Cervus
elaphus (Douzery and Randy, 1997). Pitra et al. (2004) found that Axis axis, Rucervus
schomburgki, and Rucervus duvaucelii diverged early from the main phylogenetic stock of
Cervinae. Przewalskium albirostris, the white-lipped deer, is a sister species to a wapiti/shou/sika
clade within the genus Cervus (Pitra et al., 2004). Dama, the only modern cervid genus not found
in Southeast Asia, diverged quite early from Cervus and allied cervines in Southeastern Asia,
during the Early Pliocene around 3.0 Ma (Pitra et al., 2004; Gilbert et al., 2006). Molecular
phylogeny analysis has also revealed the surprising importance of hybridization in the evolution
and origin of modern cervid species. At least two such evolutionary events are recorded among
modern cervids: the non-monophyletic origin of the red deer/wapiti group, previously regarded as

a single species (Cervus elaphus), and the origin of the enigmatic species Elaphurus davidianus.
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The genus Elaphurus resulted from the hybridization of @ Panolia eldii (or a very similar form)
and &'Cervus canadensis, and is therefore closely related to the phylogenetic stock of Cervus and
related forms (Meijaard and Groves, 2004; Pitra et al., 2004).

New evidence suggests that the genus Muntiacus, which was once thought to be a primitive
precursor of all modern deer, is actually a fairly specialized taxon that belongs to the modern
evolutionary radiation of the subfamily Cervinae. The plesiometacarpal condition in Muntiacus
has attained the highest evolutionary degree. Nevertheless, Muntiacus still bears some
resemblance to the hypothesized ancestral type of Cervidae, which was a small-sized, cryptic,
holometacarpal forest inhabitant with large tusks, long pedicles, and small, simple antlers (Flerov,
1952; Czyzewska, 1968; Janis and Scott, 1987; Vislobokova, 1990; Geist, 1998). The majority of
Miocene Cervidae, including the earliest representatives of Cervinae (such as "Cervavitus" from
the Late Tertiary of China) and Capreolinae (such as Cervavitus, Pliocervus, and Procapreolus
from Western Eurasia), had well-developed enlarged upper canines (Vislobokova, 1990; Gentry
et al., 1999).

The results of molecular phylogenetic studies on cervids have advanced our understanding
of the systematics of modern deer and prompted a reevaluation of the taxonomic value of certain
characteristics of modern cervid forms, such as antler complexity and other exosomatic features,
which appear to be influenced by lifestyle factors related to climate (Groves, 2005). These new
insights into cervid evolution also provide an excellent opportunity for revising the taxonomic
criteria used to classify fossil species and for developing a new perspective on the phylogenetic
and evolutionary relationships among fossil and modern cervid forms and clades.

Previous attempts to reconcile fossil cervid records with new molecular phylogeny data
have been controversial, with the most contentious issues centering around the identification of
the ancestral form of modern large antlered cervines. Pitra et al. (2004), following di Stefano and
Petronio (2002), consider the Late Miocene holometacarpal Cervavitus novorossiae to be the most
primitive member of the Cervinae. However, the reconstruction of the cervid ancestral morphotype
as a large open landscape dweller with a strong sexual dimorphism, three-pointed antlers, and
missing upper canines proposed by Gilbert et al. (2006) is highly contentious. This daring
hypothesis conflicts with paleontological and biological data (Vislobokova, 1990; Geist, 1998;
Croitor and Stefaniak, 2009).

Firstly, the fossil record provides clear evidence that the ancestral type of Cervidae was a
small-sized, cryptic, holometacarpal forest inhabitant with large tusks, long pedicles, and small
simple antlers (Flerov, 1952; Czyzewska, 1968; Janis and Scott, 1987; Vislobokova, 1990;

Rossner, 1995; Geist, 1998). The enlarged upper canines are well-developed in the majority of
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Miocene Cervidae, including the earliest representatives of Cervinae (apparently, "Cervavitus"
from China) and Capreolinae (Procapreolus from Western Eurasia) (Vislobokova, 1990; Gentry
et al., 1999). Furthermore, the ancestral morphotype proposed by Gilbert et al. (2006) cannot
explain the presence of vestigial preorbital fossae in almost all Cervidae, regardless of ecological
adaptations. It is worth noting that preorbital fossae serve the function of chemical communication
in forest deer and achieve the strongest development in Muntiacinae, as well as in the most
primitive fossil Capreolinae (Procapreolus) and primitive fossil and modern Cervinae
(Hyelaphus).

The available paleontological data and their interpretations did not clarify the early
evolution stages and phylogenetic relationships of the telemetacarpal deer. The earliest
representatives of Alces, Capreolus, and Rangifer appear in the Pliocene and Early Pleistocene of
Asia and already show specialized features characteristic of those genera (Vislobokova et al.,
1995; Webb, 2000; Bondarev et al., 2017). Procapreolus is the extinct genus from the Late
Miocene to Pliocene of Eurasia that was invariably approached to modern telemetacarpal deer
(Dawkins, 1878; Schlosser, 1924; Korotkevich, 1970; Vislobokova and Kalmykov, 1994;
Vislobokova, 1990; Webb, 2000). Valli (2010) confirmed the belonging of Procapreolus to the
subfamily Capreolinae, providing a detailed description of the basicranial morphology of P.
cusanus. Pavlodaria orlovi (Flerov, 1950) from the Late Miocene of Eastern Kazakhstan is a
peculiar deer characterized by the completely divided vomer nasal chambers as New World
telemetacarpal deer (Vislobokova, 1980). According to Vislobokova (1980), P. orlovi still
maintains holometacarpal limbs but belongs to the tribe Odocoileini. Therefore, the subfamily
Capreolinae (Odocoileinae fide Vislobokova, 1990) is redefined as a taxonomical group that

includes telemetacarpal and primitive holometacarpal forms.

1.2. Main issues in cervid systematics and taxonomy

The validity of Pliocervinae. Most holometacarpal (and supposedly holocarpal) deer are
grouped within the poorly defined subfamily Pliocervinae, often considered a tribe within the
subfamily Cervinae (Simpson, 1945; Czyzewska, 1968; Vislobokova, 1990; Azanza, 2000; Grubb,
2000; Di Stefano and Petronio, 2002). Aleksejev (1913, 1915) was the first to describe the
holometacarpal limb condition in his Procervus variabilis from the Late Miocene of South
Ukraine. Khomenko (1913) included Aleksejev's species in the subfamily Pliocervinae, which was
created to describe the transitional evolutionary stage between primitive muntiacines and advanced
cervines of the modern type. Khomenko's Pliocervinae included new genera and species, such as

Cervocerus novorossiae, Cervavitus tarakliensis, and Damacerus bessarabiae, as well as
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previously described species such as Cervus matheroni Gervais, Dremotherium pentelici Gaudry,
and Cervavitus speciosus Schlosser (Khomenko, 1913). The subfamily Pliocervinae was
accepted by Zdansky (1925), while Simpson (1945) regarded Pliocervinae Khomenko, 1913 as a
synonym of Cervinae Baird, 1857.

In 1968, Czyzewska revised the taxonomy of the subfamily Pliocervinae, downgrading it
to the tribe Pliocervini within Cervinae and recognizing a single genus, Cervavitus Khomenko,
1914. Czyzewska also proposed that the Asian "Pliocervini" may be the ancestors of Axis and
Cervus. However, Czyzewska regarded Pliocervus Hilzheimer, 1922 as a genus incertae sedis and
did not include it in Pliocervini. Therefore, the Pliocervini sensu Czyzewska is not based on
Pliocervus Hilzheimer.

Petronio et al. (2007) incorrectly attributed the authorship of the tribe Pliocervini to
Czyzewska, 1968. In contrast, Korotkevich (1988) and Vislobokova (1990) included both
Pliocervus and Cervavitus in the tribe Pliocervini Khomenko, 1913 within the subfamily Cervinae
Baird, 1857.

Grubb (2000) demonstrated that the subfamily name Pliocervinae Khomenko, 1913 is not
based on a valid genus-group name, and therefore it is not an available taxon according to Article
29 of the ICZN. However, in 1974 Symeonidis proposed the subfamily Pliocervinae with
Pliocervus and Cervavitus, which is based on Pliocervus Hilzheimer, 1922 and is therefore an
available family-group name. Grubb (2000) recognized Pliocervus in the subfamily Pliocervinae
Symeonidis 1974, together with Cervavitus. Meanwhile, McKenna and Bell (1997) applied the
tribe Pliocervini Symeonidis, 1974 within the subfamily Cervinae with the genera Cervavitus and
Pliocervus.

The genus name Cervocerus Khomenko, 1913 (previously known as Cervavitus
Khomenko, 1913) is traditionally used to describe medium to small-sized cervids with relatively
short three-pointed antlers and long pedicles from the Late Tertiary and Quaternary periods of
China and Central Asia. Up to eight species or subspecies have been identified, along with up to
three species from the Late Miocene to Pliocene of Europe (Aubekerova, 1974; Dong, 2011; Wang
and Zhang, 2014; Vislobokova, 1990).

However, the classification of Chinese and Central Asian forms as belonging to
Cervocerus/Cervavitus 1s disputed (Azzaroli, 1953; Czyzewska, 1968; Vislobokova, 1990;
Petronio et al., 2007)

The subfamily Pliocervinae (Grubb, 2000), which has been a keystone systematic group in
the evolutionary and phylogenetic models of plesiometacarpal deer (Khomenko, 1913; Flerov,

1950, 1952; Czyzewska, 1968; Vislobokova, 1990; Di Stefano and Petronio, 2002), is
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questionable. It is important to note that the systematic position of Pliocervus matheroni, the type
species of Pliocervinae, remains unclear (Czyzewska, 1968; Vislobokova, 1990).

This study aims to assess the taxonomic weight and systematic importance of craniodental,
antler, and some selected postcranial characters of cervids. The subfamily Capreolinae is of
particular interest for this study, as its highly specialized representatives are characterized by a
variety of combinations of cranial, dental, and antler characters (Croitor and Stefaniak, 2009).
Reassessing diagnostic craniodental and antler characters will provide a new perspective on the
systematic position and phylogenetic relationships of Late Miocene European "Pliocervinae." This
subfamily will be subjected to a taxonomic revision and morphological redescriptions (Croitor,
2021)

The systematical position of Pliocervus. The systematic position of Pliocervus matheroni
is a matter of debate, and no convincing arguments have been presented thus far. In his original
description, Gervais (1852) considered Cervus (Axis) matheroni to be an intermediate form
between roe deer and primitive cervine deer. Later, Gaudry (1873) noticed a certain affinity
between the antler shape of C. matheroni and South American Ozotoceros bezoarticus (= Cervus
campestris: Grubb, 2000). Dawkins (1878) considered C. matheroni to be similar to modern roe
deer and included it in the group of roe-like deer, or Capreoli. This viewpoint was supported by
Lydekker (1885) and Trouessart (1899), who included C. matheroni in the genus Capreolus.

Khomenko (1913) endorsed Gervais' (1852) initial presumption about the transitional
evolutionary position of the deer from Mont Luberon. According to Khomenko (1913), the deer
from Mont Luberon, together with the Late Miocene cervids from Bessarabia, represents the
evolutionary link between primitive muntjacs and crown deer of the modern type. Subsequent
authors (Czyzewska, 1968; Korotkevich, 1970; Vislobokova, 1990; Azanza, 2000) regarded
Pliocervus matheroni as a primitive representative of the subfamily Cervinae with unclear
phylogenetic relationships.

Korotkevich (1970) noticed a similar pattern of antler construction in Pliocervus matheroni
and Cervavitus orlovi Flerov, 1950, from the “Hipparion fauna” of Pavlodar (North-East
Kazakhstan). Later, Vislobokova (1980) created a new genus, Paviodaria, for Cervavitus orlovi,
which is considered an archaic deer of the subfamily Capreolinae (= Neocervinae Carette, 1922)
due to the set of important cranial characters, such as the bone septum completely dividing the
nasal choanae and the specific morphology of post-glenoid foramen that is not surrounded by
squamosal bone and is bordered in its posteromedial part by the petrous bone, which is
characteristic of Capreolinae. The systematic position of Pliocervus, according to Vislobokova

(1990), remained uncertain. Although Vislobokova (1980, 1990) placed Pliocervus together with
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Cervavitus in the tribe Pliocervini Khomenko, 1913, of the subfamily Cervinae Baird, 1857, she
notes a certain affinity of its antler morphology with Paviodaria and Odocoileus.

The imperfect definition of Pliocervus and its type species has caused confusion in
taxonomy. Several ruminant species are poorly known and misunderstood, and have been included
in Pliocervus. One such species comes from the Late Miocene of Pikermi (Greece, MN12). Gaudry
(1865) reported a braincase without cranial appendages and lower mandibles with primitive
cervid-like dental morphology from Pikermi as the new species Dremotherium pentelici, which
was suggested as a transitional link between mouse-deer and other ruminants. Dames (1883)
proposed a new species, Cervus pentelici, based on well-preserved three-pointed antlers from
Pikermi and assumed its close relationship with Cervus matheroni. It is important to note that C.
pentelici Dames, 1883 is not a homonym of Dremotherium pentelici Gaudry, 1865.

Melentis (1968) associated Dremotherium pentelici with the antlers of C. pentelici and
included Gaudry’s species in the genus Pliocervus, therefore proposing a new species and genus
combination, Pliocervus pentelici (Gaudry, 1865). However, the inclusion of Dremotherium
pentelici in the genus Pliocervus was doubted by Gentry et al. (1999) and Croitor (2014). Azanza
(1995) indicated that three forms of ruminants were finally grouped under the name Pliocervus
pentelici: a bovid braincase with inflated large bullae tympani; a mandible of small-sized cervid,
and a larger deer represented by mandible fragments described by Gaudry (1865) as Dremotherium
sp. and antlers described by Dames (1883) as C. pentelici. Azanza (1995) restricted the original
name Dremotherium pentelici to the mandibles of the smaller deer.

My revision of Gaudry’s collection stored in the National Museum of Natural History in
Paris confirms Azanza's (1995) suggestion. The braincase PIK2020 (MNHN, Paris) belongs to a
bovid. The specimen is not lost, as reported by Azanza (1995) and Gentry (2005). The collection
label of this specimen defines it as "Gazella brevicornis cf. capricornis/deperdita?".

The hemimandibles PIK2034a and PIK2034b belong to a very small deer similar in size to
modern Muntiacus reevesi and Hydropotes inermis. These specimens are characterized by a
primitive P4+ and a very weak Palaeomeryx fold. The systematic position of this deer is not yet
clear. Kostopoulos (2006) identified the small cervid mandibles from Pikermi as belonging to the
genus Lucentia Azanza and Montoya, 1995, while Azanza et al. (2013) suggest that the size of
smaller teeth from Pikermi is more similar to Cervavitulus mimus.

The antlers from Pikermi are three-pointed, thin, and have a high position of the first
ramification (Dames, 1883; Melentis, 1968) and belong to Procapreolus (Croitor, 2018b). Azanza
(1995) proposed a new species name, Pliocervus graecus, for the sample from Maramena and the

antlers from Pikermi, following the misleading and confusing definition of Pliocervus. The antlers
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of P. graecus are very similar to those of P. flerovi from the Late Miocene of Ukraine (Croitor,
2018Db).

Pliocervus kutchurganicus Korotkevich, 1965 is based on a series of antlers of different
ontogenetic stages. The holotype of this species is a basal fragment of a shed antler Nr. 37-1 (IZU)
from the early Pliocene deposits of the Kuchurgan River (Ukraine). Korotkevich (1970) assigned
several fragments of lower mandibles with molarized P4 and molars lacking the Palaeomeryx fold
to P. kutchurganicus, and pointed out a set of characteristics that distinguish it from Procapreolus,
including the more robust antler with a comparatively low position of the first tine, the presence
of an anterior groove on the antler, the short pedicle, and the lack of Palacomeryx fold.

The ontogenetic development of antlers was suggested by Korotkevich (1970) as an
important character distinguishing Pliocervus and Procapreolus. According to the cited author, in
Pliocervus the first tine develops before the distal bifurcation, while in Procapreolus the distal
bifurcation appears before the first tine. However, this type of juvenile antler can also be seen in
Procapreolus (Korotkevich, 1970: p. 116, fig. 43d; 1988: p. 68, fig. 33b), and even in modern
Capreolus capreolus (Croitor and Stefaniak, 2009). Thus, the difference in ontogenetic
development of antlers between Pliocervus kutchurganicus and Procapreolus may not be a good
argument. Since the diagnostic characters of P. kutchurganicus established by Korotkevich (1970)
fall within the morphological variation range of P. moldavicus from Weze-1, we consider that P.
kutchurganicus is a junior synonym of P. moldavicus (Croitor, 2018b).

Pliocervus karabastuzikus Abdrakhmanova, 1974 is another species that is poorly known,
as it is based solely on a two-tined antler from Eastern Kazakhstan that does not exhibit any clear
similarity to Pliocervus matheroni. Pliocervus turoliensis, a new species described by Azanza
(2000), is also based on fragments of antlers and pedicles that are very poor in quality and do not
display any clear diagnostic features of Pliocervus.

The dentition, antlers, and orientation of pedicles of Pliocervus matheroni show main
morphological characteristics similar to those of Late Miocene Paviodaria orlovi from the
Hipparion fauna of Pavlodar, Kazakhstan. Korotkevich (1970) has reasonably suggested a
similarity in antler construction between Paviodaria orlovi (= Cervavitus orlovi according to
Korotkevich 1970, page 62) and Pliocervus matheroni. The deer from Pavlodar is distinguished
only by more advanced morphology of the molarized P4 and flattened antlers. Taking into
consideration the basicranial morphology, Vislobokova (1980) regards the cervid from
Kazakhstan as the earliest representative of the New World cervid lineage. Therefore, the genera
Pliocervus Hilzheimer, 1922 and Pavlodaria Vislobokova, 1980 are likely very close or even

synonymous, and this observation is important since it implies the belonging of Pliocervus to the
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subfamily Capreolinae. If we keep the genus Paviodaria, the genus Pliocervus should be restricted
to the type species Pliocervus matheroni.

Azanza (2000) cites the divergent pedicles in Pliocervus as a differential diagnostic
character that contrasts with the parallel pedicles of Procapreolus. However, this statement is
erroneous because the type material from Cucuron shows a parallel orientation of pedicles in
Pliocervus matheroni, while the pedicles of Procapreolus moldavicus from Weze are rather
divergent, as in modern Odocoileus.

Cervavus rutimeyeri Schlosser, 1903 from the Late Tertiary of Mongolia and China
exhibits a striking similarity in antler morphology to Pliocervus matheroni. C. rutimeyeri shares
with P. matheroni the simple morphology of P4 but lacks the Palaeomeryx fold that is present in
P. matheroni (Schlosser, 1903, 1924). This indicates a Late Miocene radiation of cervids in North
Asia that includes Pliocervus matheroni, Pavlodaria orlovi, and Cervavus rutimeyeri, with the
most advanced form being P. orlovi with flattened antlers and molarized P4 in Central Asia.
Although the genera Pliocervus, Pavlodaria, and Cervavus are maintained in this work, the
distinguishing characteristics of those forms are typically used to differentiate between cervid
species.

The taxonomical status of Megalocerotini Brookes, 1828. Viret (1961) proposed that the
giant deer be placed in a separate tribe, Megacerini, based on the genus Megaceros Owen, 1844.
This point of view has been accepted and defended by Vislobokova (1990, 2009, 2012a, 2012b,
2013) and di Stefano and Petronio (2002). However, Lister (1987) argued that the genus name
Megaloceros Brookes, 1828 should have priority over Megaceros Owen, 1844, and this viewpoint
has been widely accepted. Later, Lister (1994) substituted Megacerini Viret with Megalocerini and
suggested that Dama might be the only surviving genus of this tribe. Abbazzi and Masini (1996)
quoted Lister's tribe name as Megalocerini Viret, 1961.

While Vislobokova (2009) accepts the genus name Megaloceros, she continues to use the
tribe name Megacerini based on Megaceros. However, Grubb (2000) has pointed out that
Megacerini Viret, 1961 is a junior synonym of Megalocerotinae Brookes, 1828, and that the correct
name for the tribe should be Megalocerotini Brookes, 1828. According to Grubb (2000), the genera
Praemegaceros, Megaceroides, Megaloceros, and Sinomegaceros belong to the tribe Cervini
Goldfuss, 1820, and in this case, Megalocerotini Brookes, 1828 should be regarded as a synonym
of Cervini Goldfuss, 1820

The taxonomic unit of the tribe Megacerini Viret, 1961 quickly emerged as a grouping for
large Old World fossil cervids with unclear phylogenetic relationships and their assumed smaller

relatives. Some researchers accepted this taxonomic group in its broad sense (Czyzewska, 1968;
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Lister, 1987; Vislobokova, 1990, 2009; Di Stefano and Petronio, 2002). Vislobokova (1990, 2009,
2012, 2013) identified the giant deer as a distinct and well-defined phylogenetic group of cervines,
and included up to 11 genera from Eurasia and Mediterranean islands with a geological range from
the Late Miocene to the Early Holocene within the tribe Megacerini.

Vislobokova (1990, 2009, 2012, 2013) identified eight genera belonging to the tribe of
giant deer: Megaloceros, Praemegaceros, Sinomegaceros, Praesinomegaceros, Praedama,
Orchonoceros, Arvernoceros, and Neomegaloceros. However, this list represents an eclectic
group, including forms from various phylogenetic stocks, as well as poorly understood cervid
forms, like Neomegaloceros gracilis (Croitor, 2006a, 2016).

Radulescu and Samson (1967) and Azzaroli and Mazza (1992, 1993) suggest that
Eucladoceros may be a primitive forerunner of Praemegaceros, citing similarities in the general
construction of antlers. Furthermore, Praemegaceros shares essential cranial characteristics and
antler morphology with Fucladoceros, and a direct phylogenetic relationship between the two
genera is accepted by many authors (Radulesco and Samson, 1967; Azzaroli, 1979; Azzaroli and
Mazza, 1993; Abbazzi, 2004; Croitor, 2006a, 2014).

Earlier, Croitor (1997) suggested grouping Praemegaceros, Eucladoceros, and
Orchonoceros together in the tribe Eucladocerini. However, based on current knowledge, this
taxon is now considered a synonym of Cervini Goldfuss, 1820.

The proposed close phylogenetic relationship between Megaloceros and Praedama is
based on a single morphological feature: the flattened basal tine (Azzaroli, 1953; Vislobokova,
1990; van der Made and Tong, 2008). However, several morphological characteristics of
Praedama require further investigation before its close relationship to giant deer can be confirmed.
While the flattened proximal part of the basal tine in Praedama savini (as the complete basal tines
are unknown) may support the hypothesis of a close relationship between Megaloceros and
Praedama, it is also a characteristic feature of FEucladoceros dicranios (Croitor, 2018b).
Additionally, the dental and mandibular remains of Praedama from Cueva Victoria do not show
any evidence of cingulum in upper molars, nor any clearly expressed mandibular pachyostosis
(van der Made, 2014). The skull morphology of Praedama is currently unknown, and well-
founded arguments on the phylogenetic relationships of this genus are missing. Further
craniological material may provide a clearer understanding of the systematic position and
phylogenetic relationships of Praedama.

The proposed tribe Megalocerotini (= Megacerini) sensu lato as suggested by Vislobokova
(1990, 2009, 2013) is a polyphyletic group that includes lineages not only from the subfamily

Cervini but also from the subfamily Capreolini. Most of the cervid forms included in this tribe by
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Vislobokova represent a unique eco-evolutionary type of open landscape giants with large antlers
(Megaloceros, Praemegaceros) that have no modern analogues, as well as forest/woodland giants
with smaller antlers (Sinomegaceros) that are similar to the eco-evolutionary type of modern Alces
alces.

To accurately define the tribe Megalocerotini Brookes, 1828 sensu stricto, it should be
limited to the genera Megaloceros, Megaceroides, and Dama. However, a reliable differential
diagnosis of the tribe is difficult in this case since the representatives of those three genera are
highly specialized. Grubb (2000) grouped all Old World deer with small or missing upper canines
and large complicated antlers into the single tribe Cervini Goldfuss, 1820. The tribe Cervini
Goldfuss, 1820 could possibly be restricted to the phylogenetic branch of Cervus and related
genera (or subgenera) Hyelaphus, Rusa, Panolia, and Przewalskium, since this cervid group shares
similar cranial and dental characteristics, such as the presence of small upper canines and a narrow
triangular basioccipital. Additionally, genetic analysis revealed their monophyly (Pitra et al.,
2004).

The phylogenetic position of Megaloceros, commonly known as the giant deer, has been
the subject of extensive debate among researchers. Several hypotheses have been proposed over
the years, and various studies have produced conflicting results.

Early researchers, such as Owen (1846) and Reynolds (1929), proposed that Megaloceros
was closely related to the modern fallow deer, Dama dama. This proposition was supported by
some molecular phylogenetic studies, which revealed that the fallow deer is the extant cervid
species most closely related to Megaloceros, despite an evolutionary divergence that occurred
between 4-5 million years ago (Lister et al., 2005), or potentially even as far back as 10.7 million
years ago (Hughes et al., 20006).

In contrast, Lonnberg (1906) suggested that Megaloceros was related to Rangifer, or the
reindeer, due to a unique cranial characteristic that both species share - an ossified vomer that
divides the posterior nares into two separate passages. However, this hypothesis is not widely
supported in the literature.

Heintz (1970) proposed that Rucervus (Arvernoceros) ardei, a fossil deer species from the
Pliocene or Perrier-Etouaires in France, was a likely forerunner to Megaloceros. This hypothesis
was based on shared morphological features between the two species, such as the cingulum in
upper molars, the accessory prong on the somewhat flattened basal tine, and the development of
distal palmation.

Despite these proposals, the systematic position of Megaloceros remains uncertain, and

further research is required to elucidate its evolutionary relationships with other fossil deer species.
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The taxonomical problem of Megaceroides and Praemegaceros. The nomenclature of
the "verticornis group" has long been a subject of debate. Kahlke (1956) proposed the creation of
a new genus, Orthogonoceros, with Cervus verticornis Dawkins, 1872 as the type species.
Subsequently, Kahlke (1965) designated Praemegaceros Portis, 1920 as the genus name, with
Cervus dawkinsi Newton, 1882 from the Middle Pleistocene of England as the type species.
Ambrosetti (1967) proposed Megaceroides Joleaud, 1914 as an alternative genus name for the
arbitrary "verticornis group," with Cervus algericus Lydekker, 1890 from North Africa as the type
species and as a subgenus within the genus Megaceros. Azzaroli and Mazza (1992, 1993) later
elevated the Megaceroides taxon to the genus level. Both Megaceroides algericus and
Praemegaceros dawkinsi are difficult species to typify at the genus level, as they represent stunted
endemic forms with restricted geographical distribution. Radulescu and Samson (1967) recognized
several genera within the "verticornis group" and, in addition to Praemegaceros Portis, they
proposed two new genera: Allocaenelaphus, with the type species Allocaenelaphus arambourgi
(now a junior synonym of Praemegaceros obscurus [ Azzaroli, 1953]: Croitor and Bonifay, 2001),
and Psekupsoceros, with the type species Psekupsoceros orientalis (now a junior synonym of
Praemegaceros pliotarandoides [de Alessandri, 1903]: Croitor and Kostopoulos, 2004).
According to the Romanian authors, the newly proposed genera represent the early evolutionary
stages of mainland large-sized deer.

Hadjouis (1990) conducted a systematic review of Megaceroides algericus from the Late
Pleistocene and Early Holocene of North Africa, revealing a marked morphological distinction
between this African deer and the verticornis-like cervids of Europe and the Mediterranean
"dwarfed megacerines." According to Hadjouis (1990), M. algericus, which displays strong cranial
pachyostosis, exhibits morphological features that are similar to those of Asian Sinomegaceros.
The distinct and poorly understood adaptations of the African deer, with a very broad skull and
particularly small teeth, create an inaccurate impression of the heterogeneity of fossils attributed
to M. algericus (Croitor, 2004). The craniodental morphology of the endemic M. algericus is
highly specialized, and therefore this cervid cannot serve as a type species for any genus of fossil
European deer (Croitor, 2016). Therefore, Praemegaceros is the only acceptable genus name for
the arbitrary "verticornis group" (Croitor and Bonifay, 2001).

The genus Praemegaceros is suggested to be a paraphyletic group that consists of three
closely related sister lineages. These include the subgenus Praemegaceros Portis, 1920,
comprising of the species P. obscurus — P. dawkinsi (Croitor, 2004; Croitor, 2006a); the subgenus
Orthogonoceros Kahlke, 1956, consisting of the species P. pliotarandoides — P. verticornis

(Croitor and Kostopoulos, 2004); and a third lineage that includes two sister species, P. solilhacus
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and P. cazioti. In this paper, we designate the third lineage as the subgenus Nesoleipoceros
Radulesco and Samson, 1967. The position of these species among other Pleistocene large-sized
European deer has remained uncertain for a considerable period.

Although Azzaroli (1979) placed P. solilhacus in the “verticornis group,” the possible
relationship between this deer and other representatives of this group has yet to be fully
understood. Azzaroli and Mazza (1993) suggest that P. solilhacus is a sister species of the
boldrinii-verticornis lineage, which is believed to have developed in parallel from a common
ancestor. Abbazzi and Masini (1996) proposed a phylogenetic relationship between P. solilhacus
and the small-sized P. dawkinsi from England, based on the similar reduction of proximal tines in
both species. Van der Made (1999) speculated that P. dawkinsi is merely a diminutive variant of
P. solilhacus.

The origin of P. cazioti has also remained a mystery for a long time. Depéret (1897)
considered this insular deer to be the last survivor of the genus Eucladoceros. Radulescu and
Samson (1967) suggested that P. cazioti is a descendant of a primitive mainland Praemegaceros,
while Azzaroli (1961, 1979) believed it to be a stunted descendant of a giant mainland verticornis-
like form with simplified antlers.

The taxonomical problem of “Dama-like” deer. The systematic position of small-sized
cervines with simple three-pointed antlers remains contentious. De Vos et al. (1995) classified
Metacervocerus pardinensis and Metacervocerus rhenanus as members of the genus Cervus,
whereas Pfeiffer (1999) placed them in the genus Dama. However, the skull shape of M. rhenanus
is too primitive to be included in either Dama or Cervus. In contrast to D. dama, the pedicles of
Metacervocerus are longer and sloped backwards, the braincase is relatively long and little flexed,
and the bullae tympani are relatively smaller (Croitor, 2006b). Unlike Cervus elaphus, M.
rhenanus is characterized by a relatively longer braincase and a shorter orbitofrontal portion, the
relatively longer nasal bones that extend behind the line connecting the anterior edges of orbits,
the broad bell-shaped basioccipital, the larger bullae tympani, and the absence of upper canines.

Di Stefano and Petronio (2002) included M. rhenanus and M. pardinensis in the modern
genus Rusa; however, this viewpoint is not supported by cranial morphology. Unlike
Metacervocerus, Rusa is characterized by short nasal bones that do not reach the level of the
anterior margins of orbits, small bullaec tympani, and narrow basioccipital (like Cervus), and it
possesses upper small canines (like Cervus) that should be regarded as a primitive character
(Flerov, 1952). Therefore, Metacervocerus and Rusa-Cervus represent two different evolutionary
lineages of Cervinae distinguished by an incompatible mosaic combination of primitive and

advanced characters. The analysis of bony labyrinth morphology carried out by Mennecart et al.
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(2017) confirmed the hypothesized sister phylogenetic relationship of M. rhenanus (= M. philisi)
with the modern Axis axis proposed by Croitor (2014).

The history of the genus Dama remains poorly understood due to taxonomic confusions
and conflicting opinions regarding the systematics of the small cervids that existed during the
European Pliocene and Early Pleistocene, also referred to as the "Dama-like deer" (Di Stefano and
Petronio, 1998). This informal group includes various Pliocene and Early Pleistocene deer that
had a body size comparable to that of modern fallow deer and bore three- or four-pointed antlers.
The primary source material for these "Dama-like" deer comes from antler remains from the Early
Pleistocene at Upper Valdarno, Italy.

Pfeiffer (1999) proposed a phylogenetic reconstruction of small-sized "Dama-like" deer
from the Early Pleistocene of Europe based mainly on morphological characters of the postcranial
skeleton. The primary criteria for character selection were the low variability of the considered
characters, including the ontogenetic variability and sexual dimorphism, and the distinct
differentiation of the morphological character state (Pfeiffer, 1999). However, postcranial
morphology in ruminants is known to be highly influenced by factors such as body mass,
locomotion type, character of landscape, and character of the ground surface (Flerov, 1950;
Gambarian, 1972; Sutula, 1990; Caloi and Palombo, 1991; Koéhler, 1993; Curran, 2012). The
cladogram obtained by Pfeiffer (1999: fig. 145) groups Axis axis, Cervus elaphus, and the stunted
fallow deer from the Early Pleistocene of Pirro Nord (Italy) on one side and C. nestii, M. rhenanus,
and most Dama species (including D. dama, D. mesopotamica, and D. clactoniana) on the other
side. However, Pfeiffer's (1999) results contradict genetic studies (Douzery and Randi, 1997;
Randi et al., 1998; Gilbert et al., 2006). Furthermore, Eucladoceros is considered quite distant
from C. elaphus, as per Pfeiffer (1999), but this is contradicted by the recent results obtained by
Mennecart et al. (2017).

Di Stefano and Petronio (1998) conducted a similar hierarchical cluster analysis based on
morphological features of postcranial bones but obtained different results: C. nestii is closely
associated with D. eurygonos and A. axis, while M. rhenanus is associated with D. clactoniana
and Rusa unicolor.

Reliable morphological characters are essential for taxonomic and phylogenetic research.
However, it is important to be aware of the limitations of some cranial characters, such as the
splanchnocranium. For example, the splanchnocranium can be greatly influenced by factors such
as dietary adaptations, specific environmental conditions, allometry, insular paedomorphism, and
other factors (Flerov, 1952; Solounias and Moelleken, 1993; Janis and Ehrhardt, 1988; Geist,

1998). Therefore, caution should be exercised when using these characters in taxonomic and
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phylogenetic analyses. The accuracy and completeness of the morphological database are essential
for conducting reliable multivariate analyses. In this study, we propose giving special attention to
the selection and documentation of the morphological characters used for the diagnoses of cervid
taxa (Brooke, 1878; Lydekker, 1898; Flerov, 1952; Azzaroli, 1953; Sokolov, 1959; Heintz, 1970;
Korotkevich, 1970; Bouvrain et al., 1989; Bubenik, 1990; Vislobokova, 1990; Azanza and
Montoya, 1995; Danilkin, 1999; Azanza, 2000; Webb, 2000; Croitor, 2006b, 2018a, b; Gustafson,
2015).

The taxonomical issues of the genus Procapreolus. The genus Procapreolus was
proposed by Schlosser (1924) to describe small-sized deer with three-pointed antlers similar to
those of modern roe deer. While a formal definition of this new genus was not provided, Schlosser
included Procapreolus in the arbitrary "Capreolus group." Procapreolus is distinguished from
modern roe deer (Capreolus capreolus) by the development of the Palaeomeryx fold in lower
molars (Schlosser, 1924). Schlosser (1924) explicitly included two species in Procapreolus:
Procapreolus latifrons Schlosser, 1924 from the Late Tertiary of Olan Chorea, Inner Mongolia,
and Cervavus ruetimeyeri Schlosser, 1903 (spelt as Cervavus riitmeyeri in Schlosser, 1924) from
the Late Neogene of Mongolia and China. Although Schlosser (1924) noted a striking resemblance
of P. latifrons with Cervus cusanus Croizet and Jobert, 1828 from the Pliocene of Perrier-Etouaries
(France), the latter species was not included in Procapreolus. Similarly, while Schlosser (1924)
mentioned Cervus (Palaeaxis) loczyi Pohlig, 1911 from the Late Miocene of Pannonia, it was
included in Capreolus. Schlosser (1924: 75) thus suggested that Procapreolus from [Inner]
Mongolia "was certainly somewhat related to Capreolus loczyi Kormos" (sic). A more detailed
analysis of the relationships among these taxa is needed to clarify their phylogenetic positions.

Korotkevich (1963) was the first to review the genus Procapreolus, designating
Procapreolus latifrons as the type species and including in Procapreolus the new species
Procapreolus ucrainica (Procapreolus ucrainicus according to the ICZN Article 31.2 “Agreement
in gender”) from the Late Miocene of Ukraine. In the same study, Korotkevich (1963) excluded
Cervavus ruetimeyeri from Procapreolus because the shape of its antlers did not correspond to the
genus diagnosis provided by Korotkevich (1963). Subsequently, Korotkevich (1970) included in
Procapreolus the poorly known species Cervus (Palaeaxis) loczyi, which was not discussed in her
previous work, as well as Cervus cusanus Croizet and Jobert, 1928, and Cervocerus wenzensis
Czyzewska, 1960. In light of this nomenclatural act by Korotkevich (1970), Procapreolus
Schlosser, 1924 becomes a junior synonym of Palaeaxis Pohlig, 1911 according to the principle

of priority.
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However, the sample of fragments of antlers and frontal bones described by Pohlig (1911)
is mixed and represents several ontogenetic stages of antler development of a cervid form that is
different from Procapreolus. The proximal fragment of antler figures on the Table VI is very
robust and resembles Neomegaloceros gracilis Korotkevich, 1971 from the Late Miocene of
Ukraine. The fragment of the frontal bone with a short and robust pedicle (Pohlig, 1911: tab. VI,
fig. 3) also matches the morphological condition seen in Neomegaloceros gracilis. Therefore, at
least a part of the original material of Palaeaxis loczyi cannot be included in Procapreolus.

Dong and Ye (1997) have questioned the validity of Procapreolus latifrons, suggesting
that it is a variation of “Cervavitus novorossiae” from the Late Neogene of China. However,
according to the generally accepted opinion, the Late Neogene cervid remains from China
attributed to Cervavitus novorossiae are poorly understood and distinct from the original Late
Miocene findings of this species from southeastern Europe (Azzaroli, 1953, 1992; Czyzewska
1968; Di Stefano and Petronio, 2002). The unresolved taxonomic issues have led to cautious use
of the genus name Procapreolus, which potentially could be polyphyletic (Croitor and Stefaniak,
2009; Croitor, 2014). Thus, a detailed taxonomic study is required to resolve the validity of
Procapreolus.

The original description of Procapreolus latifrons by Schlosser (1924) is detailed and
provides a comprehensive description of this species. The diagnosis is based on a series of
fragmented antlers, each showing a uniform specific morphology (Schlosser, 1924). The type
specimen (Schlosser, 1924: p. 76, fig. 4 C) is characterized by a thin beam with a diameter of 25
mm and a comparatively high position of the first ramification, approximately 95 mm above the
burr. The proximal part of the antler lacks pearling and tubercles, an important morphological
characteristic that distinguishes antlers of Procapreolus from those of modern Capreolus. The
frontal bones are broad, with a breadth of 45 mm in the type specimen, and flat. The pedicles are
gently compressed anteroposteriorly and are quite long. The cross-section of the antler beam is
nearly circular, and antler beams are strongly curved outwards and backwards (Schlosser, 1924).
The length of an antler tine may reach 115 mm. The fact that P. latifrons was based on a series of
antler remains rules out the possibility that the type specimen is just an individual random variation
of the antler. The basal fragments of antler from the Hipparion fauna of China reported by
Schlosser (1903: tab. XI, fig. 30) as Cervus sp. most probably also belong to P. latifrons. Another
finding from the Hipparion fauna of China is worth mentioning here, namely the antlered braincase
and antler fragments of a small-sized cervid figured by Zdansky (1925: P1. VI; PL. V, fig. 5) that
show a great morphological affinity with Procapreolus. Additionally, Metacervulus mongoliensis

Vislobokova, 1983, a small-sized cervid form from the Pliocene deposits of the Great Lakes
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Depression, Mongolia (Vislobokova, 1983), is interesting in this context. This cervid shows a close
morphological affinity with the type specimen of P. latifrons and is indeed very close to P.
latifrons, if not synonymous with it. Therefore, remains of small-sized deer with a morphology
that is specific for Procapreolus (long thin beam with circular cross-section and a very high
position of the first ramification) are relatively common in the Late Tertiary of China and
Mongolia.

The dental remains found in association with P. latifrons antlers correspond to the
diagnosis of the genus Procapreolus as proposed by Korotkevich (1963, 1970). The upper canines
are large, reaching at least 50 mm in length. The fourth lower premolar (P4) is characterized by an
advanced molarization, and the lower molars are enforced with ectostylids and an anterior "fold
of compression" (Schlosser, 1924). The absence of the Palaecomeryx fold in the lower molars of
P. latifrons does not preclude the inclusion of the European forms in Procapreolus since the
Palaeomeryx fold follows a trend toward reduction in P. moldavicus (Croitor and Stefaniak, 2009)
and is completely lost in P. cusanus (Heintz, 1970). Therefore, Procapreolus Schlosser, 1924
should be considered a valid genus based on the species P. latifrons.

At least seven species of Procapreolus have been identified from the Late Miocene and
Pliocene of Europe. Despite their similar antler morphology, they can be differentiated based on
their dental characteristics, such as the presence of a cingulum in upper molars and a Palaeomeryx
fold in lower molars (Croitor, 2018b). In Western Europe, Procapreolus pyrenaicus (Depéret,
1890) has been found in the Early Pliocene of Roussillon (France) and P. cusanus (Croizet and
Jobert, 1828) in the Early Villafranchian of France and Italy (Heintz, 1970; Abbazzi et al., 1995;
Dong, 1996). P. cusanus is unique among the species in the genus due to its flattened antlers,
which may have up to five tines in rare cases (Heintz, 1970). In Eastern Europe, remains of
Procapreolus have been found, including P. ucrainicus Korotkevich, 1963 (= P. ukrainicus
Korotkevich, 1965, an unjustified emendation of the species name) from the Late Miocene of
Ukraine, P. florovi Korotkevich, 1974 from the final stage of the Miocene of Ukraine
(Korotkevich, 1974b), P. pentelici (Dames, 1883) (= Pliocervus graecus Azanza, 1995) from the
Turolian-Ruscinian boundary of Pikermi and Maramena, Greece (Azanza, 1995), P. vesti
(Korotkevich, 1970) (= Pliocervus kutchurganicus vesti Korotkevich, 1970) from the mixed
Pliocene fauna of the Kosiakinsky Quarry (Ciscaucasia, Russia), and P. moldavicus (Janovskaya,
1954) from the Pliocene of Eastern Europe (Croitor and Stefaniak, 2009).

The systematical position and phylogenetic relationships of Arvernoceros. The genus
Arvernoceros was first proposed by Heintz (1970) to include Cervus ardei Croizet and Jobert, 1828

from the Late Pliocene of France. Arvernoceros ardei is characterized by its highly distinctive

52



antler morphology, which features a flattened first tine with an accessory prong and a small distal
palmation terminated with three tines. Heintz (1970) suggested that A. ardei is a forerunner of M.
giganteus due to the flattened basal tine and the strong development of the lingual cingulum in
upper molars, which are traits that are also associated with the latter species.

Arvernoceros verestchagini David, 1992, which has been found in the Early Pleistocene of
Moldova, exhibits a similar antler morphology as A4. ardei, but is notably larger and does not
feature distal antler palmation. Van der Made and Tong (2008) have noted that the overall pattern
of antler construction in Arvernoceros is reminiscent of that seen in Sinomegaceros. According to
Croitor (2009, 2018a), the antler shape of Arvernoceros is highly similar to that of Rucervus, a
modern deer genus. Genetic evidence indicates that Rucervus duvaucelii diverged very early from
the main group of Old World deer (together with Axis axis) during the Late Miocene (Pitra et al.,
2004).

Systematical position of Eucladoceros. The phylogenetic relationships of Eucladoceros
have long remained unclear. In general, the origin and phylogenetic relationships of the genus
Eucladoceros, which is characterized by a unique comb-like antler shape, have received relatively
little attention from researchers. Flerov (1952) initially proposed that Eucladoceros could be a
forerunner of large-sized Quaternary cervid genera such as Megaloceros, Cervalces, and Alces,
but this viewpoint was not supported by subsequent research. Although the antler morphology of
E. ctenoides bears some resemblance to that of the modern Przewalskium albirostris, caution is
needed when inferring evolutionary relationships based solely on antler shape. In this regard, I
previously argued that the similarity between Eucladoceros and Przewalskium may be superficial
and that the inclusion of Eucladoceros within the Przewalskium-Rusa-Cervus lineage is unlikely
(Croitor, 2014). However, recent studies examining the morphology of the body labyrinth have
revealed a close affinity between E. ctenoides and Cervus elaphus (Mennecart et al., 2017).
Consequently, it is highly probable that there exists a close evolutionary relationship between
Eucladoceros and Przewalskium.

The poorly known continental fossil deer. Only one specimen of the poorly known
Neomegaloceros gracilis Korotkevich, 1971 has been found so far from the Late Miocene of the
Odesa Region, Ukraine. Korotkevich described this species as a forerunner of Praemegaceros
verticornis, as its antler exhibits distal palmation and an additional tine, which was interpreted as
a homolog to the posterior tine in Praemegaceros. However, the general antler shape of
Neomegaloceros shows no similarity to Praemegaceros, and the distal palmation is only present

in advanced forms of Praemegaceros. The functional significance of the so-called "posterior tine"
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needs to be understood, as it appears in several cervid lineages such as Rangifer, Megaloceros,
Praedama, and some Sinomegaceros.

Pseudalces mirandus Flerov, 1962 is another poorly understood ruminant from the
Pliocene of the Kosiakinsky Quarry in the southern part of European Russia, and is believed to be
one of the earliest giant cervid forms possibly related to the evolutionary radiation of
Alcinae/Alcini. The type specimen of P. mirandus is a fragment of a skull with a right upper tooth
row and frontal bone, with unknown antlers.

Tamanalces caucasicus Verestchagin, 1957 from the Early Pleistocene of the Tamani
Peninsula (south of European Russia) is based on a small fragment of the frontal bone with pedicle
and basal portion of antler. According to Vislobokova (1990), Tamanalces is an extinct branch of
true elks (Alcinae), but this assumption requires confirmation.

The systematic position of endemic insular deer. The endemic dwarfed deer from the
Pleistocene of the Mediterranean exhibit extreme dwarfism, as well as evolutionary simplification
and specialization of their antlers. This strong evolutionary specialization of antlers and cranial
morphology complicates the understanding of the origin of insular deer and their relationship with
continental forms. The phenomenon of insular dwarfism is summarized by Foster's Rule (Foster,
1964), which posits that on islands, large mammals evolve to smaller body sizes, whereas
mammals of small body sizes on islands typically enlarge. Insular dwarfism arises due to several
factors, including missing predator selective pressure in unbalanced island faunas lacking
terrestrial predators, the advantage of the high-density population of a small-bodied form over the
low-density population of a large-bodied form in the insular conditions, and the available
ecological niches in insular ecosystems that require a smaller body size (Foster, 1964; Sondaar,
1977, Caloi and Palombo, 1994).

Sondaar (1977) and van der Geer (2005) regarded insular dwarfism as a paedomorphic
phenomenon that is expressed in the relative increase of braincase, simplification of horns and
antlers (with consecutive change in their function), disproportional diminishing of the body, and
limb shortening. Due to the lack of pressure from terrestrial mammal predators, insular herbivores
acquire anterior orientation of orbits that achieves stereoscopic vision, reduce their olfactory
abilities, and completely lose the ability to run fast due to the increased limb stability and
simplification of the limb structure (van der Geer, 2005). Multiple studies of dwarfed island deer,
mainly from Mediterranean islands, have revealed a general evolutionary trend towards antler
diminishing and simplification, muzzle shortening, reduction of preorbital fossae and ethmoidal
openings, and decreased fast locomotion abilities (Azzaroli, 1961, 1979; Sondaar, 1977; Palombo,

1986; Caloi and Palombo, 1994; Croitor, 2001).
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Geist (1998) described another curious zoogeographic instance from modern South
American fauna. As the Neotropic fauna lacks effective pursuing predators, "South American deer
consequently evolved as small-bodied saltatorial runners with little endurance" (Geist, 1998: p.
110). The antlers of South American deer, as in insular dwarfed forms, are rather small, simplified,
vestigial or even vanished. These examples suggest that the isolation of islands is not the decisive
condition in the evolution of "island dwarfs".

The predominance of cervids among the insular Mediterranean herbivores is an interesting
fact that deserves special attention. The successful colonization of Mediterranean islands by bovids
is restricted to rather exceptional cases of Nesogoral from the Plio-Pleistocene of Sardinia, and
Myotragus from the Balearic Islands, which probably colonized the islands during the Messinian
crisis and became extinct just 6000-4000 years ago. According to obtained molecular data,
Mpyotragus has a basal position to the Ovis group (Lalueza-Fox et al., 2000). There are no instances
of successful island colonization by Perissodactyla. Instead, cervids repeatedly colonized many
Mediterranean islands and gave origin to many endemic insular forms.

According to Azzaroli (1961, 1971, 1979), the majority of deer species found on
Mediterranean islands belong to the "verticornis group" of the Megaceros Owen genus, while a
few island forms represent the modern genus Cervus. This viewpoint has been accepted by many
authors (Radulesco and Samson, 1967; Caloi and Malatesta, 1974; Caloi and Palombo, 1994;
Gliozzi and Malatesta, 1982; Palombo, 1986). Radulescu and Samson (1967) proposed to include
all island "megacerines" in a single genus Nesoleipoceros with the type species Cervus cazioti
Depéret, but this taxonomical solution is questionable as it suggests uniting several lineages that
colonized islands independently and evolved parallel (or even convergent) adaptations to insular
conditions. Kuss (1975) grouped deer species from eastern Mediterranean islands in the genus
Candiacervus, but their relationship with continental forms remains unclear. Gliozzi and Malatesta
(1982) accepted the generic name Praemegaceros for insular "megacerines" and included
Nesoleipoceros in the synonymy of Praemegaceros. According to the cited authors, the type
species of Nesoleipoceros differs from its mainland relatives only in size and some morphological
features correlated with size reduction. However, Gliozzi and Malatesta (1982) distinguished
another distinct lineage of dwarfed "megacerines" from the middle Pleistocene of South Italy and
the middle and late Pleistocene of Sicily (Praemegaceros calabriae and P. carburangelensis) and
placed them in the new subgenus Nofomegaceros. The short face and rounded, convex braincase
of the deer from Calabria and Sicily were regarded by Gliozzi and Malatesta (1982) as
paedomorphic characteristics accompanied by body size reduction. According to the recent

systematic revision carried out by Abbazzi et al. (2001), those cervids belong to the genus Dama.
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Thus, the taxonomic classification of insular deer species in the Mediterranean is a complex
and ongoing subject of study. While some authors have proposed various taxonomic solutions,
there is still much debate and uncertainty surrounding the systematic position of these species.

Continental endemic deer from the Pleistocene of Europe. The Pleistocene deer
endemic to Europe represents a significant paleobiogeographic feature of the western Palearctic.
As insular dwarfs, the continental endemics exhibit specialized and often simplified shapes of
antlers. The restricted geographic distribution of these cervids has a rather refugial character, and
their systematic position and phylogenetic relationships remain unresolved in most cases.

In the middle Pleistocene site of Lunel-Viel in the South of France, several antlers of a
medium-sized deer with unusual morphology were described as a new species Euctenoceros
mediterraneus by Bonifay in 1967. This deer was believed to be a Villafranchian survivor that
lived during the interglacial fauna of Southwestern Europe. Later, Rouzaud et al. in 1990 ascribed
two fragmented antlers from the late Middle Pleistocene deposits of L’Igue des Rameaux to
Euctenoceros mediterraneus, stressing the uncertain generic position of this species. The scarce
characters of the material used for the original description of the species "Euctenoceros"
mediterraneus did not provide sufficient morphological data to reveal its systematic position,
while the traits of antlers and pedicles available for observation clearly showed a strong
evolutionary specialization. The deer from Lunel-Viel is placed in the endemic genus
Haploidoceros according to Croitor et al. (2008).

Other endemic continental cervid forms include Praemegaceros dawkinsi from the Middle
Pleistocene of the Cromer Forest bed Formation in England, Praedama matritensis from the Late
Pleistocene of the Iberian Peninsula, and Rucervus radulescui from the Early Pleistocene of Valea
Graunceanului in Romania. The origin of these continental endemics is related to forerunners from
older faunas that survived in climate refugia.

The study of endemic fossil deer from the Western Palearctic presents a very interesting
and complex field that is still imperfectly understood. These insular dwarfs display specialized and
often simplified shapes of antlers, and their restricted geographic distribution has a rather refugial
character. The systematic position and phylogenetic relationship of many Pleistocene endemic
deer species from Europe remain unresolved, and further research is needed to clarify their
taxonomic status. The discovery of new species and the revision of old ones using modern
techniques such as hierarchical clustering can help to provide a better understanding of the

paleobiogeography of fossil deer and their evolutionary history.
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1.3. Conclusions to the Chapter 1

An overview of the history of systematic and taxonomic studies of fossil deer reveals
several issues that are yet to be resolved:

1. While the current classification of the Cervidae family into two subfamilies - Cervinae
and Capreolinae - was proposed in the late 19th century, many questions regarding the origins of
some modern groups (such as the telemetacarpal deer) and the systematic position of many fossil
species and taxa remain unclear or speculative (Croitor, 2021).

2. The systematic position of some fossil deer from the Late Miocene of Europe remains
unresolved, such as in the case of the genus Pliocervus, or speculative, such as with holometacarpal
deer included in the genus Cervavitus (Croitor, 2021a).

3. The taxonomical status and systematic position of the tribe Megalocerotini (=
Megacerini), also known as "giant deer," remains contradictory and requires resolution. The
unclear understanding of this group obscures the main features of the evolution of continental
Pleistocene Cervinae (Croitor, 2006a, 2016; 2021b).

4. The unresolved taxonomical and systematic issues of small-sized Cervinae from the
Pliocene and Early Pleistocene of Europe, known as "Dama-like deer", do not provide a complete
understanding of the early evolutionary stages of modern Palearctic genera (Croitor, 2006b;
Croitor and Robinson, 2020).

5. Poor knowledge of the origin of most of the Pliocene and Pleistocene genera of the
Western Palearctic (such as Arvernoceros, Eucladoceros, Praemegaceros, and Praedama) hinders
the understanding of biogeographic evolution at the continental scale, the understanding of modern
deer biodiversity origin, and the influence of climate change on the cervid biodiversity in the past

and the present (Croitor, 2018a, b, 2021Db).
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2. METHODOLOGICAL APPROACH TO THE STUDY OF CERVID SYSTEMATICS
AND PHYLOGENY

2.1. Revision of type specimens

The present investigation encompasses a set of 50 type specimens obtained from old
historical collections alongside supplementary samples originating from the type localities. An
exhaustive review of the type material, comprising holotypes, syntypes, lectotypes, and neotypes,
is complemented by a thorough examination of original species publication sources as well as
consequential nomenclatural acts such as revisions, taxonomical status changes, alterations of
genus and name combinations, and synonymy.
2.2. Methodological issues and applied research methods

The primary methodological challenge in the present study is the disparity in the
taxonomical and systematic approaches to the description of cervid species used by
palaeontologists and neontologists. The diagnosis of modern cervid species, and particularly
genera, relies heavily on cranial morphology (Pocock, 1942, 1943a, b, c; Flerov, 1952; Sokolov,
1959; Danilkin, 1999; Meijaard and Grooves, 2004). In contrast, definitions of the majority of
fossil deer taxa are primarily based on antler morphology (Azzaroli, 1953; Heintz, 1970;
Korotkevich, 1970; Pfeiffer, 1999; Di Stefano and Petronio, 2002). This methodological
discrepancy is due to the morphological uniformity of cervid craniological material and the relative
rarity of well-preserved skulls in the fossil record, making it difficult, if not impossible, to compare
modern and fossil cervid species and forms. Therefore, this study pays special attention to the
detailed description of cranial findings, particularly rare complete specimens. Where possible, the
proposed updated diagnoses are supplemented with craniodental characteristics to align the
taxonomy of fossil deer with the taxonomical standards in neontology.

The applied measurements follow the methodology proposed by von den Driesch (1976).
The angle between the neurocranium and splanchnocranium is measured according to
Vislobokova (1990). This paper uses generally accepted and well-known terminology (Heintz,
1970; Lister, 1987; Vislobokova, 1990), while avoiding the specific and lesser-known terminology
for dental and antler morphology proposed in recent publications. The estimation of body mass
used for eco-morphological descriptions of fossil cervid forms is based on craniodental
measurements according to the regression equations proposed by Janis (1990). The Cervid
systematics proposed by Groves (2005) and Groves and Grubb (2011) is applied in the present
study.

To estimate the functional length of the tooth row, the measurements of tooth rows are

taken as the maximal possible value, which is crucial for the evolutionary and morpho-functional
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approach. The measurements of isolated teeth are taken as the maximal mesiodistal crown length
(L) and lingual-labial breadth of the crown (D). The former often corresponds to the length of the
grinding surface of a tooth, while the latter represents the maximal basal breadth for upper cheek

teeth and the maximal breadth for lower cheek teeth.

Fig. 2.1. Cranial measurements applied in the present study

The cranial measurements used in the present work (Fig. 2.1):
1. The condylobasal length of the skull (CBL): the measurement is taken from the prosthion point

to the posterior edges of the occipital condyles.
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1a. The condylodental length of the skull (CBD): the measurement is taken from the anterior edge
of the P? alveolus to the posterior edges of the occipital condyles.

2. The length of the upper tooth row (L P2-M?): the measurement is taken from the anterior edge
of the P? crown to the posterior edge of the M? crown.

3. The length of the upper molar series (L M!-M?): the measurement is taken as the maximal value
(from the anterior edge of the M! crown to the posterior edge of the M* crown).

4. The length of the upper premolar series (L P?-P*): the measurement is taken as the maximal
value (from the anterior edge of the P? crown to the posterior edge of the P* crown).

5. The length of the anterior part of the skull before the tooth row (L P2-Pr): the distance between
the anterior edge of the alveolus of P? and the prosthion point.

6. The length of the posterior part of the skull (LPs): the distance between the anterior edge of the
alveolus of M? and the posterior edge of the occipital condyles.

7. The length of the braincase (LBr): the distance between the bregma point and the opisthocranion.
8. The occipital breadth (DOcp).

9. The occipital height (HO): measured from the basicranium to the opisthocranion.

10. The breadth of occipital condyles (DOC).

11. The length of face (LF): measured from the anterior edge of orbits to prosthion.

12. The length of the anterior part of the skull (LAnt): measured from bregma to the prosthion.
13. The skull breadth at M®> (DMM): the measurement is taken between the alveolar edges in the
middle of the right and left M>.

14. The skull breadth at P? (DPP): the measurement is taken between the alveolar edges in the
middle of the right and left P2.

15. The breadth of the muzzle (DMz): the measurement is taken behind the upper canines or the
suture between maxillary and premaxillary bones.

16. The maximal breadth at zygomatic arches (DZg).

17. The breadth above orbits (DO): the measurement is taken above the orbital centres.

18. The frontal breadth (DFr; in males only): the measurement is taken at the frontal constriction
before the pedicles.

19. The breadth of the neurocranium (DNr): the measurement is taken behind the pedicles in males
and as a maximal breadth of the braincase in females.

20. The diameter of the orbit (DOrb; vertical).

21. The length of the frontal suture (LFr): from bregma to nasion.

22. The length of the nasal suture (LNas): from nasion to rhinion.

23. The maximal length of the nasal bones (LNmax).
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24. The breadth of the nasal bones (DNas)

25. The anteroposterior diameter of the pedicle (DAPpd): measured at the upper part of the pedicle.
26. The lateromedial diameter of the pedicle (DLMpd): taken as the previous measurement.

27. The height of the pedicle (Hpd): the lesser measurement is taken at the posterolateral side of
the pedicle.

28. The breadth of the foramen magnum (DFM).
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Fig. 2.2. Mandible measurements applied in the present study

The measurements of the lower mandible used in the present work (Fig. 2.2):
1. The length of the lower tooth row (L P2-M3): the measurement is taken from the anterior edge
of the P2 crown to the posterior edge of the M3 crown.
2. The length of the lower premolar series (L P2-P4): the measurement is taken as the maximal
value (from the anterior edge of the P2 crown to the posterior edge of the P4 crown).
3. The length of lower molar series (L Mi1-M3): the measurement is taken as the maximal value
(from the anterior edge of the M1 crown to the posterior edge of the M3 crown).
4. The length of the horizontal mandibular ramus (LHR): measured from infradentale (alveolar
edge between the first incisive) to the posterior edge of the processus angulatus (angulus
mandibulae).
5. The length of the diastema (L P2-C): measured from the anterior edge of the alveolus of P2 to
the posterior edge of the alveolus of the lower canine (C).
6. The distance between P2 and the mandibular symphysis (L P2-Sym): measured from the anterior
edge of the alveolus of P2 to the symphysis of the mandible.
7. The distance between P2 and the foramen mentale (L P2-FM): measured from the anterior edge

of the alveolus of P2 to the foramen mentale.
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8. The distance between M3 and the posterior edge of the mandible (L M3-Post): measured from
the posterior edge of M3 to the posterior edge of the processus angulatus.

9. The height of the diastema (HD): the height of the lowest part of the mandible between P2 and
C.

10. The height of the mandible below P2 (H\P2): the height of the horizontal ramus of the mandible
is taken as the distance from the anterior edge of the alveolus of P2 to the point on the lower edge
of the mandible below P2 (the taken measurement is perpendicular to the lower edge of the
mandible).

11. The height of the mandible below Mi (H\M1): the height of the horizontal ramus of the
mandible is taken as the distance from the alveolus of M in the middle to the point on the lower
edge of the mandible (from the lingual side).

12. The height of the mandible below M2-M3 (H\M2-M3): the height of the horizontal ramus of the
mandible is taken as the distance from the alveolar edge between M2 and M3 to the point on the
lower edge of the mandible (from the lingual side).

13. The mandibular thickness below P2 (D\P2).

14. The mandibular thickness below M1 (D\M1).

15. The mandibular thickness below M2-M3 (D\M2-M3).

The measurements used in this study are consistent with the craniodental variables used by
Janis (1990) for body mass predictions. The estimated body mass of the fossil deer was calculated
as a rounded sum of the obtained body mass predictions based on different cranial and dental
measurements.

For small-sized deer, antler morphology is described using the terminology applied by
Heintz (1970) and Lister (1987). The first or basal tine is situated on the anterior side of the beam
close to the burr. In the case of the red deer (Cervus elaphus), the first brow and the second bez
tines are recognized. The next tine situated on the anterior side of the middle part of the beam is
called the middle tine (the trez tine in Cervus). The tine situated on the posterior side of the beam
is called the posterior tine, and the distalmost antler branches are called crown tines. The height of
the first antler ramification is usually taken from the lateral side, except when the antler beam is
curved, in which case the height of ramification is taken from the convex side of the beam.
Similarly, the length of segments (parts of the antler beam between two ramifications) is measured
from the convex side of the beam. The total antler length is measured along the antler beam from
the burr to the distalmost antler tine.

Several nomenclatural schemes designating antler tines and other morphological elements

in antlers of large-sized deer (genera Praemegaceros, Eucladoceros, Megaloceros) have been
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proposed in the literature (Kahlke, 1956; Radulesco and Samson, 1967; Azzaroli and Mazza, 1992,
1993; Croitor, 2006a). The idea of homology of antler tines in different genera (Kahlke, 1956;
Azzaroli and Mazza, 1992) is helpful in reconstructing phylogenetic relationships among extinct
cervid genera. The terminology used in this study is largely based on previous terminological
systems with some modifications (Croitor, 2006a). The antler tine situated just above the burr is
called the subbasal tine (= tine A: Kahlke, 1956; =tine 1; Radulesco and Samson, 1967; = spurious
tine: Azzaroli and Mazza, 1992). The second proximal tine situated on the medial side (or dorsal,
if the antler is oriented in the natural position on the skull) of the beam is called the dorsal tine (=
tine E: Kahlke, 1956; = tine 2: Radulesco and Samson, 1967; = outer tine in Praemegaceros, =
inner tine in Eucladoceros: Azzaroli and Mazza, 1992). The third proximal tine situated on the
anterior side of the beam is called the basal tine (= outer tine in Eucladoceros: Azzaroli and Mazza,
1993). The fourth tine situated on the anterior side of the beam is called the middle tine (= tine M:
Kahlke, 1956; = tine 3: Radulesco and Samson, 1967; = anterior tine: Azzaroli and Mazza, 1993).
The antler tine inserted on the posterior side of the beam is referred to as the posterior tine (= tine
4: Radulesco and Samson, 1967), while the tines situated above it are called the crown tines. In
the present study, the nomenclatural scheme for each type of antler is maintained for two reasons.
Firstly, the homology of antler tines in different cervid lineages is not yet proven, so unifying the
nomenclatures may give a false impression of their homological nature. Secondly, preserving the
nomenclatural schemes already used in the literature helps to avoid terminological confusion.
2.3. Morphological criteria of a genus

When selecting morphological criteria for a genus, it is important to consider the ecological
and functional significance of a morphological feature, as well as its evolutionary history. In
ruminants, limb bone morphology is influenced by environmental and biomechanical factors, and
is of minor interest in systematic studies at the genus and subgenus level (Vislobokova, 1990).
Postcranial morphology, on the other hand, is heavily influenced by factors such as the species'
ecology, locomotion strategy, landscape character, and body weight (Flerov, 1952; K&hler, 1993;
Croitor, 2006b; 2014).

In the systematics of modern and fossil deer, cranial morphology (excluding exosomatic
parts such as premaxillary bones, preorbital fossae, and relative size of tooth row) provides a set
of plesiomorphic characters that have taxonomic value at the genus level (Pocock, 1942, 1943a, b,
c; Flerov, 1954; Sokolov, 1959; Janis and Scott, 1987; Vislobokova, 1990). These characters
include: 1) proportions of the facial and cerebral parts of the skull; 2) shape of the parietal bones;
3) shape and relative length of the frontal bones; 4) position, orientation, and length of pedicels;

5) size, position, and shape of the orbits; 6) morphology and size of the ethmoidal openings; 7)
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position and length of the nasal bones; 8) position and shape of the frontonasal suture; 9) position
of the upper dentition row relative to the orbits; 10) shape of the basioccipitale; and 11)
morphology and proportions of the lower mandible (including the shape of the processus angularis
and the angle between the horizontal and ascending portions).

Dentition morphology is also commonly used as a morphological criterion at the genus
level. The following characteristics have been suggested by various authors (Schlosser, 1924;
Pocock, 1942, 1943a, b, c; Flerov, 1952, 1962; Heintz, 1970; Azzaroli, 1985; Janis and Scott,
1987; Vislobokova, 1990): 1) angle between labial and lingual slopes of upper molars, which is
correlated to tooth crown height; 2) presence or absence of upper canines; and 3) development of
Palacomeryx fold or presence of its traces. The molarization of the lower fourth premolar (P4) and
the length ratio between the lower premolar and molar series are also often used as morphological
criteria for the genus in cervid systematics (Vislobokova, 1990).

Janis and Lister (1985) noted a high level of individual variation in the fourth premolar (Ps)
among pecorans and recommended caution when using this character for taxonomy studies. For
example, the molarization of P4 in Cervus elaphus varies from 8% to 47% across different
populations. Although P4 appears to be quite variable in the subfamily Cervinae, the high
molarization of P4 remains relatively constant in some genera (Dama, Megaloceros) and may be
regarded as a genus-specific character in some cases. In contrast, the molarization of P4 is less
variable in the subfamily Capreolinae.

The premolar/molar ratio is widely used to characterize evolutionary specialization within
the subfamily Cervinae, where a relatively short series of premolars is considered an advanced
feature in the plesiometacarpal deer (Vislobokova, 1990). This evolutionary trend is often
accompanied by an increase in the grinding function of the cheek tooth row and a reduction in the
cutting function of the lower premolars. However, this pattern is specific to the subfamily
Cervinae; in Capreolinae, the premolar/molar ratio is relatively constant while the molarization of
lower premolars is highly advanced (Croitor, 2014). For example, P4 in Alces and Rangifer evolves
into a functional analogue of a molar, while P3 also evolves a degree of molarization, which further
enhances the grinding function of the lower cheek tooth row.

Therefore, the taxonomic significance of craniodental characters such as the molarization
of P4, molar/premolar ratio, and other cranial and dental features should be evaluated in the context
of other correlated characters and the broader systematic context of each cervid species.

The taxonomic significance of antler morphology is limited to the general pattern of antler

construction that is shared by the species within a given genus.
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2.4. Morphological criteria of a species

Species descriptions are typically based on exosomatic characters that are influenced by
intraspecific social interactions and environmental factors (Azzaroli, 1953, 1992; Flerov, 1952;
Vislobokova, 1990; Geist, 1998). In the case of cervids, important cranial and dental characters
include: 1) the relative length of the muzzle (premaxillary length and length of diastema); 2) the
shape of premaxillary bones; 3) the length of nasopremaxillary suture; 4) the size and degree of
development of preorbital fossae; 5) the size and shape of bullae tympani; 6) the shape and relative
length of frontal appendages (pedicles); 7) the development of the cingulum, the Palaeomeryx fold
and other additional enamel folds; 8) the ratio between premolar and molar tooth series length;
and 9) the molarization of lower fourth premolar (P4). These morphological features generally
reflect the ecological niche of a species (Pocock, 1942, 1943a, b, c¢; Janis and Scott, 1987).

Although cervid antlers are highly variable, they represent an essential organ of
communication that ensures genetic isolation between species. Details of antler morphology reflect
characteristic intraspecific signals of communication and a specific rutting behavior, serving as a
good genetic barrier between true species. As such, antler morphology is an important taxonomic
criterion for cervid species, with characters such as: 1) the direction, shape, and length of the antler
beam; 2) the number of tines; 3) the development of palmation; 4) the reduction of antler tines and
the general simplification of antlers; and 5) the development of specific tines (such as the middle
and posterior tines). Proportions of limb bones and body size are used in species definition only in
combination with these other characters (Flerov, 1952).
2.5. Cluster analysis of diagnostic characters

In this study, we utilized a multivariate cluster analysis of cranial, dental, and antler
characters to assess their taxonomic value and provide support for the systematic position of
extinct deer species. To achieve this, we computed the hierarchical clustering paired group
algorithm UPGMA using the Jaccard Similarity Index for presence-absence data (PAST-3
application: Hammer et al., 2001). Additionally, the cophenetic correlation coefficient was
calculated to determine how accurately the dendrogram reflects the original, unmodeled data
points (Farris, 1969).

Due to incomplete data on cranial morphology, we incorporated several assumptions in our
dataset, primarily by ascribing a primitive condition for missing morphological characters.

To distinguish between advanced and primitive conditions for morphological characters,

we employed the classification system proposed by Vislobokova (1990) in our cluster analysis:
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1) Shape of basioccipital: 0, wedge-shaped; 1, bell-shaped (broadened at the pharyngeal
tuberosities);
2) Upper canines: 0, absent (advanced condition); 1, present (primitive condition);
3) Pedicles: 0, long (pedicle height exceeds the pedicle diameter; primitive condition); 1, short
(pedicle height is smaller than, or equal to, the pedicle diameter; advanced condition);
4) Pedicles: 0, sloped backwards (primitive condition); 1, set vertically (advanced condition);
5) Terminal crown type: 0, absent, 1, present; this crown type is characteristic of modern red deer
(Cervus elaphus) that in its simplest variant represents a simple fork composed of two equally-
sized crown tines oriented in the rostral plane perpendicular to the axis body;
6) Posterior crown type: 0, absent, 1, present; this crown type is characteristic of modern fallow
deer (Dama dama) that in its simplest variant represents several tines inserted on the posterior side
of the beam,;
7) Length of nasal bones: 0, short (the posterior edge of nasals does not reach the level of the
anterior edges of the orbits; primitive condition); 1, long (the nasal bones extend behind the level
of the anterior edges of the orbits; advanced condition);
8) Cingulum on upper molars: 0, absent; 1, present (specialized dental morphology);
9) Protoconal fold on upper molars: 0, absent; 1, present (specialized dental morphology);
10) Position of the first antler ramification: 0, low (more or less equal to the antler base diameter);
1, high (significantly exceeds the antler base diameter);
11) Height of the cheek teeth crowns: 0, brachydont (primitive condition); 1, mesodont (advanced
condition);
12) Length of the orbitofrontal part of the skull: 0, short (the anterior edge of the orbit is situated
above M? or M?%; primitive condition); 1, long (the anterior edge of the orbit is situated behind M?;
the advanced condition in the Cervus lineage);
13) Braincase shape: 0, unflexed (primitive condition); 1, flexed (advanced condition).
14) Antler bauplan type: 0, “inadaptative” (the anterior tine of the second bifurcation is longer than
the posterior tine); 1, “adaptative” (the anterior tine of the second bifurcation is shorter than the
posterior tine).
2.6. Geochronology of Late Neogene and Quaternary

The present study is based on the updated geochronological timescale ratified by the
International Union of Geological Sciences in 2009. According to this timescale, the lower
boundary of the Quaternary period and the Pleistocene epoch boundary are lowered until the base
of the Gelasian Age at 2.58 million years ago (Gibbard and Head, 2009; Gibbard et al., 2010). The

Miocene/Pliocene boundary is established at 5.3 million years ago (Steininger et al., 1989).
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The geological timescale is subdivided into Mammal Neogene Faunal Zones (MN), a
broadly accepted biostratigraphic scale based on the European mammal paleontological record
(Mein, 1989). The biological events within the updated MN zones are fixed at the genus level with
an indication of the first and last occurrences of genera, and each MN zone is characterized by a
list of main genera (Mein, 1989). However, as Azzaroli (1992) noted, the MN zones lack the
flexibility needed for alterations and refinement with the progress of paleontological knowledge.
Nonetheless, the MN zones represent a handy tool when dealing with isolated fossiliferous sites
that cannot be connected to well-defined stratigraphic sections or are preserved without geological
time indication, such as fissure and cave fillings (Schmidt-Kittler, 1989).

The Plio-Pleistocene mammal faunal units of Europe represent a larger-scale biochron
system. The Ruscinian (MN14-15) and the Villafranchian (MN16-17) characterize the faunal
evolution of Southern Europe during the Pliocene and Early Pleistocene, respectively (Steininger
etal., 1989). Rook and Martinez-Navarro (2010) define the Villafranchian as a Mammal Age based
on the South European paleontological record, analogous to the mammal ages commonly used in
North America. The Villafranchian (from around 3.5 million years ago to about 1.0-1.1 million
years ago) is considered a useful tool for large-scale regional and continental chronological
correlations (Rook and Martinez-Navarro, 2010). Bellucci et al. (2015) regard the Epivillafrachian
(1.2-0.9 million years ago) as a self-contained biochron defining a transitional stage between the
Villafranchian and the Galerian. The Galerian Mammal Age, according to Bellucci et al. (2015),
includes the faunal units Ponte Galeria, Isernia, and Fontana Ranuccio, ranging from 0.8-0.75
million years ago to around 0.5 million years ago (Gliozzi et al., 1997; Petronio and Sardella,
1999). While the European Plio-Pleistocene Mammal Ages are based on the Italian and French
paleontological records, some of them (the Ruscinian and the Villafranchian) are applied to
Eastern Europe and Northern Asia as well (Pevzner et al., 1996; Vangengeim et al., 2005, 1998).
In the present work, the Ruscinian, the Villafranchian, and the Galerian are used as convenient
terms to define the paleobiogeographic affinity of fossil cervid forms, particularly in cases when

their exact age or stratigraphic provenance is unknown.
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2.7. Conclusions to the Chapter 2

1. The methodological approach employed in this study is based on neontological
taxonomic criteria and a rigorous taxonomic revision of fossil cervid taxa, which includes revising

type specimens, nominotypical taxa, and nomenclatural acts.

2. The primary objective of this approach is to ensure the taxonomic compatibility of fossil
and modern deer taxa. Given the limitations of the fossil record, the applied taxonomic criteria at

the genus and species levels tend to follow a "splitting" taxonomy approach.

3. A morpho-functional analysis of diagnostic characters is applied to evaluate their

taxonomic value.

4. To determine the systematic position of fossil deer taxa (species and genera) among
modern representatives of the family Cervidae, a hierarchical clustering paired group algorithm
(UPGMA) was computed using the Jaccard Similarity Index for presence-absence data of
diagnostic characters at species, genus, and family levels. This clustering method provides a means

to estimate the systematic relationships among the studied taxa.

68



3. SYSTEMATIC DIVERSITY OF TELEMETACARPAL DEER
(SUBFAMILY CAPREOLINAE BROOKES, 1820) IN WESTERN PALEARCTIC
3.1. Subfamily Capreolinae Brookes, 1828
Genus Lucentia Azanza and Montoya, 1995

Diagnosis. Small-sized deer with simple two-tined antlers. Pedicles are moderately long,
moderately inclined backward and somewhat divergent. Antlers are significantly longer than
pedicles, and slender, with a very high position of bifurcation composed of the stronger and longer
posterior tine and shorter anterior tine. The antler beam cross-section is irregularly-circular in its
proximal section and subtriangular in its distal part. The lateral frontal ridges between the pedicle
base and the orbital rim are not developed. The lower fourth premolar is molarized. Lower molars
with Palaeomeryx fold.

Type species. Lucentia iberica Azanza and Montoya, 1995.

Composition. Lucentia iberica Azanza and Montoya, 1995; Lucentia pierensis (Thomas,
1951).

Distribution. Late Miocene, Lower Turolian, (MN 11) (Azanza and Montoya, 1995).

Lucentia iberica Azanza and Montoya, 1995

Diagnosis. A small cervid similar in size to modern European roe deer. The antler beam is
bowed in the anteroposterior view with the distal portion pointed medially. The antler bifurcation
is situated above the butt at 2/3 of the antler length.

Holotype: the left shed antler MNCN/CR2-S-448 (Azanza and Montoya, 1995: fig. 2)
deposited at the Museo Nacional de Ciencias Naturales (Madrid, Spain).

Paratypes: the left partial ramus with P2-P4 MPV/CR2-4 (Azanza and Montoya, 1995:
figs. 5-3, 5-4) and other specimens (see Azanza and Montoya, 1995) stored at the Paleontological
Museum of Valencia.

Locus typicus. Creventille-2 (Alicante Province), Spain.

Stratum typicum. The early Turolian deposits of the Segura-Vinalopo basin at
Crevillente-2 (MN 11).

Distribution. Late Miocene, the Iberian Peninsula.

Description. Cranial remains of L. iberica are poorly known, resulting in limited
information on pedicle morphology. However, some general characteristics have been reported:
the pedicles are located at the neurocranial roof behind the orbits, similar to modern cervids. In the
better-preserved specimen MPV/CR2-S-30, the pedicle length is longer than 33.5 mm (Azanza
and Montoya, 1995).
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The antler base is circular, but the antler beam becomes slightly compressed lateromedially
soon above the burr. The burr is well-developed and medially inclined to the axis of the proximal
part of the beam. The antler beam is slightly compressed anteroposteriorly just above the burr and
becomes "semilunar" in cross-section below the ramification. Immediately above the bifurcation,
the cross-section of the stronger posterior tine is subtriangular (Azanza and Montoya, 1995: fig.
2). The type antler has a length of 196 mm when measured along the outer curve, with an
anteroposterior diameter above the burr of 19.8 mm and a lateromedial diameter of 22.6 mm. The
antler ramification is located 125 mm from the burr, and the length of the posterior branch is 71.0
mm. The angle of ramification is acute, varying from 35° to 45° in the Crevillente-2 sample
(Azanza and Montoya, 1995). The posterior branch slightly deviates caudally at the level of the
antler ramification. The general antler shape exhibits a certain degree of variation in the sample
from Creventille-2: antlers may be simply arched with inward curvature, like the type specimen,
or lyrated. Young antlers with well-developed burr are simple and unbranched, but in some cases,
the trace of further splitting may be recognized in the sharp crest on the anterior side of the distal
portion of the antler.

The upper cheek teeth of L. iberica are characterized by typical Capreolinae labiolingually
narrow crowns (Croitor, 2021). Upper molars may be supplemented with small entostyles and a
small protoconal fold, typical for many representatives of the subfamily Capreolinae (Azanza and
Montoya, 1995: fig. 4-10). Additionally, upper premolars may evolve additional inner enamel
folds on the posterior part of the tooth crown that corresponds to metaconule, and they frequently
have a small lingual cingulum (Azanza and Montoya, 1995: figs. 3-22, 4-6). The lower fourth
premolar (P4) is often highly molarized, but this character is variable in L. iberica. For instance,
P4 remains unmolarized in the mandibular fragment MPV/CR2-4 (Azanza and Montoya, 1995:
figs. 5-3, 5-4)

Lucentia pierensis (Thomas, 1951)

Synonymy:

1951 Eostyloceros pierensis sp. nov.: Thomas, p. 256, fig. 1.

Diagnosis. A small-sized deer similar in size to a large Muntiacus. Pedicles are long and
sloped caudally from the face. Antlers are thin, long, and exceed the length of the pedicle. The
height of antler bifurcation in mature individuals equals the length of the pedicle. The posterior
branch of antler bifurcation is significantly stronger and longer than the anterior branch and
represents a continuation of the main beam. The antler becomes compressed lateromedially in the
area of bifurcation and has a sub-rectangular shape of a cross-section. The cross-section of the

posterior branch is irregularly circular or ovoid. The lower fourth premolar (P4) is unmolarized.
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Neotype: the fragment of the right frontal bone bearing the almost complete antler IPS/V-
22 (Azanza and Montoya, 1995: fig. 6) stored at the Instituto de Paleontologia "M. Crusafont"
(Sabadell, Spain).

Locus typicus: Piera, Barcelona province, Spain.

Stratum typicum: ,,Pontic” deposits of Spain; Lower Turolian, zone MN 11 (Thomas,
1951; Azanza and Montoya, 1995).

Distribution: The Late Miocene of the Iberian Peninsula.

Description. The neotype's frontal bone lacks a bony ridge on the side that connects the
base of the pedicle to the posterior side of the orbit rim. The pedicle slopes caudally from the face
and is very long, with its anteroposterior diameter making up approximately 30% of its length.
The pedicle is 55.4 mm in length, with a distal anteroposterior diameter of 20.2 mm and a
lateromedial diameter of 17.3 mm. Its cross-section is oval due to moderate lateromedial
compression. The antler measures over 185 mm in length and has a bifurcation point positioned
very high above the burr (89.2 mm). The antler's anteroposterior diameter above the burr is 22.0
mm, and the lateromedial diameter is 21.1 mm. The basal segment of the antler has a cylinder
shape with an irregularly circular cross-section. At the level of the bifurcation, the antler cross-
section has a distinctive sub-rectangular shape. The posterior branch of the bifurcation is longer
than the beam segment between the burr and ramification, measuring over 114 mm. This branch
continues along the main axis of the antler without curving backward at the level of the
ramification. The distal part of the antler curves medially, and the cross-section of the posterior
branch is oval or sub-oval. The anterior tine measures 41.8 mm in length, and the angle of

ramification is 60° (Azanza and Montoya, 1995).

Genus Procapreolus Schlosser, 1924

Diagnosis: Small to medium-sized telemetacarpal deer with commonly three-pointed
antlers (up to 5 tines in exceptional cases) characterized by a high position of the first anterior tine
(more or less at 2 of the beam length) and a terminal fork oriented more or less in the parasagittal
plane. The antler beam is devoid of pearling and tubercles on its proximal part, with a regularly
circular cross-section. Pedicles are long (pedicle length measured on the posterolateral side
exceeds the pedicle diameter), slightly divergent and sloped backwards from the face, lying in the
plane of frontal bones. The distance between pedicles is large: the distance between pedicle bases
is ca. two-fold larger than the diameter of the pedicle. The lower premolar series is relatively long:

the premolar/molar length ratio varies between 62 and 71%. P4 is always molarized. Relatively
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large upper canines are present. Upper molars are supplemented with protoconal fold and
hypoconal enamel spur. Palaecomeryx fold or its vestige is often present.

Type species: Procapreolus latifrons Schlosser, 1924 from the Late Tertiary of Mongolia.

Composition: P. moldavicus (Janovskaya, 1954) (Early Pliocene, Eastern Europe); P.
ucrainicus Korotkevich, 1963 (Late Miocene, Ukraine); P. florovi Korotkevich, 1974 (final stage
of Miocene, Ukraine); P. pentelici (Dames, 1883) (Mio-Pleistocene boundary, Greece); P. vesti
Korotkevich, 1970 (Pliocene, North Caucasus); P. cusanus (Croizet and Jobert, 1928) (Late
Pliocene, Western Europe); P. stenos Lin and Pan, 1978 (Early Pleistocene, China), Procapreolus
jinensis Dong and Ye, 1996 (Late Miocene, Shanxi Province, China), P. mongoliensis
(Vislobokova, 1983) (Pliocene, Mongolia).

Distribution: middle latitudes of Eurasia; Late Miocene to Early Pleistocene.

Nomenclatural acts. Schlosser (1924) proposed the genus name Procapreolus for small-
sized deer with three-pointed antlers similar to the roe deer antler structure. Although he did not
provide the definition of Procapreolus, it can be deduced from the text that the author regards the
proposed genus as part of the so-called "Capreolus group," which is distinguished from the modern
roe deer by the presence of the Palaecomeryx fold in the lower molars. Schlosser (1924) originally
included three species in Procapreolus: Cervus (Palaeaxis) loczyi Pohlig, 1911 from the Late
Miocene of Pannonia, Procapreolus latifrons Schlosser, 1924, and Cervavus ruetimeyeri
Schlosser, 1903 (incorrectly spelled as Cervavus riitmeyeri in Schlosser, 1924) from the Late
Neogene of Mongolia and China.

Korotkevich (1963, 1965b), the first reviewer of the genus, designated Procapreolus
latifrons as the type species and excluded Cervavus rutimeyeri Schlosser 1903 from Procapreolus
since the shape of its antlers does not correspond to the new diagnosis of the genus. Korotkevich
(1963) also attributed dental remains from the Late Tertiary of China described by Schlosser
(1903: 118) as Cervavus sp. 2 to Procapreolus. This cervid form is characterized by primitive
lower P4 (Schlosser, 1903: tab. X, fig. 14) and the presence of a protoconal fold in M>.

Procapreolus latifrons (estimated body mass of 35 kg) was based on a series of fragmented
antlers with a thin beam (diameter approximately 25 mm) and a comparatively high position of
the first ramification (approximately 95 mm above the burr). Frontal bones are broad (the breadth
of the frontal bone is approximately 45 mm) and flat, and pedicles are compressed
anteroposteriorly and relatively long. The beam section is nearly circular, and antler beams are
strongly curved outward and backward. The total number of antler tines is unknown because of
the fragmented state of fossils (Schlosser, 1924), but the length of a tine may reach 115 mm. Upper

canines are large, attaining at least 50 mm in length. P4 is characterized by advanced molarization,
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lower molars are supplemented with ectostylids and an anterior "fold of compression." Lower
molars are devoid of the Palaecomeryx fold (Schlosser, 1924).

Antler remains similar to Procapreolus latifrons are not uncommon in the Late Tertiary of
China and Mongolia. The proximal fragments of antlers from the Hipparion fauna of China
reported by Schlosser (1903: tab. XI, fig. 30) as Cervus sp. most probably also belong to P.
latifrons. The antlered braincase and antler fragments of a small-sized cervid from the Hipparion
fauna of China figured by Zdansky (1925: P1. VI, P1. V, fig. 5) show a great morphological affinity
with Procapreolus latifrons (Croitor, 2018a). Therefore, Procapreolus latifrons is a valid true
species, contrary to the opinion of Dong and Ye (1997), and the genus name Procapreolus with
type species P. latifrons should be maintained in the sense proposed by Korotkevich (1963).

Cervavus ruetimeyeri Schlosser, 1903, another Tertiary Asian cervid included by Schlosser
(1924) in the genus Procapreolus, is based on reportedly somewhat larger upper molars with well-
developed basal structures (cingulum?), and the strong inner folding of the hypocone in P? and P*.
The lower molars have no Palaeomeryx fold (Schlosser, 1903; tab. X, figs. 1-5). The body mass
based on dental measurements amounts to 34 kg (Croitor, 2018b), so this species is not distinctly
larger than P. latifrons. Schlosser (1924) also described some antler remains from the Late Tertiary
of Mongolia as P. cf. riitmeyeri (sic!), which is distinguished from P. latifrons by the more
flattened antler beam, the comparatively lower position of the smaller and weaker first tine, and
the stronger posterior tine of distal bifurcation, which should be regarded as the beam continuation.
There is a prominent anterior crest between the first tine and the burr, while the posterior side of
the beam is flattened, making the transversal section of the proximal part of the beam nearly
triangular (Schlosser, 1924). The beam segment between the first and second bifurcations has an
irregular cross-section because of the posterior rib and more flattened anterior side of the beam
above the basal tine (Schlosser, 1924: fig. 4, B). The antler part in the area of the second
ramification is moderately flattened. The antler length is 180 mm, while the burr diameter varies
between 25 and 30 mm (Schlosser, 1924). The pedicle has a circular cross-section, with the
position on the skull similar to that of the modern C. capreolus but relatively longer (Schlosser,
1924). Schlosser (1924) referred to this species having sabre-like upper canines (the length of the
largest one attains 42 mm including its root) and some isolated lower molars with the Palaeomeryx
fold. The upper molars have a large protoconal fold, a weak cingulum (Schlosser, 1924: Pl. 1V,
figs. 29, 31), and the small entostylids. P4 is primitive and unmolarised. Korotkevich (1965)
observed that Cervavus rutimeyeri had distinct antler morphology compared to other members of

the genus Procapreolus and suggested that this species should be removed from the genus. I concur
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with this perspective, as the antler shape of C. rutimeyeri closely resembles that of Pliocervus
matheroni, which lived during the Late Miocene period in France.

The taxonomic status of Cervus (Palaeaxis) loczyi Pohlig, 1911 from the Late Miocene of
Hungary remains unclear. The species is based on fragmentary antler remains which are rather
poor in quality. The best-preserved shed antler is at least three-tined, with the first tine situated
high on the beam, but closer to the burr than to the second ramification. The antler is somewhat
compressed from the sides and resembles that of “Cervavitus novorossiae”. According to
Schlosser (1924), the lower molars have a "very distinct" Palaeomeryx fold. Pohlig (1911) figured
two pedicles, one thin and long, the other short and robust, connected to a small part of the antler.
The specimens were collected from various localities and likely belong to different cervid forms.
Given the poor quality of the antler remains, the taxonomic status of Cervus (Palaeaxis) loczyi
requires further investigation.

Procapreolus moldavicus (Janovskaya, 1954)

Synonymy:

1917 Cervus sp. juv.: Khomenko, p. 61

1930 Capreolus australis (de Serres): Simionescu, p. 121, figs 51-53.
1930 Cervus buladensis (Deperet): Simionescu, p. 121, fig. 58.

1954 Cervus (Rusa) moldavicus n. sp.: Janovskaya, pp. 163-164, fig. 1.
1959 Procapreolus sp.: Verestchagin, p.55, fig. 25 (5-6).

1960 Cervoceros wenzensis n. sp.: Czyzewska, pl. 2, fig. 2a, pl. 3.

1964 Procapreolus cusanus (Croizet and Jobert): Korotkevich, p.383, figs. 1-2.
1964 Pliocervus sp.: Korotkevich, p. 385.

1965 Pliocervus kutchurganicus sp. n.: Korotkevich, p. 111, fig. 4.

1968 Procapreolus wenzensis (Czyzewska): Czyzewska, p. 557.

1970 Procapreolus sp.: Korotkevich, p. 110-113, fig. 42.

1999 Procapreolus moldavicus (Janovskaya): Croitor, p. 87, figs. 1-4.
1999 Procapreolus cusanus (Croizet and Jobert): Croitor, p. 87, fig. 5 c.
2008 Pliocervus kutchurganicus (Korotkevich): Vislobokova, p. 300.
2008 Procapreolus sp.: Vislobokova, p. 300.

Nomenclatural acts: Janovskaya (1954) suggested that the small-sized deer from the
Pliocene of Moldova represented a transitional evolutionary stage between the Late Miocene
Cervavitus and the modern genus Cervus. Croitor (1999) included this species in the genus
Procapreolus and synonymized Procapreolus moldavicus with Cervocerus wenzensis Czyzewska,
1960 from the Early Pliocene of Weze-1 (Poland).

The poorly preserved antlers from the Early Pliocene of Kuchurgan, which Korotkevich
(1965) described as Pliocervus kutchurganicus, fall within the range of individual variation of the
sample from Weze-1, and therefore Pliocervus kutchurganicus is regarded as a junior synonym of
P. moldavicus (Croitor and Stefaniak, 2009). While some antlers from Kuchurgan were reported
by Korotkevich (1970) as P. cf. cusanus, the author failed to demonstrate the presence of two

species in the dental and postcranial material from Kuchurgan.
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This taxonomic confusion between Procapreolus and Pliocervus is due to the poor and
vague definition of the type species of the genus Pliocervus, Cervus matheroni Gervais, 1859 from
the Late Miocene of France (Croitor, 2014). In contrast to Procapreolus, Pliocervus matheroni is
characterized by massive pedicles with more or less parallel orientation, and a small distance
between them, as in Capreolus, differing from the broad-spaced pedicles of Procapreolus. The
fully developed antlers of P. matheroni are four-pointed with an irregular subtriangular cross-
section of the beam and triangular cross-section of tines, unlike the regularly circular cross-
sections of the beam and tines in most Procapreolus species, or oval cross-sections of flattened
tines in P. cusanus. None of the antlers from Kuchurgan corresponds to the diagnostic characters
of Pliocervus. Finally, the lower fourth premolar (P4) of P. matheroni is primitive, unlike the
highly molarized P4 in Procapreolus (Croitor, 2014).

According to Vislobokova (2008), the taxonomic status of Cervus (Rusa) moldavicus is
doubtful due to the type specimen being a juvenile female, which lacks diagnostic characteristics
such as antler morphology and permanent premolar morphology. Vislobokova (2008) suggests
considering Janovskaya's deer as Procapreolus sp. and using Procapreolus wenzensis
(Czyzewska, 1960) to identify the archaic capreoline deer from Eastern Europe during the Early
Pliocene. Vislobokova (2008) also supports the validity of Pliocervus kuchurganicus Korotkevich,
1965 and mentions P. cusanus (Croizet and Jobert, 1828) as part of the fauna from Kuchurgan.
The debate on the priority of scientific names initiated by Vislobokova (2008) is unnecessary as
fossil remains from Weze-1 also contain cranial remains of juvenile females, including the fine
skull Nr. 345 chosen as a paratype of Cervoceros wenzensis by Czyzewska (1960), which are
morphologically identical to the holotype of P. moldavicus (Croitor and Stefaniak, 2009). While
antler morphology is not diagnostically important for defining species in this case, as antlers within
the genus Procapreolus are uniform and do not provide secure diagnostic characters except for
fully developed antlers of P. cusanus, species of the genus Procapreolus can be distinguished by
details of dental morphology, such as the development of Palacomeryx fold in lower molars and
the presence of cingulum in upper molars (Korotkevich, 1970, 1974). The upper and lower molars
of the holotype of P. moldavicus provide the necessary diagnostic characteristics for species
definition and ensure differential diagnosis.

Diagnosis: The species size is close to the body size of modern hog deer or slightly larger.
The frontal-orbital part of the skull is short: the anterior edge of the orbits is situated above M.
Frontal bones are flattened, with sharp supraorbital channels ranging from the pedicle base to the
level of preorbital fossae. The preorbital fossa is very large: the diameter of the preorbital fossa in

males attains ca. 74% of the orbital diameter; the ethmoidal openings are large: their length equals
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the diameter of orbits. The intermaxillary bones are narrow and pointed. The mandibular diastema
is relatively short (shorter than in Capreolus). The nasal bones are short and do not reach the line
connecting the anterior edges of the orbits.

The fourth lower premolar (P4) is characterized by a high degree of molarization; the lower
molars have a Palaeomeryx fold, which may be variable. The upper molars are supplemented with
protoconal and hypoconal folds, the cingulum is reduced and normally not visible. Upper canines
in males are moderately large.

The antlers are three-pointed, thin, and lyre-shaped; the first tine is located very high on
the anterior side of the beam. The antlers may be flattened in the area of ramifications, however,
the antler beam between the first and second ramifications is never flattened.

Holotype: the holotype of Cervus (Rusa) moldavicus is a partial articulated skeleton of a
juvenile female (No. 2), which includes the skull, mandible, backbone, ribs, os innominatum, and
posterior limbs. The specimen is currently stored in the collection of the Paleontological Institute
of the Russian Academy of Sciences in Moscow. Unfortunately, the braincase of the skull (Nr.
2/1) is heavily damaged, with only the parietals and the right temporal bones preserved (Fig. A.1).
Additionally, the left side of the face is also damaged, with the contact of both premaxillary bones
with the rest of the skull not preserved.

To reconstruct the orbitofrontal part of the skull, plaster was used, which resulted in an
imperfect reconstruction. The flexion of the skull (the angle between the facial and cerebral parts)
was not maintained, and the orbitofrontal part was artificially lengthened due to the two parts of
the preserved right zygomatic arch not coinciding. The gap between them is approximately 13
mm, and the axis of the braincase is noticeably offset leftward (Croitor, 1999).

The upper molars of the holotype are characterized by the presence of a large protoconal
fold, a hypoconal spur, and a well-developed flat entostyle, which extends into a weak cingulum.
These characteristics are also present in PD* of the holotype (Janovskaya, 1954: fig. 3). The lower
molars are characterized by the presence of a well-developed ectostylid and a Palaeomeryx fold
(Janovskaya, 1954: fig. 5).

Type locality: “Cahul River valley, Fagadil village” (Janovskaya, 1954); nowadays this
site is situated in the southern part of Lebedenco village (= Fagadyl: Khomenko, 1917; Croitor,
1999; Vislobokova, 2008; = Fagadau: Eremia, 2011), Cahul District, Moldova. To be more
precise, the present-day Lebedenco village is a composite of two previously separate settlements,
namely Crihana Veche and Fagadau. The latter locality today is the southern part of Lebedenco
village (Eremia, 2011).
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Stratum typicum: the “Middle Pliocene” (Janovskaya, 1954); the Early Pliocene, MN15,
Carbolian alluvium.

Distribution: Early Pliocene (MN14-15) of Poland, Ukraine, Moldova, and Romania
(Khomenko, 1917; Janovskaya, 1954; Croitor, 1999; Vislobokova, 2008).

Description. The studied cervid has a similar body mass to the hog-deer, estimated at
approximately 40-50 kg. The type specimen exhibits a preorbital fossa, which is notably deep and
relatively large, measuring approximately 1 cm in depth and 21.0 x 12.0 mm in size. The dentition
of this specimen includes fully functional deciduous teeth, as well as functional first and second
upper and lower molars, with the third molars in the process of eruption. Additional measurements
obtained are as follows: skull breadth at PD* 66.0 mm; skull breadth at PD?, 35.2 mm; skull
breadth at M?, 34.0 mm; palatal breadth between M?, 34.0 mm; length of right upper tooth row
(PD?-M?), 70.4 mm; length of right upper molars (M!-M?), 41.5 mm; and length of right upper
deciduous teeth (PD?*-PD*), 34.2 mm. The overall proportions of the cranium reveal a short
orbitofrontal area, with the anterior edge of the orbits positioned above M?, similar to that of
modern Muntiacus, Capreolus, and Odocoileus. The frontal bones in P. moldavicus are rather flat
compared to those of modern roe deer, exhibiting a slightly depressed frontal profile above the
orbits and convex in front of the pedicles. Furthermore, the pedicles in P. moldavicus are
remarkably long, with a length always greater than the pedicle diameter. They are sloped
backwards from the face at an angle of about 50°, and oriented slightly laterally, resulting in an
angle of approximately 30° between the pedicles. The nasal bones in the male skull Nr. 220 from
Weze-1 and the female skull from Fagadal are relatively short, resembling those of Odocoileus
and Muntiacus, and do not reach the level of the orbits, as in Capreolus. The premaxillary bones
are articulated with the nasal bones, as indicated in the skull Nr. 220 from Weze-1 (Fig. A.2) and
the skull from Fagadal.

Sexual dimorphism is evident in the size and shape of both the preorbital fossae (preorbital
pits) and the supraorbital channels. The supraorbital channels are long, deep, and sharply defined,
beginning at the base of the pedicle and extending to a level above the preorbital fossae. In males,
the supraorbital openings are situated within these channels and are larger and more developed
than those in females. The length of the supraorbital channel in specimen Nr. 220 from Weze-1
measures 58 mm, while in the female skull Nr. 345, it is only 37 mm long and weaker in
appearance. This channel is more pronounced and has a parallel orientation to the interfrontal
suture compared to those in Capreolus and Pliocene Pavlodaria from Kazakhstan.

In males, the preorbital fossae are triangular with sharp edges and are notably large, deep,

and extend up to 29 mm in length, 24 mm in height, and 10.4 mm in depth in the male skull from
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Weze-1. Conversely, in females, the preorbital fossae are smaller, deep, and rounded, measuring
27%x14.5 mm in the female skull Nr. 345 from Weze-1 and 21x12 mm in the female from Fagadal,
with a depth of 10 mm in the latter specimen. The relative length of the preorbital fossa to the
diameter of the orbit in male P. moldavicus (74.4 %) is somewhat smaller than in Muntiacus.
Among the modern Muntiacus deer, the smallest preorbital fossa is recorded for M. muntjak (with
a relative length to orbit diameter of 81.4 %), while the largest preorbital fossa is observed in M.
reevesi (with a relative length to orbit diameter of 99 %) (Ma et al., 1986)

Male P. moldavicus have relatively large upper canines. In the male skull Nr. 220, the
anteroposterior diameter of the right canine alveolus is 6.2 mm, and the distance between the
canine and P? is 35.4 mm. The length ratio between lower premolars and molars in the Weze-1
sample varies from 62.6% to 65.7% (n=4). However, in the specimen from Musait (Moldova), the
lower premolar series is relatively long, with the premolar/molar length ratio amounting to 70.6%.

The upper molars in P. moldavicus have a large protoconal fold and a hypoconal spur,
similar to those of modern Odocoileus virginianus. The lingual side of the molars is strongly
inclined, with the angle between the labial and lingual sides of the upper molar measuring 55°.
The entostyle, a ridge on the lingual surface of the molars, is variable in P. moldavicus. It is well
developed in the type specimen from Fagadal and in the isolated M from Tataresti, Moldova
(Nr. 77, 1ZC; see Fig. A.3), but completely reduced in the majority of specimens from Weze-1.
The entostyle is only found in two specimens of the sample: in the isolated tooth without number
and in the upper tooth-row Nr. 294.

The lingual wall of P? lacks a vertical groove and is not cleft. Its hypocone is supplemented
by an internal enamel fold, and the rib of the paracone is stronger than that of C. capreolus. P's
lingual side is grooved, and its hypocone features an internal enamel fold that may disappear in
heavily worn teeth. Additional internal enamel folds may occur in both the protocone and
hypocone of P*, which may also disappear in advanced stages of wear.

Lower molars are characterized by the development of ectostylids. The Palaecomeryx fold
is rather variable: it is well expressed in the holotype from Fagadal but quite poorly developed in
the lower mandible from Musait (Croitor, 1999). The variation in Palacomeryx fold development
is observed in the Weze-1 sample. The Palacomeryx fold is represented by a weak vestige in
specimen Nr. 220, but it is present in 69% of the specimens in the sample (11 of 16 specimens).
Palaeomeryx fold is stronger and more often developed in Mi. The development of ectostylids in
M3 is also variable. M3 may have both anterior and posterior ectostylids (e.g. specimen Nr. 248,

IZW), or possess only the anterior ectostylid as in the specimen Nr. 220 from Weze-1.
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The morphology of the P4 tooth in Procapreolus is consistent and does not display
significant individual variation. The parastylid is reduced and the metaconid is fused with the
paraconid, though it does not connect with the protoconid, leaving the anterior valley incompletely
isolated. The entoconid is not connected to the entostylid. The length of the lower premolar series
is about 70% of the molar series length.

The antlers of Procapreolus are always three-pointed, long, and thin, with a straight or
undulating beam at the base. The basal portion of the antler beam has a circular transverse section,
though it can become somewhat compressed distally, with a flat lateral side and a convex medial
side. The antler is highly compressed lateromedially in the areas of the first and second
bifurcations, but the beam segment between the first and second ramifications is never flattened.
The first tine is located very high, almost halfway up the antler's length, and is short in young
individuals but much longer in fully developed antlers. The antler surface is ornamented with
ridges and furrows.

The antler series from the Weze-1 site is interesting because it demonstrates the range of
variation in a homogenous sample. For example, the antlers of specimen Nr. 220 (IZW) are thin,
with the antler base inclined backward from the burr and then curved toward the anterior and sides,
reminiscent of the "S-shaped" morphology of "Pliocervus kutchurganicus". The antler becomes
compressed lateromedially in the area of the first tine, and the antler beam has a deep groove on
the anterior side that continues onto the anterior side of the first tine. The transverse section of the
beam above the first tine is circular. The distal portion of fully developed antlers is significantly
compressed from the sides in the area of the distal bifurcation, as seen in specimens W-328 and
W-329. In comparison, the proximal antler fragments Nr. 324 (DLM above burr is 26.5 mm) and
Nr. 364 (measurements are unavailable) are somewhat more robust and straight, unlike specimen
Nr. 220 (DLM above burr is 22.0 mm). Thus, the type specimen of "Pliocervus kutchurganicus"
(DLM above burr amounts to 31.2 mm) represents a variant of antler shape also found in the
sample from Weze-1, while the size of antlers from the Polish sample falls within the size range
of antlers from Kuchurgan described by Korotkevich (1970) as "Pliocervus kutchurganicus"
(DLM above burr: 13.3-31.2 mm).

Recent research suggests that the fine pair of antlers found at the Pliocene site of Czorna
Losczina in South Ukraine, previously identified by Korotkevich (1964) as P. cusanus, and the
complete antler (Nr. 33-169, IZU) with two mandibles (Nrs. 33-160, 33-161, IZU) from
Andreevka (Ukraine), previously reported by Korotkevich (1970) as P. c¢f- cusanus, actually
belong to P. moldavicus. This conclusion is based on comparisons of postcranial measurements of

the holotype from Fagadal (Moldova) and the postcranial fragments from Weze-1 (Poland) and
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Malusteni (Romania), which do not show any significant differences and fall within the variation
range of the species (Croitor and Stefaniak, 2009).

Interestingly, the femur of P. moldavicus is relatively long for the thoracolumbar portion
of the backbone, with a ratio of 38.7%, compared to the open-landscape adapted tundra reindeer,
whose femur is only 34.5% relative to the backbone, and the dense forest dweller Muntiacus
muntjak, whose femur is 35.1%. These proportions suggest that P. moldavicus was adapted to the
saltatorial type of locomotion in the conditions of forest and woodland habitats, similar to modern
deer. Thus, the general proportions of the postcranial skeleton of P. moldavicus seem to be close
to modern deer adapted to forest and woodland habitats (Croitor 1999).

Procapreolus pentelici (Dames, 1883)

Synonymy:

1862 Dremotherium sp.: Gaudry, p. 308.

1867 Dremotherium sp.: Gaudry, pl. LVI, fig. 7.

1883 Cervus pentelici nov. sp.: Dames, p. 93, pl. V, fig. 1.

1898 Capreolus pentelici (Gaudry): Trouessart, p. 889.

1968 Pliocervus pentelici (Caudry): Melentis, p. 4, pls. 4-5.

1995 Pliocervus graecus n. sp.: Azanza, p. 158, pl. 1, fig. 2.

2017 Procapreolus cusanus (Croizet and Jobert): Cregut-Bonneure and Tsoukala, fig. 7.

Nomenclatural acts. Dames (1883) described a new species, Cervus pentelici, from
Pikermi (Greece) based on a well-preserved pair of three-pointed antlers and associated them with
a braincase without cranial appendages and mandible of small-sized cervid and a mandible of a
larger deer previously described by Gaudry (1862, 1867) as Dremotherium pentelici and
Dremotherium sp. respectively. The obvious difference between relative dental size and the
relatively large size of antlers was attributed by Dames (1883) to sexual dimorphism. Gaudry
(1862, 1873), who studied both samples from Pikermi and Mont Luberon, did not report the
similarity between Greek and French cervid remains.

Subsequent revision of the material revealed that the smaller mandible (PIK2034a, sin;
PIK2034b, dx; MNHN, Paris) from Pikermi described as Dremotherium pentelici belongs to a
muntjac-sized ruminant (L P2-M3 amounts to 55.4 and 55.0 mm respectively), while the braincase
PIK2020 (MNHN) does not belong to a deer; the collection label associated with the specimen
defines it as “Gazella brevicornis cf. capricornis/deperdita?”’. Melentis (1969) included the
material described by Gaudry (1862, 1873) and Dames (1883) in Gaudry’s species, which was
placed in the genus Pliocervus. Azanza (1995) reports a great similarity between the antlers from
Maramena and those from Pikermi and confirmed the presence of the second smaller cervid in the

fauna from Pikermi that should maintain the species name given by Gaudry: Dremotherium
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pentelici. Azanza (1995) established a new species name, Pliocervus graecus, for a larger cervid
form to avoid the homonymy of species names proposed by Gaudry (1862) and Dames (1883).
Species name Cervus pentelici Dames, 1883, however, remains available for the larger cervid from
Pikermi characterized by three-tined antlers and is not a homonym of Dremotherium pentelici
Gaudry, 1862, since those two species' names were originally established in combination with
different generic names (ICZN, Article 53.3), and the secondary homonymy is improbable.
Therefore, Cervus pentelici Dames, 1883, is a senior synonym of Pliocervus graecus Azanza,
1995.

Holotype: a pair of antlers 1967/18 of an adult individual stored in the paleontological
collection of the University of Athens (Dames, 1883; Melentis, 1969).

Type locality: Pikermi, Greece.

Stratum typicum: Late Miocene, Turolian, the boundary of MN12/MN13.

Emended diagnosis: The body size is similar to modern European roe deer. Antlers are
thin, three-pointed, with circular cross-sections of the beam. The first tine is situated closer to the
distal bifurcation than to the burr. Pedicles are very long: their length measured from the
posterolateral side significantly exceeds the diameter of the pedicle. The Palaecomeryx fold in the
lower molars is not present. The cingulum in the upper molars is not developed.

Description. The morphological characteristics of the deer from Pikermi and Maramena
are consistent with the genus Procapreolus. The antlers of the deer have three tines and are thin,
long (390 mm), and have a very high position of the first tine. The beam has a circular cross-
section, while the pedicles are thin and slightly diverging, with a large distance between them.
Furthermore, P* is highly molarised, unlike in Pliocervus matheroni, where it is simple. The body
size of P. graecus is 27 kg, which is very close to that of P. florovi. However, unlike the latter
species, the Greek cervid lacks a Palaeomeryx fold in the lower molars. In addition, the lingual
wall of upper premolars is split by a deep vertical groove, which is more pronounced than in P.
moldavicus from Weze. While P. graecus is very close to P. florovi, it has somewhat more
advanced dental morphology.

Cregut-Bonnoure and Tsoukala (2017) reported capreoline remains from the younger
Pliocene site of Gephyira (Greece) as P. cusanus. These remains are characterized by a size similar
to P. pentelici and P. cusanus and, like those two species, lack a Palaeomeryx fold. However,
unlike P. cusanus, the antlers of the deer from Gephyra are thin and not flattened in their distal
part. Despite its significantly younger age (MN16a), Procapreolus from Gephyra is closer to P.

pentelici than to P. cusanus.
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Procapreolus vesti (Korotkevich, 1970)
Synonymy:

1959 Procapreolus sp.: Verestchagin, p. 52, figs. 25-5, 25-6.

1959 Pliocervus sp.: Verestchagin, p. 52.

1970 Pliocervus kutchurganicus vesti ssp. nov.: Korotkevich, p. 133, fig. 48.

1970 Procapreolus sp.: Korotkevich, p. 109, fig. 41.

2009 Procapreolus moldavicus (Janovskaya, 1954): Croitor and Stefaniak, p. 17, fig. 13-b.

Nomenclatual acts. Verestchagin (1959) described a well-preserved shed antler and lower
mandible from Kosyakino as Procapreolus sp. In the same publication, Verestchagin (1959) listed
Pliocervus sp. in the faunal inventory of Kosyakino, but did not provide any specific fossil material
confirming the presence of this genus. Subsequently, Korotkevich (1964) suggested that the
material figured by Verestchagin belongs to Pliocervus. Later, Korotkevich (1970) described a
new subspecies Pliocervus kutchurganicus vesti based on a well-preserved antler from Kosyakino
that belonged to a mature individual. In the same work, Korotkevich (1970) identified a very thin
antler from Kosiakono with a rather short first tine situated at an almost equal distance between
the burr and the distal bifurcation as Procapreolus sp., correctly interpreted as belonging to a
young animal. Croitor and Stefaniak (2009) suggested that the material from Kosyakino may
belong to P. moldavicus. However, the small body size similar to that of modern muntjacs indicates
that the material represents a true species of Procapreolus that is adapted to a specific ecological
niche.

Holotype: the almost complete right antler with pedicle and part of frontal bone Nr. 1 (Fig.
3.4 A) stored in the Zoological Institute, Sankt-Petersburg (Korotkevich, 1970).

Type locality: Kosiakinsky Quarry (= Kosiakino: Pevzner et al., 1996) near Stavropol,
Russia.

Stratum typicum: Pliocene (MN 157).

Distribution. Pliocene of North Caucasus foothills (Russia). According to Verestchagin
(1959), the fauna from the alluvial sands of Kosiakinsky Quarry is close to the fauna from
Malusteni (Romania). Pevzner et al. (1996) indicate the mixed character of the fossil remains from
this site.

Diagnosis. The body size is comparable to modern muntjacs. Antlers are relatively large,
three-pointed, with rounded cross-sections of beam and tines. The antler segment between the first
and second ramifications often is elongated. Lower molars are with Palaeomeryx fold. Upper
molars are devoid of the cingulum.

Description. The type antler is relatively robust (DLM antler base is 28.4 mm) and belongs

to a mature individual. The first ramification is situated approximatively in the middle between
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the burr and the second ramification (L burr - ramification amounts to 108.4 mm; L first - second
ramifications amounts to 118.0 mm). The cross-section of the antler beam is regularly circular.
The pedicle is relatively long (L — 32.0 mm; DLM — 25.6 mm) and slightly compressed
anteroposteriorly (DAP — 24.9 mm). The frontal bone has a rather deep, well-outlined and long
supraorbital channel.

P. vesti is the smallest species of the genus (L P2-M3 = 58.0 — 73.0 mm; n=3; the estimated
mean body mass amounts to 21.5 kg) that represents a particular direction of specialization within
Procapreolus. Besides the small body size, P. vesti also is characterized by a relatively longer
antler segment between the first and second ramifications, although the antler proportions of P.
vesti broadly overlap with P. cusanus. All dental remains from Kosiakino are characterized by
molarized P4 and the presence of Palaeomeryx fold in lower molars (Korotkevich, 1970).
Korotkevich (1970) reports the morphological heterogeneity of the sample from Kosiakinsky
Quarry and distinguished larger teeth with stronger Palaeomeryx fold that she described as
Procapreolus, and smaller teeth with weak Palaeomeryx fold that, according to Korotkevich,
belong to Pliocervus. The observed size and morphological variation correspond to the
intraspecific variation and, most probably, confirm the fact that the sample from Kosiakino
chronologically is not homogenous.

Procapreolus cusanus (Croizet and Jobert, 1828)

Original description: Cervus cusanus Croizet and Jobert (1828: PIL. 111, figs. 1, 2 ; « Cerfs
fossiles de la montagle de Perrier (second sous-genre). »).

Nomenclatural acts: The initial mention of the species name Cervus cusanus can be traced
back to the bibliographic notes in Croized and Jobert’s (1828) volume on fossil remains from the
Department Puy-de-Dome, which also features an illustration of a complete right antler with
frontal and parietal bones (Croized and Jobert, 1828: P1. VIII, figs. 1-2). Although the second
volume of Croizet and Jobert's work, containing a description of the species, was not subsequently
published (Heintz, 1970), the first official description of Cervus cusanus Croizet and Jobert was
presented by Pomel (1853), who also proposed definitions for the new species Cervus leptocerus,
Cervus platycerus, and Cervus furcifer. These species share the same size and antler bauplan as C.
cusanus, differing only in minor morphological details, which Heintz (1970) regarded as
individual variants of the same species. Depéret (1884), on the other hand, proposed the new
species name Cervus neschersensis for a smaller cervid from Ravine Les Etouaires characterized
by more flattened antlers with a comparatively lower position of the first tine. The measurements
of a mandible attributed by Depéret (1884) to Cervus neschersensis correspond to those of the

specimen PET809 from MNHN in Paris. Heintz (1970) demonstrated that all the species described
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by Pomel (1853) and Depéret (1884) fall within the range of variation of Cervus cusanus.
Additionally, Heintz (1970) notes that the collection studied by Croized and Jobert (1828) does
not include any antler that matches the original illustration with absolute precision. It is possible
that the antler designated by Heintz (1970) as a neotype is the specimen figured by Croizet and
Jobert (1828).

Korotkevich (1963, 1970) placed Cervus cusanus Croizet and Jobert, 1928 in
Procapreolus. Valli (2010) confirmed that P. cusanus belongs to telemetacarpal cervids, as it
exhibits a characteristic for capreolinae shape of the post-glenoid foramen, which is not surrounded
by squamosal bone and is bordered in its posteromedial section by the petrous bone.

Diagnosis and synonymy: see Heintz (1970: p. 68).

Differential diagnosis: The species is distinguished from other species of the genus by its
flattened antlers and by the presence of supernumerary antler tines (up to 5 tines in total). Its lower
molars are devoid of Palacomeryx fold, unlike P. ucrainica, P. flerovi, P. vesti, and P. moldavicus.
The species is distinguished also by its smaller size from P. moldavicus and by the absent lingual
cingulum in upper molars from P. ucrainicus.

Neotype: a right antler with pedicle and frontal bone lacking the tip of posterior tine of the
distal fork (Fig. 3.4 B).

Distribution: Ravine Les Etouaires (type locality; =Perrier-Etouaires, = Boulades: Deperet
1884), Issoire, France (Heintz, 1970); alluvium of Etouaires, Late Pliocene (Early Villafranchian).
Remains of this deer are reported from the Pliocene of France, Italy, and England (Heintz, 1970;
Abbazzi et al., 1995; Lister, 1999).

Description. P. cusanus is the most advanced species of the genus to have survived into
the Early Villafranchian of Western Europe. It is a relatively small-sized species with an estimated
body mass of approximately 30 kg. This species is characterized by advanced antler morphology
and dentition, which lack archaic enamel folds (the Palacomeryx fold) and basal structures
(cingulum). The antlers of P. cusanus feature a flattened extension in their distal parts, which
become highly pronounced in adult males (Heintz 1970). The beam segment between the first and
second ramifications of P. cusanus is distinctly flattened, which is a reliable distinguishing feature
from other species of Procapreolus that may have flat extensions in the area of the ramifications,
but their beam between ramifications remains generally cylindrical. The position of the first tine
is quite variable, with the height of the first ramification ranging from 63 to 145 mm (n=7). The
length of the second segment is also variable, but appears to be comparatively longer than in other
species of the genus (70 — 110 mm; n=4). The extreme range of variability of the height of the first

tine insertion may be due to the larger sample of antler remains compared to other species of the
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genus. Mature antlers of P. cusanus may bear up to five tines, an exceptional case among species
of the genus Procapreolus characterized by uniformly three-tined antlers.

All available specimens show advanced molarization of the P4, with the metaconid fused
to the paraconid (Fig. A.5); the posterior wing of the metaconid may be weak or absent. The
premolar/molar ratio is approximately 69%, consistent with the general dental row proportions
observed in the genus. Upper molars display a protoconal fold and hypoconal spur, while a true
cingulum is never present. Heintz (1970) describes anterior and posterior enamel "folds of
compression" as possible remnants of the cingulum

Our knowledge of the cranial remains of P. cusanus is limited. The only known antlered
braincase of this species is the type specimen of Deperet's Cervus buladensis, which belongs to a
young individual (see Table A.1). The pedicles of this specimen are relatively long, with a circular
cross-section, and are almost parallel to each other. They are strongly sloped back from the face,
a characteristic seen in modern Muntiacus. Notably, the space between the pedicles is larger than
in modern Capreolus.

The parietal bones exhibit a slight convexity, and the lambdoid suture takes on an M-shape.
The bullae tympani are compressed and relatively small. In comparison to a braincase from
Gephyra, Greece identified by Cregut-Bonnoure and Tsoukala (2017: fig. 7) as P. cusanus, the
frontal bones are relatively narrow for the braincase breadth, with a frontal breadth to braincase
breadth ratio of 90.0%. It is possible that the relatively narrow frontal bones are linked to the young
age of the specimen from Etouaires.

Procapreolus pyrenaicus (Depéret, 1890)

Synonymy:

1890 Cervus ramosus pyrenaicus Dep.: Depéret, p. 124.
2000 Croizetoceros pyrenaicus (Depéret): Azanza, p. 212.
2018 Procapreolus pyrenaicus (Depéret): Croitor, p. 34.

Nomenclatural acts: Deperet (1890) initially identified Cervus ramosus pyrenaicus from
the Early Pliocene of Roussillon (France) as a transitional evolutionary stage between Pliocervus
matheroni and Croizetoceros ramosus. However, according to Heintz (1970) and Dong (1996),
the antler morphology of "C." pyrenaicus is distinct from Croizetoceros ramosus due to
fundamental differences in their bauplan. The antlers of "C." pyrenaicus are characterized by the
first short ramification's high position, which forms an acute angle with the beam, while the second
tine is located on the posterior side of the beam, in contrast to Croizetoceros (Depéret, 1890: pl.
VIII, fig. 3; Heintz, 1970: 57, fig. 102; Dong, 1996: pl. 2, fig. 3). Moreover, the antler beam of

“C.” pyrenaicus becomes somewhat flattened above the first ramification. P4 exhibits a trend
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toward molarization (Dong, 1996). Dong (1996) suggests that the antlers of "C." pyrenaicus
resemble those of Procapreolus, a viewpoint supported in this study

Diagnosis: Antlers are thin, long, and three-pointed. Pedicles are moderately long:
pedicle length roughly equals pedicle diameter. The antler base is circular; antlers become
laterally compressed in the area of the first ramification. The antler segment between the first
and second ramifications is also compressed from the sides, however, the distal part of the antler
is not palmed.

Lectotype: antlered frontlet (Deperet, 1890: pl. VIII, fig. 3).

Description. The basal segment of the antler between the burr and the first ramification is
cylindrical in shape. The antler is compressed from the sides in the area of the first ramification
and remains compressed until the second ramification. The first tine is cone-shaped, while the
distal tines show moderate lateral compression. However, the distal portion of the antlers of P.
pyrenaicus does not form a broad flattening as in P. cusanus. Deperet (1890: pl. VII, fig. 6)
assigned to this species a right mandibular ramus with a primitive, unmolarized P4, and devoid of
the Paleomeryx fold molars. The attribution of this specimen to P. pyrenaicus is uncertain. The
estimated body mass is around 35 kg.

Distribution: Early Pliocene of Roussillon, France.

Procapreolus ucrainicus Korotkevich, 1963

Synonymy:

1963 Procapreolus ucrainica sp. nov.: Korotkevich, p. 1390, fig. p. 1391.
1965 Procapreolus ukrainicus sp. nov.: Korotkevich, p. 62, figs. 1-3 (unjustified emendation).
1970 Procapreolus ucrainicus (Korotkevich): Korotkevich, p. 72.

Nomenclatural acts: The species name Procapreolus ucrainica was proposed in a brief
publication by Korotkevich (1963). The new species description was illustrated by a figure of
antlers from Novoukrainka (one larger specimen with broken tines and two smaller antlers
belonging to a juvenile individual) and a comparison with Pliocene cervid remains from Eastern
Europe reported as P. cusanus. According to Article 34.2 of ICZN, the Latinized adjectival
ucrainica should be changed to wucrainicus to be in accordance with the generic name
Procapreolus.

Later, Kotorkevich (1965a) proposed a new species name, P. ukrainicus, based on a series
of antlers and teeth: the larger antler Nr. 38-184 and the juvenile antler Nr. 38-182, which were
already figured in Korotkevich (1963), the upper tooth series M>-M> Nr. 38-420, and the lower
tooth series M2-M3 Nr. 38-421. All material comes from Novoukrainka and is designated by

Korotkevich (1965a) as the holotypes (sic!) of Procapreolus ukrainicus. The species name P.
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ukrainicus 1s an unjustified emendation (ICZN, Article 33.2.3.), which is not in prevailing usage
since this name is frequently spelled as P. ucrainicus Kotorkevich, 1965 (Korotkevich, 1970). The
antlers figured in Korotkevich (1963) are syntypes of P. ucrainicus, while the additional dental
material proposed as "holotypes" of P. ukrainicus cannot be considered as syntypes of P.
ucrainicus.

Diagnosis: Body size as in modern European Capreolus capreolus. The position of the first
ramification is higher than in other species of the genus: the distance between the burr and the first
ramification is longer than the distance between the first and second ramifications. The antler beam
is cylinder-shaped. Pedicles are long: their length is always longer than the diameter. Upper molars
with well-developed cingulum; lower molars with Palaeomeryx fold.

Syntypes: Right antler with a pedicle of adult individual Nr. Nr. 38-184, juvenile right
antler with pedicle Nr. 38-182, juvenile left antler with pedicle Nr. 38-183. The material is stored
in the Natural History Museum of Kyiv (Ukraine).

Locus typicus: Novoukrainka (=Novo-Ukrainka, =Budionovka), Odesa region, Ukraine.

Stratum typicum: Late Miocene (Maeotian), MN11-12.

Distribution: Late Miocene, Europe (Ukraine, Italy).

Description: This is the most primitive species of the genus, characterized by long and thin
three-tined antlers without pearling in their proximal portions. The antlers are lyre-shaped, with
the parallel lower portion of antler beams or becoming divergent immediately above the burr
(angle of deviation from the pedicle axis amounts to 20-30°). The position of the first tine is very
high, closer to the distal bifurcation than to the burr. Compared to other species of the genus (P.
vesti and P. cusanus), this species is characterized by the generally shortest second segment of the
antler. Pedicles are relatively long, being the longest within the genus, and strongly sloped
backwards from the face. The transverse sections of the pedicles and the lower part of the beam
are regularly circular.

The dental morphology of P. ucrainica is the most primitive among the European
Procapreolus. Upper molars are brachyodont with a significantly sloped lingual wall (angle
between lingual wall and crown base amounts to 40-45°) supplemented with a well-developed
cingulum, protoconal fold, and large and complicated hypoconal spur. Lower molars show a well-
developed Palaeomeryx fold (Korotkevich, 1963, 1965a). The premolar/molar ratio of the only
known complete lower mandible (Nr. 38-374) amounts to 65.4% and is situated in the lower part
of the variation range of this characteristic in the genus Procapreolus. The body mass estimation
based on the dental remains series amounts to 32 kg, and the body mass based on the largest

specimen attains 38 kg.
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The remains of a small-sized cervid from the Late Miocene of Bacinello (Italy) reported
by Abbazzi (2001) as P. cf. loczyi also belong to P. ucrainicus. The Italian material demonstrates
such important diagnostic characteristics as cingulum in upper molars and Palacomeryx fold in
lower molars.

Procapreolus florovi Korotkevich, 1974

Diagnosis: Body size as in modern European roe deer. Upper molars are devoid of the
cingulum. The Palaeomeryx folder in the lower molars is very weak.

Holotype: the antlered frontoparietal fragment of skull Nr. 45-26306

Locus typicus: left shore of the Hadjibey Lake, Cherevychnyi Village, Odesa Region
(Ukraine).

Stratum typicum: Late Miocene (end of Maeotis), MN12.

Description. P. florovi is a small-sized species from the final Miocene of Ukraine,
estimated to have a body mass of 30 kg. Like the previous species, it has long and thin three-
pointed antlers. P. florovi is characterized by relatively and absolutely longer pedicles compared
to other Procapreolus species. The pedicles are parallel to each other in mature individuals. The
claim that pedicles are more divergent in younger individuals (Korotkevich, 1974) is doubtful and
based on a deformed specimen. Upper molars have a hypoconal spur and a very small basal pillar,
while the cingulum is not developed. Palaeomeryx fold in lower molars is very weak (Korotkevich,
1974). The premolar/molar length ratio varies between 65.5% and 70.7% with a mean value of

67.5 mm.

Genus Pliocervus Hilzheimer, 1922

Synonymy:

Ctenocervus Kretzoi, 1941
Ctenocerus Kretzoi, 1968

Nomenclatural acts: In 1922, Hilzheimer proposed the genus name Pliocervus for Cervus
matheroni Gervais, 1852, which he believed represented an early evolutionary stage of modern
deer. However, the genus definitions proposed by several authors have remained confused and
contradictory. Part of the taxonomic confusion stems from the poor or misinterpreted figures
provided by Gaudry (1873, 1878). Gaudry (1873: pl. XIII) published the first detailed description
and figures of Cervus matheroni, including an antlered frontlet, two incomplete antlers, an upper
tooth row, and a fragment of a lower jaw with a molarized P4 (this specimen was not found in the

collection from Mont Luberon stored in MNHN). These materials were recovered from the
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fossiliferous site where the original Gervais' (1852) material was discovered, and they largely
influenced subsequent descriptions of the genus Pliocervus.

Later, Gaudry (1878) proposed an antler reconstruction of C. matheroni with three tines
based on the earlier described incomplete specimens. Aleksejev (1915) regarded the dentition of
P. matheroni as morphologically advanced, hypsodont, with a highly molarized P4 and lower
molars that have lost their Paleomeryx folds.

According to Godina et al. (1962), Pliocervus is characterized by well-developed cingulum
in upper molars, hypsodont molars without the Palaeomeryx fold, and three-tined antlers with a
high insertion of the first tine. Godina et al. (1962) and Korotkevich (1970) used Gaudry's (1878)
questionable antler reconstruction as an illustration of the antler morphology of Pliocervus.

Korotkevich (1970, 1988) did not confirm the presence of cingulum in the upper molars of
Pliocervus and supplemented the diagnosis with some characteristics of pedicles. These are
defined as short, divergent, and somewhat compressed anteroposteriorly and are based on the
cranial material of Procapreolus (Croitor et al., 2020). Azanza (2000) provided a similar diagnosis
that defines the pedicles of Pliocervus as short, divergent, and inclined caudally.

Gentry (2005) noted the inadequate distinction between Procapreolus and Pliocervus and
proposed that the genus should be restricted only to its type species, Pliocervus matheroni. The
revision of some species previously ascribed to Pliocervus confirmed this viewpoint. Specifically,
Pliocervus kutchurganicus Korotkevich, 1965 is now recognized as a junior synonym of
Procapreolus moldavicus (Janovskaya, 1954), while Pliocervus graecus Azanza, 1995 is a junior
synonym of Procapreolus pentelici (Dames, 1883) (Croitor and Stefaniak, 2009; Croitor, 2018b).

Antler remains previously described by Azanza (2000) as Pliocervus aff. matheroni from
the Late Miocene of El Arguillo and Milagros (Spain) are now recognized as belonging to
Procapreolus. The systematic position of Pliocervus turoliensis Azanza, 2000 from the Late
Miocene of Milagros (Spain) is not clear, since it lacks the diagnostic characteristics of Pliocervus.
Pliocervus karabastuzicus Abdrakhmanova, 1974 from the Hipparion fauna of the Karabastuz
Lake area (Eastern Kazakhstan) is based on a two-tined antler with a high sat bifurcation and
circular to oval beam cross-sections (Abdrakhmanova, 1974). The type antler of "Pliocervus"
karabastuzicus gradually extends anteroposteriorly from the one-third of the basal segment length
towards the ramification and does not show any morphological feature that could link the
Karabastuz deer to Pliocervus from Mont Luberon.

Diagnosis: Pedicles are rather long: their posteromedial length in mature individuals
moderately exceeds the pedicle diameter. The pedicles are parallel, inclined caudally, and lie on

the plane of the frontal bones. The pedicles are situated close to each other: the pedicle diameter
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in mature individuals exceeds the distance between pedicles. Antlers are relatively large, four-
tined, and lyre-shaped. The proximal part of the antler beam is cylinder-shaped. The first
ramification is situated very high: the height of the ramification is 4-5 times longer than the
diameter of the antler above the burr. The antler segment between the first and second tines is
shorter than the distance between the burr and the first tine. The second tine is inserted on the
anterior side of the beam, compressed lateromedially, and characterized by the subtriangular cross-
section. The antler beam between the second tine and the distal bifurcation is slightly compressed
lateromedially, with an irregular subtriangular cross-section in its distal portion. The antler surface
is sculptured with longitudinal furrows and ridges, not pearled. Upper canines are large and sabre-
shaped. The dentition is brachyodont. P? is elongated, with an additional internal enamel fold.
Upper molars with large protoconal fold and small entostyle. P4 is not molarized. Lower molars
with a well-developed Palaeomeryx fold.

Type species: Cervus matheroni Gervais, 1852.

Composition: the genus is monotypic.

Distribution: Late Miocene (early MN12) (de Bruijn et al., 1992), Western Europe.

Pliocervus matheroni (Gervais, 1852)

Nomenclatural acts: The species name Cervus matheroni was first introduced in a report
summary by Gervais (1852), based on fossil material from Mont Luberon near Cucuron. Later,
Gervais (1859) provided a definition of C. matheroni from Cucuron (Vaucluse, southeastern
France) that generally corresponded to the initial summarized report. Gaudry (1873) described and
depicted additional material of the Cucuron cervid that was spelled as C. matheronis. Although
Gaudry's (1873) work contained the first published figures of C. matheroni, the original material
used by Gervais (1852, 1859) for the species description remained undescribed. Contrary to my
earlier suggestion (Croitor, 2014), the fossil remains figured by Gaudry (1873) cannot be
considered as type specimens of C. matheronis since Gaudry's Cervus matheronis is just an
incorrect spelling of C. matheroni Gervais, 1852. According to Gaudry (1873), the original
material from Cucuron is stored in the British Museum (NHML). Dawkins (1878) proposed a
formal species diagnosis based on the material in the NHML, supplemented with the description
and the figure of the specimen that should be regarded as a holotype. The origin and taxonomic
value of the cervid material from Cucuron stored in the NHML is confirmed by Lydekker (1885),
who indicated that the cervid remains in question belong to the "Bravard Collection" that was
purchased by the Museum in 1852, i.e., soon after Gervais' (1852) public report at the Academy

of Sciences and Letters of Montpellier.
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Synonymy:
1852 Cervus matheroni sp. nov.: Gervais, p. 10.
1873 Cervus (Axis) matheronis Cervais, 1852: Gaudry: p. 65, pl. XIII, figs. 1-7.
1877 Cervus matheroni Gervais, 1852: Dawkins, p. 404, text-fig. 1.
1885 Capreolus matheroni (Cervais, 1852): Lydekker, p. 77, fig. 6 A.
1922 Pliocervus matheroni (Cervais, 1852): Hilzheimer, p. 743.
1970 Pliocervus matheroni (Gervais, 1852): Korotkevich, p. 120, fig. 18.
2014 Pliocervus matheronis (Gervais, 1852): Croitor, p. 125.

Holotype: the almost complete left (?) antler with pedicle BM34623 (NHML) (Dawkins
1878: fig. 1; Lydekker 1885: fig. 6 A).

Diagnosis. The body size is similar to that of modern European roe deer. The fully
developed antlers are four-tined, not palmated, and relatively long (ca. 40 cm). The lower premolar
series is short if compared to other Late Miocene cervids and attain ca. 66% of the molar series
length.

Locus typicus: Mont Luberon (= Léberon) near Cucuron (Vaucluse, France) (Pernégre
and Tassy, 2014: fig. 1).

Other sites: Aubegnas (Ardeche, France) (Torcapel, 1882).

Stratum typicum: Upper Miocene of Mont Luberon.

Description: The size of the deer is similar to that of modern roe deer; however, its antlers
are relatively larger than those of C. capreolus. The frontal bones are narrow, with a small space
between the pedicles, which is less than the transverse diameter of the pedicle. The contraction of
the forehead in front of the pedicles is not expressed. The breadth of the forehead is 74 mm. The
right pedicle is slightly distorted and displaced inward, which modifies its natural orientation. The
pedicles are long (their length exceeds their transverse diameter), with a parallel orientation to
each other, strongly inclined backwards, and situated in the plane of the frontal bones. The pedicles
are compressed in the anteroposterior direction, giving them an elliptical transverse section shape.
The forehead profile is straight. Each frontal bone is slightly concave in front of the pedicle. The
lateral sides of the frontals are bordered with longitudinal bony ribs.

The antler beams are lyre-shaped and moderately divergent. The antlers' surface is covered
with rather broad longitudinal ribs and furrows. The distal portions of the antlers are destroyed.
The length of the right antler fragment is 165 mm, and the length of the left antler fragment is 255
mm. The transverse section of the antler base is circular. The basal portion of the antler beam
(between the burr and the first ramification) is more or less cylinder-shaped. The lateral side of the
right antler has a longitudinal depression that starts from the first tine base and runs downward.

The first tine is situated very high above the burr. The first tine is compressed from the sides in its
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proximal portion and then becomes cylinder-shaped in its distal portion. The angle of the first
ramification is 60° in the right antler and 50° in the left antler.

The second segment of the antler beam (between the first and the second ramifications) is
shorter than the basal one. The transverse section of the second beam segment has an irregular
rounded shape with a flattened lateral side. The second tine is situated on the anterior side of the
beam, like the first tine. The basal portion of the second tine has an irregular oval shape (its
measurements amount to 27.1 mm X 23.0 mm); the distal portion of the tine is acinaciform, curved
and compressed from the sides (28.1 mm x 17.6 mm). The angle of the second ramification
amounts to 70°. The transverse section of the antler beam above the second ramification
approaches an irregular triangle shape.

There are two less robust distal portions of antlers from Cucuron that belong to the same
species (Fig. A.6). The two fragments represent the second and third ramifications, with the third
ramification being poorly developed in one of the fragments. However, the second fragment is
better preserved and has a quite strong third ramification, although it is still significantly damaged
and partially reconstructed (Fig. A.6 C, D). The distal bifurcation is formed by a stronger posterior
tine (which is destroyed) and a more slender anterior tine. The third tine is gently curved inward
and has a length of 92 mm. The cross-section of the antler beam is irregular, with a flattened medial
side and convex lateral side. A rather sharp keel runs along the posteromedial side of the beam
between the second and third ramifications. The third segment of the antler beam (between the
second and third tines) is approximately 140 mm in length, and the angle of the distal ramification
1s 50°.

Upper teeth: The lingual wall of P? (second premolar) is unsplit and ungrooved (Fig. A.7
A). A small enamel fold supplements the hypocone of P2. The lingual wall of P* (fourth premolar)
is also unsplit and supplemented with two enamel folds: a smaller internal fold and a larger external
one. Upper molars feature a well-developed protoconal fold, but the hypoconal fold (eperon,
hypoconal spur) and cingulum are absent. The entostyle is weak, and the tooth enamel is wrinkled.
The anterior lingual rib of the molars (parastyle) is sharp and robust, while the posterior lingual
rib (metastyle) is weak. The lingual wall of the upper molars slopes significantly and forms an
angle of 55° with the labial wall. Gentry (2005) reported a large left upper canine from Mont
Luberon (stored in NHML), which likely belongs to Pliocervus matheroni.

Lower teeth: The fourth lower premolar (P4) retains a primitive morphological condition
and is not molarized (Fig. A.7 B). Its parastylid and paraconid are weakly separated, while the
metaconid is extended anteroposteriorly. Lower molars are characterized by a strong ectostylid,

and M3 is supplemented with two ectostylides. Although hardly visible, the Palaeomeryx fold is
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present. The premolar series of the lower teeth is relatively long, with the premolar to molar length
ratio amounting to 66.3%.

Distribution: Late Miocene of Western Europe. Morales (1984) reported the Late Miocene
(MN13) of Spain a fragment of the mandible with primitive unmolarized P4 as Croizetoceros

pyrenaicus. Possibly, the Spanish specimen also belongs to P. matheroni.

Genus Damacerus Khomenko, 1913

Synonymy:

Cervocerus Khomenko, 1913
Cervavitus Khomenko, 1913
Procerus Simpson, 1945

Nomenclatural acts: Khomenko (1913) described three cervid genera and species based
on well-preserved antlers with frontal bones from the Late Miocene of Taraclia (=Tarakliya,
Moldova). These are Cervavitus tarakliensis, characterized by small two-tined antlers with very
long pedicles; Cervocerus novorossiae, based an antlered frontlet with the two-tined right antler
and the three-tined left antler; and Damacerus bessarabiae, which is based on an antlered frontlet
with four-tined palmed antlers.

Aleksejev (1915) was the first to discuss Taraclia deer, providing indications with
nomenclatural significance. He demonstrated that D. bessarabiae and C. novorossiae represented
two different ontogenetic stages of antler development of the same species, and he applied the
species name D. bessarabiae in his discussion. Thus, priority is given to this species name.

Zdansky (1925) regarded only two of Khomenko’s genera as valid (Cervocerus and
Cervavitus), while Damacerus was considered a junior synonym of Cervocerus. Dietrich (1938:
p. 263) assumed that all three Taraclian genera and species represent the ontogenetic stages of the
antler development of the same species and, following Zdansky (1925), gave priority to
Cervocerus. However, Damacerus Khomenko, 1913 should be considered a senior synonym of
Cervavitus and Cervocerus following the priority given by Aleksejev (1915).

Grubb (2000) recognized Cervavitus as the valid name for the genus based on the
nomenclatural acts of Zdansky (1925) and Pidoplichko and Flerov (1952). However, this approach
disregarded the earlier works of Aleksejev (1915) and Dietrich (1938), which have priority over
all subsequent acts. Therefore, it is appropriate to retain the well-defined species D. bessarabiae
based on a series of well-preserved fully-grown antlers.

Several species and subspecies from the Late Tertiary and Quaternary of Central Asia and

China have been attributed to either Cervavitus or Cervocerus, according to various authors
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(Zdansky, 1925; Teilhard de Chardin and Trassaert, 1937; Aubekerova, 1974; Dong and Hu, 1994;
Dong, 2011; Wang and Zhang, 2014). However, the validity of assigning these Chinese forms to
the cervid genus from the Late Miocene deer of Taraclia has been called into question by multiple
researchers (Azzaroli, 1953; Czyzewska, 1968; Petronio et al., 2007; Croitor, 2021).

Moreover, there are several poorly represented or known species of Cervavitus, including
Cervavitus cauvieri, described by Dong (1996) based on a fragment of antler with three tines from
the Early Pliocene (MN14) of Montpellier (France). Another species, Cervavitus sarmaticus
Kototkevich, 1970, is based on the poor proximal part of a shed antler from the Late Miocene of
Kryvyi Rih (Ukraine). Therefore, a systematic revision of all these "Cervavitus" species is
required.

In this regard, the genus Damacerus should be restricted to the type species until the
systematic position of the above-mentioned cervid forms is clarified. It is important to note that
the type species, Damacerus bessarabiae, is based on a series of well-preserved fully-grown
antlers, which display clear diagnostic features that distinguish them from other cervid forms.

Diagnosis: Antlers are thin, lyre-shaped and characterized by the basic capreoline bauplan.
The fully grown antlers became flattened in their distal part and may evolve an additional distal
prong between two distal tines, so the fully-grown antlers are four-tined. The first ramification is
situated high above the burr: the height of the ramification exceeds 2-3 times the antler diameter
measured above the burr. The cross-section of the basal part of the antler is regularly circular. The
cross-sections of the antler beam below the first ramification, the first tine, and the antler beam
above the first ramification are sub-rectangular, irregularly triangular, and almost rectangular
respectively. The first tine is never bifurcated. The cross-section of is. The antler surface is not
pearled. The pedicles are quite long (pedicle height exceeds pedicle diameter), moderately
divergent, sloped caudally from the face and lie in the plane of the frontal bones. The distance
between pedicle bases in mature individuals exceeds the pedicle diameter. A more or less sharp
bony ridge may connect the pedicle base with the orbit. Preorbital pits are moderately large. Nasal
bones are long and reach the level of the anterior orbital edges. Upper canines are large and sabre-
shaped. Upper molars are supplemented with an additional enamel protoconal fold and a spur of
metaconule. P4 usually is not molarized. Lower molars with a strong Palaeomeryx fold.

Type species: Damacerus bessarabiae Khomenko, 1913.

Composition: the genus is monotypic.

Distribution: Late Miocene (MN12, Middle Turolian), Southeast Europe (Lungu and
Rzebik-Kowalcka, 2011).
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Damacerus bessarabiae Khomenko, 1913
Synonymy:
1913 Cervavitus tarakliensis gen. et sp. nov.: Khomenko, p. 108, pl. VI: 1, 2.
1913 Cervocerus novorossiae gen et sp. nov.: Khomenko, p. 108, pl. VI: 3-5.
1913 Damacerus bessarabiae gen. et sp. nov.: Khomenko, p. 109, pl. VI: 6-8.
1913 Pliocervinae subfam. nov.: Khomenko, pl. VII: 1-10.
1915 Damacerus bessarabiae Khomenko, 1913: Aleksejev, p. 57.
1925 Cervocerus novorossiae Khomenko, 1913: Zdansky, p. 12.
1938 Cervocerus novorossiae Khomenko, 1913: Dietrich, p. 263.
1941 Cervocerus bessarabiae (Khomenko, 1913): Simionescu and Dobrescu, p. 2, figs. 1, 2, pl. 1-5.
1950 Cervavitus variabils (Aleksejev, 1913): Flerov, p. 52.
1952 Cervavitus variabils (Aleksejev, 1913): Pidoplichko and Flerov, p. 1242.
1953 Damacerus bessarabiae Khomenko, 1913: Azzaroli, p. 9.
1962 Cervavitus variabilis (Aleksejev, 1913): Godina et al., p. 373, fig. 490.
1970 Cervavitus novorossiae (Khomenko, 1913): Korotkevich, p. 38, fig. 9.
1990 Cervavitus novorossiae (Khomenko, 1913): Vislobokova, p. 153.
2007 Cervavitus novorossiae (Khomenko, 1913): Petronio et al., p. 117, figs. 1-4.
2011 Cervavitus novorossiae (Khomenko, 1913): Lungu and Rzebik-Kowalska, p. 42.

Diagnosis: Body size is similar to that of modern roe deer. Antler beam above the first
ramification tends to be lateromedially flattened and extends into small palmations in fully-grown
specimens. The distal palmation is supplemented with a small accessory tine situated between the
main branches of the second ramification and shows a trend to coalesce with the posterior branch.
Fossa praeorbitalis are large and deep: the diameter of the fossa praeorbitalis in males attains ca.
68-69 % of the orbit diameter.

Syntypes: the complete antler with pedicle and a part of the frontal bone (Khomenko,
1913: pl. VI, fig. 6); the proximal part of shed antler (Khomenko, 1913: pl. VI, fig. 7); and the
basal fragment of antler attached to a pedicle with a fragment of the frontal bone (Khomenko,
1913: pl. VI, fig. 7).

Locus typicus: Taraclia (Causeni District, Moldova).

Other sites: Cimislia, Chisla (Moldova).

Stratum typicum: the Upper Miocene of Taraclia, “Kagulsk Series” (Lungu and Rzebik-
Kowalska, 2011).

Description. The specimen described here represents a medium-sized deer. Cranial and
antler remains of mature individuals from Cimislia (Moldova) stored in LPUB confirm that the
main diagnostic features observed in the type specimen, which belongs to a juvenile individual,

are also present in mature individuals. Pedicles are relatively long, with the pedicle length
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exceeding the pedicle diameter even in mature individuals with fully grown antlers. The sharp
bony rib connecting the orbit rim with the pedicle base is also present in the skull of the young
mature male from Cimislia (LPUB, no number; Fig. A.8). However, these ribs are not preserved
in the older individual from the same locality (LPUB, Nr. 511). Fully grown antlers bear three or
four tines, with an unbranched basal tine located at a considerable distance from the burr and three
distal tines terminating the palmated part of the antler (Tab. A.2). The height of the first
ramification varies between 64 and 88 mm. The transverse section of the first tine is almost
triangular (Simionescu and Dobrescu, 1941). The two distal tines are usually coalesced and form
a distal terminal fork. The breadth of zygomatic arches is approximately 130 mm, and preorbital
fossae are very large and deep. Additionally, the mandible from Taraklia Nr. 465 (LPUB) exhibits
a primitive morphology of P4, with molars supplemented with basal pillars and a weak
Palaeomeryx fold.

The basal portion of the shed antler OF 1331 (MNHK) from the Late Miocene of Chisla
(Moldova) should also be assigned to D. bessarabiae. This antler exhibits distinct features such as
a high position of the first ramification (as shown in Table A.2), lateral compression of the antler,

and a square-shaped cross-section of the antler beam.

Genus Metadicrocerus Schlosser, 1924

Nomenclatural acts: In 1924, Schlosser proposed the genus name Metadicrocerus for
Procervus variabilis Aleksejev, 1913 from the Late Miocene of Eastern Europe to replace
Procervus Aleksejev, 1913, which is preoccupied by Procervus de Blainville, 1840 (the junior
synonym of Rangifer H. Smith, 1827) and by Procervus Hodgson, 1847 (the junior synonym of
Rucervus Hodgson, 1838). Subsequently, Godina et al. (1962: p. 372) designated Procervus
variabilis Aleksejev, 1913 as the type species of Cervavitus. However, under article 67.1 of the
International Code of Zoological Nomenclature, Cervavitus tarakliensis Khomenko, 1913 is the
only name-bearing type of the genus Cervavitus.

Procervus maeoticus Yatzko, 1932 is based on poorly preserved neurocranium with shed
antlers (Korotkevich, 1970) and requires revision. Korotkevich (1976) mentions Procapreolus cf.
maeoticus Korotkevich (sic!) from the Late Miocene of Horodne (Odesa Region, Ukraine), but it
is not clear to which material the cited author is referring.

Type species: Procervus variabilis Aleksejev, 1913.

Emended diagnosis: Antlers maintain the initial roe-deer bauplan. The first ramification

is situated rather low above the burr: the height of the ramification usually exceeds insignificantly
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the diameter of the antler above the burr, but often the first tine is situated very close to the burr.
The first tine in fully grown antlers is often flattened, dagger-shaped, bifurcated or supplemented
with an additional prong. The antler segment between the basal ramification and the distal fork is
relatively long. In fully-grown antlers, the antler beam is flattened and the distal antler bifurcation
extends into a broad bilobed palmation. Each palmation lobe may be terminated with two or three
distal tines. The first tine and the antler beam often develop three or four longitudinal ribs that give
a triangular or quadrangular shape to the antler sections. The pedicles are moderately long (the
pedicle height in adult individuals moderately exceeds the pedicle diameter), compressed
anteroposteriorly, divergent, and lie in the plane of the frontal bones. The frontal bones are devoid
of lateral ridges connecting pedicles with orbits. Nasal bones are long and almost reach the level
of the anterior margins of the orbits. The upper canines in males are moderately large (canine
crown length attains ca. 20 mm). Upper premolars are supplemented with an additional inner
enamel fold. The lingual wall of the upper second premolar is not cleft. Upper molars are
supplemented with an additional protoconal enamel fold, a well-developed enamel spur of
metaconule, and a small entostyle with a small but well-developed lingual cingulum. The lower
premolar series is relatively long (premolar/molar ratio is ca. 67%). The lower fourth premolar is
molarized. The lower molars have a well-developed Palaeomeryx fold and ectostylids.

Composition: the genus is monotypic.

Distribution: the Upper Miocene (MN12), southeast Europe.

Metadicrocerus variabilis (Aleksejev, 1913)

Nomenclatural acts: Korotkevich (1970: p. 33) reports a plesiometacarpal morphological
condition in “Cervavitus” variabilis, however, I could not verify this statement. The differences
in pedicle morphology and molarization of P4 between Cervavitus bessarabiensis and C. variabilis
might be estimated as taxonomical criteria at the genus level, if one applies the same taxonomical
criteria as for other cervid groups (for instance, in the case of modern Cervus and Dama). Schlosser
(1924) proposed the genus name Metadicrocerus for Procervus variabilis Alexejev, 1913 which
seems to be an available taxonomical solution.

Synonymy:

1913 Procervus variabilis gen. nov. et sp. nov.: Aleksejev, p. 2, text-figs. 1-3, tabs. 1-2.
1924 Metadicrocerus variabilis (Aleksejev, 1915): Schlosser, p. 75.

1970 Cervavitus variabilis (Aleksejev, 1915): Korotkevich, p. 32, fig. 8.

1990 Cervavitus variabilis (Aleksejev, 1913); Vislobokova, p. 153.

2011 Cervavitus variabilis (Aleksejev, 1913); Lungu and Rzebik-Kowalska, p. 43.
2014 Cervavitus variabilis (Aleksejev, 1915); Croitor, p. 120, figs 1, 2.

Syntypes: see Aleksejev (1913).
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Diagnosis: The body size is similar to that of modern fallow deer. The fully grown antlers
are large and palmated. Fossa praeorbitalis is large and deep: the diameter of the fossa praeorbitalis
in males attains ca. 70 % of the orbit diameter.

Locus typicus: the left flank of the Great Kuyalnik River valley near Petroverovka village
(Odesa Region, Ukraine).

Stratum typicum: the Late Miocene of the Great Kuyalnik River valley near
Petroverovka.

Other sites: Novoelizavetovka, Grebeniki, Nova Emetivka (Odessa Region, Ukraine),
Cimislia, Gura-Galbana (Moldova) (Korotkevich 1976; Lungu and Rzebik-Kowalska, 2011).

Description: Metadicrocerus variabilis is a more advanced form of cervid with short,
robust, and somewhat compressed anteroposteriorly oriented pedicles, and heavier antlers with
frequent supernumerary tines. The fully grown antlers are flattened and often have additional tines
in the distal part, while the basal tine may be bifurcated (Fig. 3.9). The skull (Nr. 43-1612 MNHK)
from Novoelizavetovka shows somewhat depressed frontal bones between the orbits, but no clear
bony ridges on the lateral sides. Instead, the frontal bones have smoothly rounded lateral ribs
connecting the orbit with the pedicle base, as seen in modern large-sized cervids. The posterior
edge of the nasal bones is rounded and does not reach the imaginary line connecting the anterior
edges of the orbits. The orbitofrontal part of the skull is short, with the anterior edge of orbits
situated above the anterior part of M2. The preorbital pits are very deep and large, accounting for
70% of the orbit’s horizontal diameter (Tab A.3). In terms of dentition morphology,
Metadicrocerus variabilis is notable for its large sabre-like upper canines in males, molarized P4,
lower molars with the Palaeomeryx fold, and a rather long lower premolar series (the mean
premolar/molar ratio amounts to 68%). The so-called "Palaeomeryx fold" of upper molars reported
by Korotkevich (1970: p. 55) is an accessory enamel fold of protocone, a morphological condition

known as the "bifurcated protocone".

Genus Palaeaxis Pohlig, 1911

Nomenclatural acts: The definition of the genus is quite vague. According to the
description provided by Pohlig (1911), the antlers of Cervus (Palaeaxis) loczyi are three-pointed,
with the high position of the first tine and the distal fork formed by the stronger anterior branch
and slender posterior branch. This type of distal antler bifurcation, similar to that seen in modern
roe and axis deer according to Pohlig's interpretation, is regarded as a transitional evolutionary

stage from primitive cervids to the deer of the modern type. Schlosser (1924) included C.
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(Palaeaxis) loczyi in Capreolus and supposed that Procapreolus from [Inner] Mongolia “was
certainly somewhat related to Capreolus loczyi Kormos” (sic). Korotkevich (1970) included C.
(Palaeaxis) loczyi in the genus Procapreolus. If one were to accept Korotkevich's (1970) proposal,
then Procapreolus Schlosser, 1924 would become a junior synonym of Palaeaxis Pohlig, 1911.
Palaeaxis, however, has been never used in systematic literature and may be considered nomen
oblitum, while Procapreolus would be recognized as nomen protectum. It is worth noting that the
collection of antler and frontal bone fragments described by Pohlig (1911) is not uniform and may
represent several ontogenetic stages of antler development of a cervid form that is different from
Procapreolus. The proximal antler fragment shown in Table VI is robust and resembles
Neomegaloceros gracilis from the Late Miocene of Ukraine, while the frontal bone fragment with
a short and robust pedicle (Pohlig, 1911: tab. VI, fig. 3) also resembles the morphology seen in N.
gracilis (Korotkevich, 1971). Therefore, at least some of the original material of Palaeaxis loczyi
cannot be included in Procapreolus.

The well-preserved three-tined antler from Polgardi described by Pohlig (1911) represents
the basic and generalized antler structure of Capreolinae that is characteristic of Procapreolus, as
well as Eocoileus, Capreolus, and Ozotoceros. Given the relatively conservative evolution of
antlers in Capreolinae, it is difficult to assume the synonymy of Procapreolus and Palaeaxis.
Therefore, a thorough revision of the original material from Polgardi is necessary.

Type species: Cervus (Palaeaxis) loczyi Pohlig, 1911.

Type locality: Polgardi (Fejer County), Hungary; Pannonian sandstone quarries near the
village (Pohlig, 1911).

Composition: the genus is monotypic.

Distribution: the Late Miocene, Central Europe.

Genus Capreolus Frisch, 1775

Diagnosis: Antlers are three-pointed, with a high position of the first tine and a relatively
short distance between the first and second ramifications. Antler burr is strongly developed. The
antler segment between the burr and first ramification is covered with pearling and irregular
tubercles. Pedicles are short, with parallel orientation and a short distance between them that
roughly equals the diameter of the pedicle. P4 is highly molarized. Upper canines are absent.
Protoconal folds in upper molars are missing. Nasal bones are extended behind the line connecting
the anterior edges of orbits. The posterior aperture of the nares is not divided completely by the

vertical plate of the vomer.
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Type species: Cervus capreolus Linnaeus (Linnaeus, 1766: p. 94).

Composition: C. constantini Vislobokova and Kalmykov, 1995 (Pliocene, Trans-Baykal
Area); C. cuzanoides Kahlke, 2001 (Early Pleistocene, Germany); C. suessenbornensis Kahlke,
1956 (Middle Pleistocene, Western Europe); C. pygargus Pallas, 1771 (modern, Siberia).

Distribution: Pliocene — Holocene of middle latitudes of Eurasia.

Description. This is a genus of telemetacarpal deer, belonging to the subfamily
Capreolinae. However, unlike the majority of its counterparts, the nasal cavity of Capreolus (at
the posterior aperture of nares) is not divided completely by the vertical plate of vomer. Instead,
Capreolus shares this characteristic with other Old World telemetacarpal deer, such as Alces and
Hydropotes (Brooke, 1878). Although Flerov (1952) regards the roe deer C. capreolus as a
primitive cervid that maintained some muntiacine traits, the cranial and dental morphology of
Capreolus is very advanced. The pedicles are rather short and set in a more vertical position when
compared to Procapreolus, with a short space between them. The nasal bones are long and
extended behind the line connecting the anterior edges of the orbits. The preorbital fossae are
small, much smaller than in Procapreolus. The upper canines are lost, similar to Alces, thus
representing one of the rare exceptions among modern Capreolinae that typically maintain their
upper canines throughout their lives. The protoconal fold in upper molars is lost, and the
Palaeomeryx fold is never present in modern species. However, it is recorded in the earliest known
species C. constantini from the Pliocene (MN16) of Udunga, Trans-Baikal Area (Vislobokova et
al., 1995). P4 is highly molarized, and the premolar/molar ratio varies between 69.6% and 74.6%,
indicating a generally longer premolar series than in Procapreolus (Vislobokova and Kalmykov,
1994). The antlers maintain the three-pointed bauplan, as seen in Procapreolus. However, roe deer
antlers are usually distinguished by the stronger development of burr and the specific pearling that

covers the proximal part of the antler beam, which differs from Procapreolus.

Capreolus cusanoides Kahlke, 2001

Diagnosis: body size is similar to modern European roe deer. Antlers are devoid of
tubercles, three-pointed, with compressed laterally distal portions. The lower premolar series is
very long (ca. 90% of the molar series length). Lower molars are devoid of the Palaeomeryx fold.

Type locality: Untermassfeld, Germany.

Stratum typicum: Lower Pleistocene, Epifillafranchian, ca. 1.02 Ma.

Description and comments. According to Kahlke (2001), Capreolus cusanoides
represents the earliest roe deer species known in western Eurasia. This deer is characterized as

small-sized, weighing approximately 38 kg, which is comparable in body size to modern European
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roe deer. Kahlke (2001) observed that the antlers of the roe deer from Untermassfeld display
significant similarities to those of Procapreolus cusanus, while the dentition morphology of C.
cusanoides 1s akin to that of modern roe deer. The only complete mandible (IQW 1993/24 360)
discovered from Untermassfeld displays an unusually long series of premolars, with a
premolar/molar ratio of 91.1%. This feature brings the roe deer from Untermassfeld closer to the
most primitive Late Miocene Procapreolus forms, such as P. ucrainicus, which also had a
relatively long premolar series. However, the premolar series of Procapreolus cusanus from
Perrier (France) is relatively shorter, and it is challenging to give an evolutionary and morpho-
functional interpretation for the exceptional length of the premolar series in roe deer from
Untermassfeld based on a single available specimen. Pedicles of C. cusanoides are described as
short and robust, indicating advanced evolutionary specialization. Notably, the antler morphology
of C. cusanoides is distinct from the typical Capreolus antler shape, since the presence of large
tubercles in the proximal part of antlers is an important diagnostic feature of the genus (Flerov,
1952; Lister et al., 1998). The oldest Pliocene roe deer species, Capreolus constantini, already
displays well-developed antler tubercles (Vislobokova et al., 1995). Thus, C. cusanoides appears
to be a specialized capreoline that does not conform to the evolutionary trend within the genus
Capreolus. Nevertheless, due to the scarcity of available remains, a definitive conclusion regarding
the systematic position of this species is not yet possible.
Capreolus suessenbornensis Kahlke, 1956
Synonymy:
1953 Capreolus capreolus (Linnaeus): Azzaroli, p. 32.

Diagnosis (Kahlke, 1969): body size is larger than in modern European roe deer. Three-
pointed antlers are characterized by strong spike-like tubercles and a flattened beam portion
between ramifications. Mandibles are relatively robust: mandible thickness below M attains more
than half of mandible height at the same point.

Locus typicus: Suessenborn, Germany.

Stratum typicum: Middle Pleistocene, ca. 600 kyr BP.

Distribution: the Middle Pleistocene of Western and Central Europe (Lister et al. 1998;
Stefaniak, 2015). This species is conspicuously absent from the paleontological record of Eastern
Europe (Alekseeva, 1977).

Description. Capreolus suessenbornensis is a larger form of roe deer, with a body mass
that could reach 40-45 kg. A flattened antler beam is the main morphological feature distinguishing
this species from modern roe deer. Lister et al. (1998) consider this character to be indicative of a

subspecific level. The lower part of the antler beam may coincide with the axis of the pedicle, as
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observed in the specimen M/K 4.7.66 (SMNH) from Mosbach, or deviate sideward immediately
from the burr, forming an angle of 65-70°, as seen in specimens 32860/9 and 32860/5 (SMNH)
from the same site.

The mandibular fragment 32860/3 (SMNH) from Mosbach is relatively robust, with a
height of 21.1 mm and 23.2 mm below M1 and M2, respectively, and a thickness of 11.9 mm and
12.3 mm below Mi and Mz, respectively. Although the measurements of the mandible from
Mosbach are similar to those of modern C. capreolus, the body of the mandible is more robust.
Specifically, the ratio between mandible thickness to mandible height below M is 56.4% for the
specimen in question, whereas in modern roe deer, this index ranges from 48.3% to 49.8% (n=3,
Uch-Bash, Iron Age, Crimea). Lower molars (M2 and M3) of the right mandibular fragment
32860/10 (SMNH) from Mosbach do not show any trace of the Palaeomeryx fold.

Capreolus capreolus (Linnaeus, 1758)

The modern European roe deer exhibits a set of advanced cranial characteristics, such as
the loss of contact between nasal and premaxillary bones in most cases, a V-shaped nasofrontal
suture due to nasal bones wedged between frontals, and a relatively shorter braincase compared to
Asian C. pygargus. The evolutionary significance and degree of specialization of specific
European roe deer traits, such as the shrunken and uninflated auditory bullae that distinguish it
from C. pygargus, is difficult to estimate (Flerov, 1952; Lister et al., 1998).

Many authors, including Czyzewska (1968), Korotkevich (1970), Vislobokova (1990),
Vislobokova and Kalmykov (1994), Grubb (2000), Kahlke (2001), and Di Stefano and Petronio
(2002), accept the close phylogenetic and systematic relationship between the modern Capreolus
and its Mio-Pliocene forerunner, Procapreolus. This is based on the fact that Capreolus and
Procapreolus share the basic antler bauplan characteristic of most of Capreolinae. This basic
capreoline antler construction, with a high position of the anterior tine and a distal fork with a
stronger anterior tine, can also be observed in modern Ozofoceros and Alces, as well as in the
extinct Eocoileus. However, our knowledge of cranial morphology for most fossil forms is
insufficient to confirm or reject the hypothesis of a direct phyletic relationship between Capreolus
and Procapreolus.

Western forms of Procapreolus likely represent an extinct side lineage without living
descendants. The best-known Procapreolus moldavicus is a primitive form with a plesiomorphic
mixture of muntiacine, odocoileine, and roe deer cranial and dental characters. Some of its
characteristics, such as broad frontals and divergent pedicles, rule out the direct phyletic
relationship between P. moldavicus and Capreolus. While the parallel orientation of closely set

pedicles in C. capreolus resembles the archaic capreoline genus Pliocervus, the latter is
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characterized by specialized four-pointed antlers with an irregular section of the beam. Thus, we
are dealing with a broad and poorly known phylogenetic radiation of the capreolines, characterized
by mosaic combinations of shared characters that exclude the possibility of direct phyletic

relationships between them.

Genus Neomegaloceros Korotkevich, 1971

Diagnosis: Pedicles are rather short, robust, and somewhat compressed anteroposteriorly.
Antlers are large and robust, with a very high position of the first tine, a posterior tine and distal
palmation terminated with several crown tines.

Type species: Neomegaloceros gracilis Korotkevich, 1971

Composition: the genus is monotypic.

Distribution: Late Miocene, Maeotian, MN 12, southern Ukraine.

Neomegaloceros gracilis Korotkevich, 1971

Diagnosis: The body size is an intermediary between roe deer and fallow deer. The first
tine is situated very high above the burr, unbranched, with a triangular cross-section. The antler
beam is flattened and above the first bifurcation and extends into a distal palmation, which is
terminated by several distal tines and bears a small posterior tine.

Holotype: Left antler with pedicle Nr. 3754 stored in the Paleontological Museum of the
Odessa State University. A cast of this specimen is stored in MNHK.

Locus typicus: Ananiev, Odesa District, Ukraine.

Stratum typicum: Late Miocene, Maeotian, MN 12.

Description. The basal segment of the antler has a nearly circular transversal section, with
the first tine located high above the burr (Tab. A.2) and its distal part having a triangular cross-
section. The first tine is at least 120 mm long, and the antler beam becomes compressed from the
sides below the first ramification. The median side of the antler is flat, while the lateral side is
convex. The posterior tine is significantly compressed from the sides and situated 213.6 mm from
the burr. The preserved part of the distal palmation is robust and appears to terminate with two
lobes and up to five tines, according to Korotkevich (1971). The antler beam above the burr has a
lateromedial diameter of 30.7 mm and an anteroposterior diameter of 33.5 mm. Korotkevich
(1971) reports that the total length of the antler can reach 340 mm. The pedicle is short, robust,
and anteroposteriorly compressed (L, 20.0 mm; DAP, 29.7 mm; DLM, 31.8 mm) and shows some
resemblance to Metadicrocerus variabilis. However, the present study measurements do not match

the lateromedial compression of the pedicle reported by Korotkevich (1971).
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It is possible that some of the material from the Late Miocene of Polgardi (Hungary)
described by Pohlig (1911) as Cervus (Palaeaxis) loczyi actually belongs to N. gracilis or a closely
related cervid species. The robust fragment of a shed antler and the frontal bone fragment with a
massive pedicle illustrated by Pohlig (1911) on Tab. VI suggest this possibility.

Unlike Damacerus bessarabiae, N. gracilis is characterized by short anteroposteriorly
compressed pedicles. N. gracilis also differs from N. variabilis in having a high position of the
first ramification and a thin, unbranched first tine. Korotkevich (1971) considered N. gracilis a
primitive ancestor of giant deer due to the development of the distal antler palmation and the
presence of a "posterior tine" that is comparable to the posterior tine in giant deer. The first
ramification, according to Korotkevich (1970), is homologous to the middle tine in Praemegaceros

verticornis and Megaloceros giganteus.

Genus Cervodama Pidoplichko and Flerov, 1952

Cervodama pontoborealis Pidoplichko and Flerov, 1952
Synonymy:
1952 Cervus (Cervodama) pontoborealis sp. nov.: Pidoplichko and Flerov, p. 1239, fig. 1.

1990 Cervodama pontoborealis (Pidoplichko and Flerov): Vislobokova, p. 158.
2006 Alces alces (Linnaeus): Croitor, p. 104-105, fig. 18.

Nomenclatural acts. The species was described by Pidoplichko and Flerov (1952) based
on a well-preserved left shed antler found in the Pliocene deposits of Mariupol (Ukraine).
Pidoplichko and Flerov (1952) noted that the palmated part of the antler resembled that of modern
Dama mesopotamica. However, Korotkevich (1970) and Vislobokova (1990) considered
Cervodama pontoborealis to be a deer with an uncertain taxonomic position, as it also exhibited
similarities with modern elk. Croitor (2006b) suggested that Cervus (Cervodama) pontoborealis
be included in the synonymy of modern Alces alces. Nevertheless, the specific characteristics of
the antler morphology and the uncontested Pliocene age of the antler from Mariupol indicate that
this deer represents a distinct form that belongs to the early evolutionary radiation of the subfamily
Capreolinae (Croitor, 2021).

Diagnosis: A small deer similar in size to modern fallow deer. The antler beam is very
short (ca 4 cm from the burr). The distal palmation is broad, fam-shaped and terminated by
several tines (up to seven). The two tines that spring off from the posterior part of the palmation
are stronger and longer than other antler tines.

Holotype: the almost complete shed left antler Nr. 434 stored in the Museum of Local
History of Mariupol.
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Locus typicus: Mariupol, Kalmius River mouth, Ukraine.

Stratum typicum: the Pliocene sands near the Kalmius River mouth (Late Miocene —
Pliocene according to Vislobokova, 1990).

Description. The antler found in Mariupol is characterized by a well-developed burr (D —
56 mm) and a relatively thin main beam that reaches a maximum diameter of 35 mm. The beam
forms a broad palmation 4 cm from the burr, which is fan-shaped with six radial tines, rather than
forming a clear main axis like antlers of a cervid similar to modern Dama mesopotamica. The
proximal part of the antler is a short basal segment, similar to modern Alces alces. The palmation
is well-developed but narrower than in modern elks, with an angle between the anterior and
posterior edges of 105°, compared to 180° in modern 4. alces. The antler has three long and robust
tines: the anterior tine, possibly bifurcated, represents the first capreoline ramification, while the
two strongest posterior tines correspond to the distal bifurcation. Four smaller tines are present
between the first ramification and the distal fork, resembling the way modern A. alces develops
additional prongs. The elk from Udunga (Baikal Area, Russia) has typical modern Alces sideward
orientation of pedicles, and its antler base diameters (40.3x43.0 mm, 59.3x65.0 mm: Vislobokova
et al., 1995) exceed those of the deer from Mariupol. Notably, the antlers of Cervodama resemble
those of Antifer ultra from the Pleistocene of South America, which represents an example of
convergent evolution.

Distribution: Late Miocene - Pliocene, Southeastern Europe.

Genus Croizetoceros Heintz 1970

Nomenclatural acts. Heintz (1970) assumed the plesiometacarpal morphological
condition for Croizetoceros, although this assumption remains unconfirmed. Pfeiffer-Deml (2016)
placed Croizetoceros in the subfamily Capreolinae and this viewpoint is followed in the present
study.

Diagnosis: see Heintz (1970).

Type species: Cervus ramosus Croizet and Jobert, 1828.

Composition: Croizetoceros ramosus (Croizet and Jobert, 1828) (Late Pliocene, Western
Europe); Croizetoceros proramosus Dong, 1996 (Early Pliocene, France).

Croizetoceros ramosus (Croizet and Jobert, 1828)
Diagnosis: see Heintz (1970).
Description. This is a relatively small deer with large, intricate antlers and advanced

dentition morphology (Heintz, 1970). Its estimated body mass is around 50-55 kg. The antler shape
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of C. ramosus is distinctive and does not show a clear affinity with any known group of cervids.
The basal tine is positioned high above the burr, followed by a series of crown tines inserted on
the anterior side of the beam, with more or less equal distances between them. A fully grown antler
may have 6-8 tines (Heintz, 1970). The cheek teeth morphology exhibits the unusual Pliocene
Cervinae combination of characters: P4 is always molarized, the Palaeomeryx fold can be vestigial
or absent, and the small protoconal fold and hypoconal enamel spur are present in upper molars.
The cranial remains of C. ramosus are rather sparse and do not provide systematically significant
characteristics. The antlered skullcap 1923-4 from Séne¢ze (MNHN) is one of the most complete
specimens (Fig. A.10). The frontal bones are flattened, and the forehead behind the orbits is sharply
narrowed (the breadth at posterior edges of orbits is 118.5 mm; the frontal breadth is 85.3 mm; the
breadth behind pedicles is 71.6 mm). The pedicles are rather short (their length does not exceed
transversal diameter), divergent, and somewhat inclined caudally; the parietal bones are flat, and
the braincase seems to be relatively long. According to Heintz (1970), the preorbital pits are large
and deep, and the ethmoidal openings are large. Heintz (1970) also cites J. Viret's statement
regarding the presence of upper canines. The relative length of the lower premolars is similar to
Pliocervus (66%).

There is no conclusive evidence of the presence of C. ramosus in Central and Eastern
Europe, except for some sparse Early Villafranchian remains from Poland and Slovakia
(Czyzewska, 1972; Stefaniak, 1995, 2015; Sabol, 2003). C. ramosus was abundant in the
Villafranchian of Western and Mediterranean Europe (Heintz, 1970; Kostopoulos and
Athanassiou, 2005) and became extinct shortly after the Pachycrocuta/"wolf" event. It appears
that C. ramosus was an ecological counterpart of Procapreolus moldavicus, which, in turn, is not
known in Western Europe but is prevalent in Central and Southeastern Europe. There are no
remains of Croizetoceros or a similar cervid found in Asia, indicating that Croizetoceros is an
endemic European genus. Dong (1996) described Croizetoceros proramosus from the Early
Pliocene of France. The species is based on dental remains only, and we know nothing about its
antlers and other parts of the skeleton. This species is already characterized by the advanced
molarization that distinguishes it from the deer of the subfamily Cervinae of that epoch

Distribution: Pliocene — Early Pleistocene (MN16-18), Western Europe.

Genus Alces Gray, 1821
Synonymy:

Alce Cuvier et al., 1827
Praealces Portis, 1920
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Libralces Azzaroli, 1952
Latifrons Nikolsky, 2010

Nomenclatural acts: The Latin zoological name for elks is alce, with the plural form alces,
which appears in pre-Linnean publications (Gessner, 1551: p. 1; Aldrovandi, 1621: p. 866;
Jonston, 1652: p. 96; Ray, 1693: p. 86). In 1821, Gray established the genus Alces within the
composition of Cervidae, with the type species Cervus Alces Linneus. Later, Cuvier et al. (1827)
described the subgenus Cervus (Alce) with a diagnosis and synonymy. The authorship is attributed
to H. Smith (see Lydekker, 1913), and Alce H. Smith falls in the synonymy of Alces Gray
(Lydekker, 1913).

Azzaroli (1952) established a new genus, Libralces, with the type species Libralces
gallicus from the Villafranchian fauna of Séné¢ze. It is distinguished by its primitive cranial and
dental characters, such as the long nasal bones articulated with premaxillary bones and the
Palaeomeryx fold in the lower molars. Later, Azzaroli (1985) proposed regarding Libralces as a
subgenus of the North American genus Cervalces Scott, 1885, which is characterized by a similar
shape of the muzzle. Vislobokova (1986, 1990) and Boeskorov (2001) recognize three valid genera
of'elks: Libralces Azzaroli 1952 with the type species Libralces gallicus Azzaroli, 1952; Cervalces
Scott, 1885 with the type species Cervalces scotti (Lydekker, 1898), and the modern genus Alces.

Breda (2001) and Stefaniak (2007) included all fossil elks in the genus Cervalces. This
taxonomical solution is accepted by Nikolsky (2010), who divides Cervalces into three subgenera:
Libralces, Cervalces, and Latifrons. According to Nikolsky (2010), Cervus latifrons Johnson,
1874 is the type species of the subgenus Cervalces. On the other hand, Kahlke (1969), Heintz and
Poplin (1980), Lister (1987), and Brugal and Croitor (2007) included all elk species in Alces. In
defense of the latter point of view, it can be pointed out that all recorded characters distinguishing
fossil and modern forms of elks concern only exosomatic organs (muzzle shape and details of
antler morphology) and body size, which are used to distinguish species within a genus.

Diagnosis: The nasal cavity (at the posterior aperture of the nares) is not divided
completely by the vertical plate of the vomer. The pedicles are directed sideward, and the antler
beams are horizontally oriented sideward and greatly vary in length. The general bauplan of
unpalmated elk antlers maintains the basic antler type of Capreolinae. The general antler
construction is characterized by the development of main 3-5 tines: the first (basal) tine is directed
toward the anterior, often double or bifurcated; the antler beam is bent toward the posterior in the
area of the first bifurcation and the simplest case is terminated by a fork, but supernumerary tines
are often present on the anterior side of the beam. Antlers often develop distal palmations. Lower

premolars P3 and P4 are highly molarized: P4 is functionally molariform, while P3 represents the
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advanced degree of molarization with complete fusion of metaconid and paraconid. The lower
molar series is relatively long: the premolar to molar series length ratio varies between 67.0 and
74.3%. The Palaeomeryx fold is present in primitive forms.

Type species: Cervus alces Linnaeus, 1758.

Composition: 4. alces (Linnaeus, 1759) (Late Pleistocene — Holocene, boreal parts of
Eurasia and North America, America de Nord); A. gallicus (Azzaroli, 1952) (Early Pleistocene,
Central Asia — Western Europe), A. carnutorum (Laugel, 1862) (late Early Pleistocene, Europe),
A. latifrons (Johnson, 1874) (Muddle Pleistocene, middle latitudes of Eurasia).

Distribution: Pliocene - Holocene; North Eurasia and Northern America.

Comments. The elks are telemetacarpal deer. However, unlike American telemetacarpal
cervids, their nasal cavity at the posterior aperture of nares is not completely divided by the vertical
plate of the vomer. This specific characteristic brings Alces closer to Capreolus and Hydropotes
and distinguishes them from their American counterparts (Brooke, 1878). In Alces, evolutionary
modifications of antler morphology concern only the number of supernumerary points, which
typically merge in a terminal antler palmation, and the length of the basal segment of the antler,

which is located between the burr and the first/basal ramification.

Alces gallicus (Azzaroli, 1952)
Synonymy:

1952 Libralces gallicus sp. nov.: Azzaroli, p. 134, fig. 1.

1953 Libralces minor ssp. nov.: Azzaroli, p. 18, fig. 4.

1985 Cervalces (Libralces) gallicus Azzaroli, 1952: Azzaroli, p. 179.
2010 Cervalces (Libralces) minor (Azzaroli, 1952): Nikolsky, p. 13.
2010 Cervalces (Libralces) gallicus (Azzaroli, 1952): Nikolsky, p. 13.

Nomenclatural acts: In 1952, Azzaroli designated the heavily damaged and partially
reconstructed articulated skeleton Nr. 96134 (PMUL) as the holotype of Libralces gallicus.
However, Breda (2001) expressed doubts that the antlered skull and postcranial mounted skeleton
exposed in the PMUL belong to the same individual and excluded the mounted postcranial bones
from the holotype. According to Breda (2001), the better-preserved articulated bones of a
somewhat larger individual from the same locality, which Azzaroli had chosen as the cotype,
belong to the same individual together with the antlered skull. Therefore, Breda proposed that
those postcranial bones should be considered as parts of the holotype of Libralces gallicus.

Diagnosis: The nasal bones are articulated with premaxillary bones. The braincase is
relatively short: the distance between bregma and opisthocranion is shorter than the breadth of the

neurocranium behind pedicles. Upper molars are characterized by the presence of a large
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protoconal fold; the hypoconal spur is absent. A weak Palaeomeryx fold may occasionally be
present on lower molars. P3 is not fully molarized: its metaconid and paraconid are not fused.
Beams of full-size antlers are longer than the condylobasal length of the skull. Antlers are
terminated with fan-shaped palmations.

Holotype: partially reconstructed articulated skeleton Nr. 96134 (PMUL).

Locus typicus: Séneze, France.

Stratum typicum: the Early Pleistocene lacustrine “maar” deposit dated back to 2.0-1.6
Ma (Breda, 2001).

Description. The skull of 4. gallicus is characterized by the specific sideward direction of
the pedicles, a feature also seen in modern elks, and is distinguished from modern A. alces by its
low and broad braincase (Azzaroli, 1952; Breda, 2001) and the obtuse angle between occipital and
parietal surfaces. The nasal bones are rather long and articulated with the praemaxillae. The orbital
part of the type skull is destroyed and has been reconstructed with plaster, making it impossible to
measure the condylobasal length accurately. The distance between bregma and opisthocranion is
shorter than the breadth of the neurocranium behind pedicles in the skull M6101 from East Runton
(Tab. A.4). The breadth of the braincase is 51.2% of the breadth of the frontals. The angle between
the horizontal ramus of the mandible and its ascending part is 110° (Azzaroli, 1953: p. 28, fig.
10A). Based on the holotype skull from Sénéze and the skull fragment from East Runton (M6101,
NHML), the estimated body mass is approximately 400 kg.

One of the most striking morphological features of 4. gallicus is the extremely long basal
segment of the antler between the burr and the distal palmation. The antler beam is set along the
pedicle axis, and the position of the burr is oblique to the beam axis (Breda, 2001). The antler
beams of the type specimen are gently curved and terminate with fan-shaped palmations
supplemented with cone-shaped tines, with only two terminal tines preserved on the left antler.
The antler beam is much longer than the palmated part of the antler. The total span of antlers could
reach up to 2.20 m (Azzaroli, 1952).

The upper molars, including at least M, are characterized by the presence of a large
protoconal fold, while the hypoconal spur is absent. Large entostyles and weak lingual cingula
supplement the upper molars (Breda, 2001). The lower molars have strong ectostylids. Azzaroli
(1952) initially claimed that the lower molars of the mandible from Weybourne Crag, ascribed to
A. gallicus, had a weak Palaeomeryx fold. However, Heintz and Poplin (1980) and Breda (2001)
have since disproven this claim, as it is not visible in the holotype from Sénéze. Nonetheless,
Azzaroli (1952) was clearly referring to the specimen from Weybourne Crag, not to the type

specimen from Sénéze. My study confirms that the weak Palaeomeryx fold is present in M1 and
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M2z of specimen M6227, the holotype of Libralces minor. Nikolsky and Titov (2002) also reported
the presence of a weak Palaeomeryx fold in the lower molars of A. gallicus from Liventsovka,
Russia. Therefore, the occasional presence of a vestigial Palacomeryx fold should be considered
a specific character of A. gallicus. Azzaroli (1952, 1953) suggested the possible presence of upper
canines in 4. gallicus, but this presumption was not confirmed by other authors (Heintz and Poplin,
1980; Breda, 2001).

Unlike geologically younger elks, P3 in A. gallicus has not fully molarized: the metaconid
and the paraconid in P3 of the specimens M6227 and M6206 from the Cromer Forest Bed
formation are not fused (Azzaroli, 1953: fig. 4) and this feature represents a distinguishing
primitive character. It is difficult to make a reliable comparison with the holotype from Sénéze,
which is characterized by a complete fusion between the metaconid and the paraconid (Azzaroli,
1952: fig. 2a), but the wearing stage of its dentition is much more advanced. It is important to
mention that the similarly unmolarized P3 with the open anterior valley is also characteristic of
Cervalces scotti Lydekker from the Holocene of North America (Hibbard, 1940: pl. 11, fig. 1).

Distribution. Remains of 4. gallicus are known from France, England, Romania, the Azov
Area of Russia, and Tajikistan (Azzaroli, 1952, 1953; Heintz and Poplin, 1980; Vislobokova,
1986; Boeskorov, 2001; Nikolsky and Titov, 2002; Breda and Marchetti, 2005; Radulescu, 2005).
However, the fragment of antler palmation from Dmanisi previously reported as 4. gallicus

(Krijgsman et al., 2019) has been re-determined as belonging to Sinomegaceros insolitus.

Alces carnutorum (Laugel, 1862)
Synonymy:
1862 Megaceros carnutorum sp. nov. (partim): Laugel, p. 712, fig. 1.
1874 Cervus carnutorum (Laugel, 1862): Johnson, p. 3.
1980 Alces carnutorum (Laugel, 1862): Heintz and Poplin, p. 107, figs. 1, 2.
2007 Cervalces carnutorum (Laugel, 1862): Stefamiak, p. 75, tabs. I-III; figs. 1-1F, 2-9.
2010 Cervalces (Libralces) carnutorum (Laugel, 1862): Nikolsky, p. 13.

Nomenclatural acts: Laugel’s (1862) original description of Megaceros carnutorum was
based on cervid remains from Saint-Prest (France) that included remains of two large-sized deer:
an elk and a plesiometacarpal deer. The first review of the species was conducted by Heintz and
Poplin (1980), who chose the fragment of the left maxilla SPR-70 (MNHN) as a lectotype. Given
the fragmentary and incomplete nature of the fossil material from Saint-Prest, Heintz and Poplin
(1980) did not rule out the possibility of A. carnutorum being a subspecies or synonym of 4.

gallicus or A. latifrons.
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Diagnosis: the body size is intermediate between A. gallicus and A. latifrons. Protocone
in upper molars is bifurcated. The enamel folds of the bifurcated protocone tend to get in touch
at their ends and isolate an enamel fold. The entostyles in the upper molars are well-developed.

Lectotype: fragment of the left maxilla SPR-70 (MNHN) with M' and M2,

Locus typicus: Saint-Prest, France.

Stratum typicum: the final Early Pleistocene

Description. Molars of A. carnutorum have low crowns with a strongly sloped lingual
wall, resulting in an angle of 50° between the labial and lingual walls of the molars. The posterior
wing of the protocone is supplemented by a protoconal fold, and both the protoconal fold and the
posterior wing of the protocone in M' and M? tend to close the small enamel isle between them.
While the hypoconal spur is not present in M', it is well-developed and folded in M?. The entostyle
is also well-developed, particularly in M?. The length of the M! crown measures 27.1 mm, and the
maximum breadth at the crown base is 28.3 mm; the corresponding measurements for M? are 30.3
mm and 29.0 mm.

Stefaniak (2007) reported on the poor remains of A. carnutorum recovered from the
Biharian deposits of Zabia Cave. These remains comprised of isolated teeth, fragments of
mandible, and limb bones. The isolated incisives (Ii and I2) exhibited symmetric chisel-like
crowns, which are also characteristic of modern 4. alces. Additionally, the isolated P3 (as shown
in Stefaniak, 2007: fig. 1B) displayed incomplete molarization, similar to that observed in A.
gallicus from the Cromer Forest-Bed formation. Further examination of the upper molars from
Zabia Cave (L M1 = 25.3-25.9 mm, n=2; L M2 = 27.6-28.8 mm, n=2) revealed that they were
slightly smaller than the lectotype from Saint-Prest. The fragment of the mandible from Zabia
Cave is characterized by a more acute angle (96°) between the mandibular body and its ascending
part compared to the modern elk (110°) (Stefaniak, 2007). This acute angle between the horizontal
and ascending parts of the mandible is associated with a relatively shorter orbitofrontal part of the
skull in the elk from Zabia Cave. Notably, the presence of the Paleomeryx fold was not reported
(Stefaniak, 2007).

The pedicle of A. carnutorum from Saint-Prest is robust and directed sideways, with a
somewhat compressed dorsoventral diameter similar to that of A. gallicus, measuring 55 mm in
the dorsoventral direction and 60 mm in the anteroposterior direction (Heintz and Poplin, 1980).
The postorbital (=frontal) breadth, based on the left frontal bone which was badly preserved,
measured 210 mm, slightly below the measurements of the elk sample from Mosbach (220-230

mm according to Heintz and Poplin, 1980) and A4. gallicus from East Runton..
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Distribution. The species is reported from France, Germany, Northern Italy, Romania,
Moldova and Poland (Heintz and Poplin, 1980; Kahlke, 1997; Radulescu, 2005; Stefaniak, 2007).
Alces sp. from Mosbach

Description. The discovery of elk remains from Mosbach (Germany) exposes the
inadequacy of the current taxonomic model for fossil elks and highlights the insufficient
knowledge of their morphology and intraspecific variation. Despite the abundance of elk remains
from Mosbach, they cannot be confidently assigned to any recognized species due to the unknown
stratigraphic provenance of the material. Mosbach contains two distinct levels; one is comparable
in age to other European sites with 4. /atifrons, and the other to European sites with A. carnutorum
(Breda and Marchetti, 2005). The inability to assign the Mosbach material to a specific species
highlights the need for a more comprehensive understanding of the morphological distinctions
between the aforementioned species. Notably, the left hemimandible 3286/5 (SMNH) displays a
weak trace of the Palaeomeryx fold in M1 and Mz (Fig. A.11). M3 also exhibits an enamel fold that
bears similarity to the Palaeomeryx fold. P4 is molariform, and P3 is molarized, with its metaconid
and paraconid fused and closing the anterior valley from the lingual side.

The advanced molarization of P3 distinguishes the elk from Mosbach from samples
described as A. gallicus and A. carnutorum. The angle between the body of the lower mandible
and its ascending part is 130°, which is significantly larger than the value reported for A.
carnutorum from Zabia Cave. The fragment of the right hemimandible 32861/33 (SMNH) from
Mosbach with M2 also shows a clear rudiment of the Palaeomeryx fold.

The maxilla Nr. 32861/8 with M? and M? (L M? = 33.0 mm; D M? = 31.0 mm; L. M® =
31.1 mm; D M? =30.0 mm) is somewhat larger than the lectotype of A. carnutorum. The styles of
both molars are strong and protruding, and the protoconal fold is present, which, together with the
posterior wing of M?, isolates a small enamel isle as in 4. carnutorum. The spur of the hypocone
is absent in M? and well-developed in M. The entostylid is vestigial in M? and better developed
in M?, but much still smaller compared to the lectotype of 4. carnutorum.

The elk from Mosbach is characterized by advanced features such as the absent lingual
cingulum and reduced entostylids, molarized P, larger angle between the mandibular body and
the ascending ramus of the mandible, combined with comparatively small size and a vestigial
Palaeomeryx fold.

Alces latifrons (Johnson, 1874)

Synonymy:

1874 Cervus latifrons sp. nov.: Johnson, p. 2, pl. 1.
1920 Cervus (Praealces) latifrons Dawkins et Johnson: Portis, p. 137.
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1953 Libralces reynoldsi sp. nov.: Azzaroli, p. 19, figs. 5b, 6-8, 9c.

1953 Libralces latifrons (Johnson, 1874): Azzaroli, p. 27, figs. 10b, c, 11.
1962 Alces palmatus Ham. Smith: Macarovici, p. 66, pls. 1, 2.

2010 Cervalces (Latifrons) latifrons (Johnson, 1874): Nikolsky, p. 13.

Nomenclatural acts: The original description of Cervus latifrons provides a diagnostic
description along with measurements and figures (Johnson, 1874). Azzaroli (1953) proposed a
new species name, Libralces reynoldsi, for an extremely large form of elk from Mundesley and
the Cromer Forest Bed Formation. According to Azzaroli (1953), Libralces reynoldsi is a large-
sized descendant of Libralces gallicus. Azzaroli (1953) included Cervus latifrons in the genus
Libralces, but considered this species as poorly defined, with an intermediate body size between
gallicus and reynoldsi.

Diagnosis: the braincase is relatively long: the distance between bregma and
opisthocranion measured in the skull from Mundesley is significantly longer than the braincase
breadth measured behind pedicles. The protoconal fold in the upper molars is weak. The metaconid
and the paraconid of P? are fused. Antler beams are shorter than condylobasal length. The palmed
part of the antler is larger than the antler beam.

Syntypes: A left antler with a part of palmation and anterior tine attached to a part of the
frontal bone and a nasal portion of the left antler attached to the frontal bone, Norwich Museum,
both figured by Johnson (1874).

Locus typicus: Hasbro (= Happisburgh: Azzaroli, 1953), Forest-Bed, Norfolk.

Stratum typicum: Middle Pleistocene.

Description. This is one of the largest fossil cervid species in the Western Palearctic, with
a body mass estimated at 870 kg based on the skull M6553 from Mundesley, NHML. The skull
M6553 is characterized by its elongated neurocranium in comparison to 4. gallicus, with the
distance between bregma and opisthocranion significantly longer than the braincase breadth
measured behind pedicles (Table A.4). The relatively long braincase is considered a primitive trait
in cervids (Vislobokova, 1990), and the neurocranium of A. latifrons from Mundesley is more
primitive than that of 4. gallicus. The braincase is also relatively narrow for the frontal bones,
attaining 46% of the frontal breadth.

The maximal span of antlers reached 2.5 m (Azzaroli, 1953). The distal palmation is fan-
shaped, with long radially oriented tines. The length of the cylindrical beam and the palmated part
of the antler roughly represents a proportion of 40:60 (Kahlke, 1969: Table XXVIII). The antler

burr is perpendicular to the longitudinal axis of the pedicle and beam.
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The metaconid and paraconid of P are fused in the specimen from Mundesley (Azzaroli,
1953: Fig. 11) and in the lower mandibles from SiiBenborn (Kahlke, 1969: Figs. 4, 5). Some
isolated upper molars from Siilenborn are characterized by the weak presence of a lingual
cingulum as seen in A. gallicus (Kahlke, 1969: Fig. 3). The protoconal fold is weak, especially in
molars in the advanced stage of wear. In some molars, the posterior wing of the protocone includes
a small enamel isle that resulted from the fusion of the protoconal fold with the posterior wing of
the protocone (Kahlke, 1969: Fig. 3).

Distribution. The Middle Pleistocene of Europe (with exception of the Iberian Peninsula)
and Western Siberia.

Alces alces (Linnaeus, 1758)

Synonymy:

1758 Cervus alces L.: Linnaeus, p. 92.

Diagnosis: see Flerov (1952)

Locus typicus: Southern Sweden.

Description. The cranial morphology of modern elks exhibits remarkable apomorphic
characters, such as the premaxillary region's elongation and the loss of contact between the
extremely long praemaxillae and nasals in all extant forms. Additionally, the nasal bones are short,
the nasal aperture is sizable, and the vomer does not divide the aperture of the posterior nares
(Franzmann, 1981; Breda and Marchetti, 2005). Nonetheless, nasopremaxillary contact has been
maintained in the extinct Caucasian subspecies A. alces caucasicus Verestchagin, 1955. The angle
between the parietal and occipital surfaces of the braincase is acute, while both sexes lack upper
canines. Moreover, the upper molars in modern A. alces are characterized by a protoconal fold,
which is still visible in M? (Lydekker, 1915: p. 231, fig. 35). According to Nikolsky and Boeskorov
(2011), the European elk displays a higher frequency of advanced morphological variants of P3,
such as disjunction between protoconid and metaconid and between protoconid and hypoconid,
when compared to elks from East Siberia.

The shape and development of antler palmation are known to vary within the species and
even within the same elk population. While the antlers of the subspecies A. alces caucasicus and
A. alces cameloides Milne-Edwards, 1867 (= A. americanus cameloides tfide Boeskorov, 2001)
are typically unpalmated, underdeveloped palmation has also been observed in other subspecies
as individual variants. Unpalmated elk antlers follow a typical tree-pointed capreoline bauplan.
The degree of palmation development in elks is influenced by individual age, quality of nutrition,
and physical condition (Flerov, 1952). The antler beam is short and cylinder-shaped, much shorter
than the breadth of the cup-shaped palmated portion of the antler. Among the elk species, the
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antlers of modern A. alces are less specialized and closer to the initial capreoline antler type. The
area of distribution of A. alces includes the circumpolar boreal forests of Eurasia and Northern
America (Flerov, 1952; Franzmann, 1981; Boeskorov, 2001).

Distribution. The earliest record of modern elk in Europe dates back to the lower
Paleolithic, during the border between the Middle and Upper Pleistocene, as reported by Stefaniak
(2007) or, according to Kurten (1968), during the Riss Glaciation (200-100 ky BP). Some authors,
including Voros (1985), Breda and Marchetti (2005), and Stefaniak (2007), suggest that "Alces
brevirostris Kretzoi" from the Quaternary deposits of Solymar-Orddglyuk Cave (Hungary),
represents a transitional form between 4. latifrons and A. alces.

Comments. According to Voros (1985), 4. brevirostris Kretzoi is characterized by longer
nasal bones articulated with premaxillary bones and a relatively long antler beam. However, it is
important to note that the species name “Alces brevirostris Kretzoi” is not valid because Kretzoi’s
manuscript containing the species description was never published and the original cranial material
he studied has since been lost. Therefore, the brief report published by Vords (1985), which
describes the postcranial articulated skeleton with a figure of a shed antler, should be considered

as the formal description of Alces brevirostris Voros, 1985.

Genus Rangifer H. Smith, 1827
Diagnosis: see Flerov (1952).

Comments. The genus Rangifer is distinguished by a short and broad braincase, small
upper canines, and large, complex antlers that are present in both sexes and highly variable in
shape. In reindeer, the antlers typically have two anterior tines inserted in the lower part of the
beam, a distinct posterior tine in the middle part of the beam, and multiple posterior crown tines
that often form a small palmation. The nasal cavity of reindeer is divided by the vertical plate of
the vomer at the posterior aperture of the nares (Vislobokova, 1990).

Type species: Cervus tarandus Linnaeus, 1758.

Composition: Rangifer tarandus (Linnaeus) (Middle Pleistocene — Holocene), Rangifer
sp. nov. (Early Pleistocene of Isakovka-4southern Siberia: Bondarev et al., 2017).

Distribution: The earliest presence of reindeer in Europe is reported from the early Middle
Pleistocene of Germany, France, and England (van Kolfschoten et al., 2011); however, only
German reindeer fossils from Mosbach and Siilenborn were the subject of systematic and
taxonomical study (Kahlke, 1963, 1969). The antlered reindeer braincase from the Middle

Pleistocene of Mosbach sands is characterized by a very low position of the first (= ice) tine and
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the second (= ocular) tine and a simple branched distal crown. Kahlke (1963) described the
reindeer from Mosbach and Siilenborn as the new subspecies Rangifer arcticus stadelmanni (= R.
tarandus stadelmanni Kahlke, 1963 fide Croitor, 2010; van Kolfschoten et al., 2011) and assumed
its close relationship with the barren-ground caribou of North America.
Rangifer tarandus (Linnaeus, 1758)
Synonymy:

1820 Cervus guettardi sp. nov.: Desmarest, p. 447.

1829 Capreolus tournalii [sp. nov.]: De Serres, p. ixv.

1829 Capreolus leufroyi [sp. nov.]: De Serres, p. ixv.

1829 Cervus reboulii [sp. nov.]: De Serres, p. ixv.

1846 Cervus bucklandi sp. nov.: Owen, p. 485, fig. 200.

1909 Rangifer tarandus diluvia ssp. nov.: Rutten, p. 71, tab. 2, fig. 10.
1914 Rangifer tarandus fossilis Owen: Sobolev, p. 1, pls. 1, 2.

1967 Rangifer guettardi (Desmarest): Bouchud, p. 237.

1983 Rangifer tarandus guettardi (Desmarest): Belan, p. 26.

Nomenclatural acts: Desmarest (1820) described a new species, Cervus guettardi, based
on Cuvier's (1823) brief description of fossil reindeer antlers from Etampes. Bouchud (1967) later
applied the name "Rangifer guettardi" to reindeer remains from the grotto near Foix (France) dated
back to 7,100 years BC. The reindeer from Foix is of a comparable size to the reindeer represented
by the fine complete skeleton from Villestofte (Denmark), which is also dated back to 11,000 years
BC (Bouchud, 1966). Lydekker (1886) considered Cervus guettardi Desmarest a junior synonym
of Rangifer tarandus (Linnaeus).

Owen (1846) described a new species, Cervus bucklandi, based on a basal fragment of a
shed antler from the cave of Kirkdale. According to Owen, the antler from Kirkdale is very similar
to C. guettardi but somewhat larger. Alekseeva (1980) reported a broad morphological variability
of antlers and frequent underdevelopment of basal tines in Late Pleistocene reindeer from
Southwestern Siberia. Therefore, C. bucklandi Owen, 1846 is another junior synonym of R.
tarandus. Owen (1846) also reported a fine antlered skull of a reindeer from Bilney Moor near
East Dereham, England. The antlers are rather thin and cylinder-shaped, resembling R. tarandus
tarandus and R. tarandus stadelmanni from Mosbach. The reindeer from Bilney Moor represents
a relatively small-sized form; however, only its breadth at pedicles (76.2 mm) is reported.

Sobolev (1914) reported finding some remains of reindeer in the Krasnoyarsk area of
southern Siberia, identified as R. tarandus fossilis Owen (although the authorship granted to Owen
is not correct) and of unknown geological age. The remains include those belonging to a small-
sized form similar to R. tarandus tarandus (Sobolev, 1914: tab. 1, fig, 2), as well as those

belonging to a larger, more robust form similar to the reindeer from Villestofte (ibidem, tab. 1, fig.

).
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Rutten (1909) based his extinct subspecies R. tarandus diluvii on fossil remains stored in
the zoological museums of Utrecht and Leiden in the Netherlands. The main distinguishing
character of Rutten's taxon is the asymmetric, underdeveloped, or missing subbasal antler tine (or
"ocularspross,” according to Rutten, 1909: 71). Therefore, R. tarandus diluvii Rutten, 1909 is
similar to C. bucklandi Owen, 1846. The asymmetric and underdeveloped subbasal tine is common
in reindeer, and R. tarandus diluvii Rutten, 1909 is most likely just another synonym of Rangifer
tarandus Linnaeus.

The bibliographic data summarized by Bouchud (1966) demonstrates the inconsistency of
reindeer systematics based on the shape of the antler beam. The unclear taxonomical criteria and
poorly defined fossil Eurasian reindeer taxa create confusion and require thorough taxonomical
and systematic study of fossil reindeer in the future

Diagnosis: see Flerov (1952)

Locus typicus: Sweden.

Description. The taxonomical challenges associated with fossil reindeer, as well as the
well-known eco-morphological adaptability of the species, pose a significant obstacle to the study
of fossil reindeer remains. As a result, students often classify reindeer fossils into general eco-
morphological types, such as forest/woodland or tundra/barren-ground types (Bouchud, 1966;
Ermolova, 1978; Alekseeva, 1980; Croitor, 2010a). However, this approach may oversimplify the
matter, as the morphological variability of the vast number of reindeer fossils remains poorly
understood. Several well-described subspecies of fossil reindeer have been identified in the
western Palearctic.

Distribution. According to Geist (1998), the first dispersal event of reindeer in Eurasia
occurred during the Riss Glaciation. The earliest occurrence of reindeer is documented in
StiBenborn (Germany) where R. arcticus stadelmanni was recorded (Kahlke, 1969). The earliest
presence of reindeer in Europe was also recorded in the early Middle Pleistocene of Germany,
France, and England (van Kolfschoten et al., 2011); however, only German reindeer fossils from
Mosbach and Siilenborn were the subject of systematic and taxonomical study (Kahlke, 1963,
1969). The modern distribution area of reindeer has a circumboreal character. During the Late
Pleistocene, the area of distribution of reindeer ranged from the northern coast of the Black Sea to
the Alps and Pyrenees, including the northern coast of the Iberian Peninsula (Flerov, 1952).

Rangifer tarandus hibernicus Scharff et al., 1917

Scharff et al. (1917: 63) established R. tarandus hibernicus as a subspecies of extinct

reindeer from Ireland based on a relatively complete antlered skull from the Ashbourne bog

(figured in Carte, 1864) and fragmented osteological material from Castlepook Cave (Ireland).
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While following the diagnostic characters for the modern reindeer proposed by Lonnberg (1909),
Scharff et al. (1917) provided only measurements and a morphological description of the nasal
bones of the Ashbourne skull. The nasal bones are flat, similar to those of R. tarandus tarandus
from Sweden, with a relatively large nasal cavity and a nasal bone breadth and length of 16 mm
and 131 mm, respectively. The antlers of the Ashbourne skull are large and richly branched, with
main beams and basal tines terminating in broad palmations resembling those of the reindeer from
Villestofte. Bouchud (1966) dated the Ashbourne skull to the Allerod oscillation (10,000 years
BC).
Rangifer tarandus tournalii (De Serres, 1829)
Synonymy:

1829 Capreolus tournalii [sp. nov.]: De Serres, p. ixv.

Diagnosis: a comparatively large form of reindeer similar in size to modern forest
reindeer. Antlers are compressed lateromedially. Cheek teeth are moderately large.

Holotype: the proximal fragment of the right antler with a pedicle and a part of the frontal
bone (Fig. A.12, Tab. A.5). The specimen is stored in the National Museum of Natural History,
Paris.

Locus typicus: Tournal (= Bize) Cave (Aude, Southern France).

Stratum typicum: the Late Pleistocene, possibly the older Mousterian or Aurignacian
units of the Tournal Cave.

Description. The antler type is from a male reindeer that was large in size, but the specimen
is deformed and poorly preserved, with partial damage to the antler burr. The pedicle is short and
robust, with regular circular cross-sections in the pedicle and basal part of the antler. The first
ramification is high above the burr, and the specific basal tine is not developed. The antler becomes
compressed lateromedially in the ramification area, and the first antler tine is flattened.

The complete series of lower premolars in the left mandible fragment measures 44.0 mm,
slightly larger than modern R. tarandus tarandus (L P2-P4 = 39.7 mm and 36.4 mm from the
Natural History Museum of London), but smaller than R. farandus constantini from the Late
Pleistocene of Cosduti (L P2-P4 =47.0 mm and 47.6 mm; IZC) and Rascov-8 (47.7 mm). The size
of the premolar series from the Tournal Cave is similar to the large forest form of reindeer from
the Late Pleistocene of Duruitoarea Veche (45.4 mm) and Branzeni-1 (45.7 mm; [ZC). The upper
fourth premolar measurements from the Tournal Cave are also close to Branzeni-1 and
significantly larger than the sample from Jaurens, France (29 300 — 32 630 years BP: Valli, Guérin
[2000]), which is roughly coeval with Branzeni-1.
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The talus from the Tournal Cave measures 45.0 mm in maximum height, 29.4 mm in distal
breadth, and 22.8 mm in distal anteroposterior measurement, which corresponds to a female of a
relatively large form of reindeer based on the size of the dentition. The measurements are similar
to the largest males from Cosauti and smaller females from Duruitoarea Veche.

Rangifer tarandus constantini Flerov, 1934

Synonymy:

1934 Rangifer constantini sp. nov.: Flerov, p. 239, pl. 8.

Diagnosis: see Flerov (1934)

Holotype: a partially preserved male (?) skull from the collection of the Geological
Institute, Moscow (lost).

Locus typicus: the Late Paleolithic site of Malta (Irkutsk, Siberia).

Stratum typicum: Late Pleistocene, “Solutrean age” fide Flerov (1934); ca. 16 000 years
BC fide Bouchud, 1967).

Description. This fossil subspecies of reindeer is the most well-defined, characterized by
a narrow and high muzzle with a ratio of 57.9% between the cranial breadth at P> and the rostral
height at rhynion, an elongated head, and relatively large teeth, larger than any other modern or
fossil reindeer form. The most notable characteristic is the size of the upper cheek teeth, with the
M!-M3 series measuring 56.5 mm in length. The nasal bone length of R. tarandus constantini is
shorter than that of R. tarandus hibernicus, but longer than the reindeer from Foix and Villestofte
(Bouchud, 1967). Although Bouchud (1966) defined Rangifer constantini as a forest reindeer, the
relatively small body size of the reindeer from Malta, its short limb bones, simple long antlers with
small palmations, and large cheek teeth define R. tarandus constantini as an open-landscape
grazing form (Croitor, 2010).

R. tarandus constantini exhibits an extreme adaptation to grazing in an open dry periglacial
environment. Its food habits were likely similar to those of the fossil reindeer from Alaska, which
displayed heavy occlusal tooth wear in young and adult animals due to a very abrasive diet (Rivals
and Solounias, 2007). Unlike modern reindeer, R. tarandus constantini has a relatively small nasal
cavity, suggesting that Paleolithic reindeer had not yet evolved adaptations to cold air breathing
(Flerov, 1952). An increased nasal cavity warms and moistens the air before entering the trachea
and lungs. Muzzle breadth is correlated with nasal cavity volume, with modern Arctic reindeer
having the highest recorded maximal volume of the nasal cavity (Flerov, 1952; Sokolov, 1995).

Distribution. The remains of small-sized reindeer with large teeth similar to R. tarandus
constantini have been found at several Late Paleolithic sites, including Kostenki in European

Russia (20-30 kya), Cosouti and Rascov-8 in Moldova (11-21 kya), and 1'Aven des Planes in
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southern France (during the final stage of the Wiirm glaciation). These sites provide evidence for

the westward dispersal of R. tarandus constantini during the Last Glacial phase in Europe.

Rangifer tarandus stadelmanni Kahlke, 1963
Synonymy:

1963 Rangifer arcticus stadelmanni ssp. nov.: Kahlke, p. 277, fig. 1.
1984 Rangifer tarandus stadelmanni Kahlke, 1963: Willemsen, p. 59, fig. 3.

Nomenclatural acts: According to Kahlke (1963), the fossil reindeer from Mosbach is
morphologically similar to the modern barren-ground caribou of North America and was described
as a subspecies of Rangifer arcticus Richardson, 1829. Flerov (1952) considered North American
barren-ground reindeer to be a subspecies of reindeer, R. tarandus arcticus. Willemsen (1984)
included Kahlke's reindeer as a subspecies in R. tarandus.

Diagnosis: see Kahlke (1963).

Holotype: antlered braincase (Kahlke, 1963).

Locus typicus: Mosbach, Germany

Stratum typicum: Middle Pleistocene of Mosbach sands.

Description. The knowledge about this particular form of reindeer is limited. However,
based on the available evidence, it can be inferred that the antlered reindeer braincase from the
Middle Pleistocene has some distinctive features. Notably, the first (= ice) tine and the second (=
ocular) tine are positioned very low, and the distal crown has a simple branching pattern.
Additionally, there is no significant development of distal palmations.

Distribution: Middle Pleistocene of Germany.

3.2. Conclusions to Chapter 3

1) Taxonomic revision and morphological examination of fossil deer from the Late
Miocene in the western Palearctic region have revealed the early evolutionary stage of
telemetacarpal deer. This stage represents an initially rich early evolutionary radiation of the
subfamily Capreolinae, comprising 9 genera (Croitor, 2021). However, by the beginning of the
Pliocene, the early evolutionary radiation of Capreolinae had rapidly declined, leaving only two
genera (Procapreolus and Croizetoceros) in the western Palearctic (Croitor, 2021).

2) The representatives of the early evolutionary radiation of telemetacarpal deer are
characterized by relatively advanced dentition morphology and exhibit all evolutionary stages of

antlers, ranging from simple two-pointed antlers to multitined palmated antlers. Additionally, the
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Palaeomeryx fold in lower molars is one of the most characteristic features of early representatives
of the subfamily Capreolinae (Croitor et al., 2020; Croitor, 2021).

3) Some early representatives of the subfamily Capreolinae were characterized by a
holometacarpal condition. This morphological condition was marked by the partial reduction of
the upper portions of lateral metacarpals and their robust functioning distal articulations, as
recorded in Metadicrocerus variabilis (Aleksejev, 1913) (Croitor, 2021).

4) The evolution of modern telemetacarpal genera of the Palearctic region (Capreolus,
Alces, and Rangifer) is linked to the eastern part of the Palearctic. These genera dispersed into the
western Palearctic during the Pleistocene, following the extinction of the last archaic western

telemetacarpal genus, Croizetoceros (Croitor, 2018b).

121



4. SYSTEMATIC DIVERSITY OF PLESIOMETACARPAL DEER (SUBFAMILY
CERVINAE GOLDFUSS, 1820) IN WESTERN PALEARCTIC

4.1. Subfamily Cervinae Goldfuss, 1820
Genus Praemuntiacus Croitor, Zakharov and Mararescul, 2020

Diagnosis: The body size of the animal is similar to that of modern Muntiacus. The antlers
are simple with two points, and their bifurcation is positioned low (the bifurcation height does not
significantly exceed the anteroposterior diameter of the antler above the burr). The anterior tine is
strongly developed and can vary in length. The posterior tine is the main axis of the antler and can
grow up to approximately 10 cm in length. The cross-section of the antler branches typically has
a triangular shape due to the well-developed longitudinal ribs, which include the anterior,
medioposterior, and lateroposterior ribs. The pedicles are relatively short and robust, and they may
be more or less divergent. The frontal bones are relatively broad, approximately 20% broader than
in Muntiacus, and they lack sharp bony ridges. In males, the upper canines are large, long, and
sabre-shaped. The lower fourth premolar is primitive (not molarized). The upper molars lack an
additional protoconal fold, while the lower molars lack the Palaeomeryx fold.

Type species: Eostyloceros pidoplitschkoi Korotkevich, 1964

Composition: Praemuntiacus pidoplitschkoi (Korotkevich, 1964) (Pliocene, Europe);
Praemuntiacus triangularis (Zdansky, 1925) (Late Tertiary, China).

Distribution: Pliocene, Europe (Ukraine, Moldova, Poland, Slovakia, Bulgaria, Italy);
Late Tertiary, Asia (China).

Praemuntiacus pidoplitschkoi (Korotkevich, 1964)

Synonymy:
1964 Eostyloceros pidoplitschkoi sp. nov.: Korotkevich, p. 807, fig. 1.
1965 Muntiacus pliocaenicus sp. nov.: Korotkevich, p. 107, fig. 2.
1968 Muntiacus polonicus sp. nov.: Czyzewska, p. 582, pl. VIII, figs. 3, 4.
2003 Eostyloceros cf. pidoplitschkoi Korotkevich, 1964: Abbazzi and Croitor, p. 577, fig 3.

2016 Muntiacus cf. polonicus Czyzewska, 1968: Feifar et al., p. 4, fig. 2.
2018 Euprox pidoplitschkoi (Korotkevich, 1964): Croitor, p. 53, fig. 12.

Nomenclatural acts: The Pliocene muntjac-like cervids of Europe were placed in the
Asian genera Eostyloceros and Muntiacus (Korotkevich, 1964b, 1970; Czyzewska, 1968; Fejfar,
et al., 1990). Zdansky (1925) established the genus FEostyloceros, with the type species
Eostyloceros blanvillei, based on antlers with two points from Tertiary deposits in China. Deng et
al. (1914) identified a new species, Eostyloceros hezhengensis, as a basal form within the
Eostyloceros, Paracervulus, Euprox, and Lucentia group. In the same publication, Deng et al.
(2014) proposed that Eostyloceros, as traditionally understood, is paraphyletic. Mennecart et al.

(2017) excluded Eostyloceros from the so-called crown Cervidae and suggested its intermediate
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phylogenetic position between Dicroceros and Muntiacus. Although purportedly related to
Muntiacus, Euprox furcatus is unambiguously placed in the "stem Cervinae" group (Mennecart et
al. 2017). According to Mennecart et al. (2017), E. furcatus diverged from the main Cervinae
phylogenetic branch before the dichotomy between muntjacs and large cervines.

Korotkevich (1964b) described a small two-pointed antler attached to a short pedicle from
the Pliocene of Trifesti (misspelled as Trifonesti by Korotkevich), Southern Moldova, as a
muntiacine deer Eostyloceros pidoplitschkoi. According to Korotkevich (1964), the simple antler
structure combined with the short pedicle align this cervid form with the genus Eostyloceros
Zdansky, 1925 from the Late Tertiary of China. Later, Korotkevich (1970) assigned a series of
similar antlers from the Early Pliocene of Kuchurgan, Ukraine to this species. From the same
Kuchurgan deposits, Korotkevich (1965b) described another muntjac-like deer Muntiacus
pliocaenicus based on a few poorly preserved antlers with frontal bones characterized by slightly
longer pedicles and frontal bony ridges, which according to Korotkevich's interpretation, is a
diagnostic character that approaches the cervid remains in question to modern Muntiacus.
Korotkevich (1965b, 1970) considered these frontal bony ridges in Muntiacus pliocaenicus as
essential diagnostic characters that link this species to modern Muntiacus.

Croitor (2014, 2018b) tentatively included E. pidoplitschkoi and M. pliocaenicus in the
genus Euprox, since the morphology of their antlers shows a strong resemblance with Miocene E.
furcatus. However, the revision of the sample studied by Korotkevich (1964b, 1965b, 1970) and
new rich material from the Priozernoe site (Cuciurgan River Valley) demonstrated that the
measurements of antlers and pedicles of Eostyloceros pidoplitschkoi and Muntiacus pliocaenicus
most likely represent different stages of ontogenetic development of the same species (Croitor et
al., 2020). The specimens described by Korotkevich (1970) as E. pidoplitschkoi and M.
pliocaenicus represent a homogenous sample. The material of muntjac-like deer from Kuchurgan
is incomplete, and one can observe that E. pidoplitschkoi and M. pliocaenicus are distinguished
only by a slight difference in their pedicle length, and most probably represent different
ontogenetic stages of the same cervid form (Croitor, 2014). Therefore, these species' names are
considered synonyms.

Czyzewska (1968) described a juvenile mandible from the Early Pliocene of Weze-1 and
established a new species, Muntiacus polonicus. Direct comparison of this species with M.
pliocaenicus was not possible due to the use of different skeletal parts (Croitor and Stefaniak,
2009). As M. polonicus is from the roughly coeval Early Pliocene fauna of Weze-1, this species
name is also considered a synonym of P. pidoplitschkoi (Korotkevich, 1964) in this study.
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Diagnosis: This species is a small-sized deer, similar in body size to the modern
Muntiacus reevesi. The antlers are two-pointed and may deviate laterally from the pedicle axis.
The surface of the medial side of the antler in the area of bifurcation is often pearled. The
pedicles are relatively short and moderately diverged. There are no sharp frontal bony ridges.

Holotype: the right antler attached to a portion of frontal bone Nr. 5634 from Trifesti is
housed in the paleontological collection of the Paleontological department of the National Museum
of Natural History, Kyiv (Fig. A.13). The specimen likely belongs to an older individual or a more
evolved form than the samples from Cuciurgan River Valley.

Locus typicus: as indicated by Korotkevich (1964b), the type locality of P. pidoplitschkoi
is "Trifonesti, Moldova, Bessarabian Sands". However, according to Godina and David (1973),
the fossiliferous outcrops of "Bessarabian sands" near Trifonesti do not exist in Moldova.
Therefore, it is likely that the antler described by Korotkevich (1964b) comes from the Trifesti site
(also known as Trifesti-2), which is situated near Trifestii Noi village, Cahul District, as reported
by Alekseeva (1977).

Stratum typicum: “Bessarabian Sands” (Korotkevich, 1964b); the Early Pliocene, MN15,
the Carbolian alluvium (Vangengeim et al., 1998).

Description. The antlers are two-pointed with a low position of bifurcation. The posterior
tine is stronger and longer than the anterior one and is oriented along the axis of the pedicle. The
antler surface is sculptured with sharp and deep ridges and furrows, and a specific rugosity is often
seen on the medial surface of the antler base. The cross-section of the antler tines is often sub-
triangular, as seen in modern Muntiacus. However, the antlers and pedicles of P. pidoplitschkoi
are significantly more robust than those of Muntiacus.

The weak roll-shaped structures on the lateral side of the frontal bones between pedicles
and orbits are common for cervids and do not correspond to the sharp bony ridges characteristic
of modern Muntiacus. These ridges are a specific adaptation for eye protection during intraspecific
male combats and represent a particular adaptation of the genus Muntiacus.

The mandible from Weze-1 (Nr. 99-Weze-1, [ZW) is almost identical in size and shape to
modern Muntiacus. The DP3 is characterized by the anteroposteriorly elongated metaconid, which
distinguishes this specimen from modern Muntiacus characterized by a small simple metaconid.
DPs4 is supplemented with two ectostylids. The mandible from Weze-1 is also distinguished from
the Middle and Late Miocene Euprox by the absence of the Palaeomeryx fold and smaller size.
The ectostylids of lower molars are well-developed. The length of the lower tooth row (deciduous
teeth and molars) is about 62.3 mm, and the occlusal length of the molar series amounts to 35.9

mim.
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The upper molar (M?) Nr. 254 from Weze-1 is partially destroyed. The entostyle is not
developed, but the additional enamel fold of the hypocone is well-developed. The metaconid has
a particularly well-expressed metastyle (the posterior labial rib) and the middle labial rib. This
character approaches the specimen under study to modern muntjacs, which show a similar
morphology. The length of the molar crown is 9.8 mm (measured at the tooth base), and the basal
labiolingual breadth of the tooth amounts to 11.5 mm.

Distribution. Most of the remains of P. pidoplitschkoi come from the Ruscinian fauna of
Poland, Romania, Bulgaria, Ukraine and Moldova (MN 14 and MN 15) (Radulescu et al., 2003;
Croitor and Stefaniak, 2009). The youngest remains of P. pidoplitschkoi are reported from MN
16a of Slovakia (Fejfar et al., 1990). The earliest remains of P. pidoplitschkoi are known from the
earliest stage of the Ruscinian or even the end of MN13 in Bulgaria (Spassov, 2005). The exact
age of the shed antler of P. pidoplitschkoi from Montopoli (Italy) remains unclear (Abbazzi and
Croitor, 2003).

Genus Metacervocerus Dietrich, 1938

Nomenclatural acts: In 1938, Dietrich proposed the subgenus Cervus (Metacervocerus)
to group Late Pliocene small-sized Axis-like cervines of Europe with simple three-pointed antlers.
Later, Samson et al. (1970) elevated Metacervocerus to the generic level.

Diagnosis: three pointed antlers are characterized by the more or less high position of the
first ramification and the parasagittal orientation of the second bifurcation. The posterior branch
of the second bifurcation is stronger and longer that the anterior one and represents a continuation
of the antler beam. The cross-sections of the beam and tines are circular. The antler surface is not
pearled. Pedicles are moderately long, somewhat divergent and sloped backwards from the face.
The protocone in upper molars is not bofurcated. P4 is unmolarised.

Type species: Cervus pardinensis Croizet and Jobert, 1828.

Composition: M. pardinensis (Croizet and Jobert, 1828) (Pliocene, Europe); M. rhenanus
(Dubois, 1904) (Early Pleistocene, Europe); M. shansius (Teilhard de Chardin and Trassaert, 1937)
(Early Pleistocene, China); M. punjabiensis (Brown, 1926) (Early Pleistocene, Siwaliks).

Distribution: Pliocene — Early Pleistocene of Eurasia.

Metacervocerus pardinensis (Croizet and Jobert, 1828)
Synonymy:

1853 Cervus (Rusa) pardinensis Croizet and Jobert, 1828: Pomel, p. 106.

1859 Cervus (Axis) pardinensis Croizet and Jobert, 1828: Gervais, p. 84.

1878 Cervus suttonensis sp. nov. (partim.): Dawkins, p. 412, fig. 7.

1938 Cervus (Metacervocerus) pardinensis Croizet and Jober, 1828t: Dietrich, p. 261.
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1970 Cervus [sensu lato] pardinensis Croizet and Jobert: Heintz, p. 133.

1970 Metacervocerus pardinensis (Croizet and Jobert, 1828): Samson et al., p. 66.
1990 Cervus (Rusa) pardinensis Croizet and Jobert, 1828: Vislobokova, p. 154.
1992 Pseudodama pardinensis (Croizet and Jobert, 1828): Azzaroli, p. 4.

2005 Dama pardinensis (Croizet and Jobert, 1828): Pfeiffer, p. 52.

Nomenclatural acts: Croizet and Jobert (1828) illustrated remains of a deer, including a
complete shed antler, a distal portion of an antler, fragments of mandibles, and postcranial bones,
on Plate XI titled "Cerfs fossils de la montagne de Perrier et de Malbatu (premier sous-genre)".
Pomel (1853) proposed the scientific name Cervus pardinensis and a diagnosis that corresponds
to the above-mentioned figure published by Croizet and Jobert (1828). Pomel (1853) credited
Croizet and Jobert (1828) as the authors of the species. Heintz (1970) conducted the first revision
of the species and designated the antler figured by Croizet and Jobert (1828) as the neotype.

Diagnosis: The antler beam is rather straight; the ramification angles are acute. Upper
molars and P* are supplemented with a well-developed cingulum.

Neotype: a left shed antler, MNHN (Croizet and Jobert, 1828: pl. X1, fig. 4; Heintz, 1970:
p. 71, fig. 142, pl. VIII, fig. 6a, b)

Locus typicus: Les Etouaires (= Perrier-Etouaires), Puy-de-Dome, France (Heintz, 1970).

Stratum typicum: Alluvial deposits of Les Etouaires, Late Pliocene, Early Villafranchian,
MNI16.

Description. This is a small cervid with an estimated body mass of about 60 kg and simple
three-pointed antlers (Fig. A.14). The circular antler base of the neotype antler has a burr diameter
0f 49.0 mm. The beam above the burr is slightly compressed from the sides, with a DAP x LDM
0f 38.6 x 35.1 mm. The antler beam gently curves backward and sideward, deviating slightly from
the burr. The first tine is located at 70.0 mm (if measured from the medial side) or 65.8 mm (lateral
side) from the burr. Above the first ramification, the antler beam is cylindrical with a DAP x LDM
of 29.1 x 27.7 mm. The distal bifurcation is in the parasagittal plane, and the posterior tine of the
distal bifurcation is stronger and longer than the anterior one. The total length of the antler is over
56 cm.

Additional material provides the following characteristics: the pedicles are moderately
long, with the medial length similar to the transversal diameter. They are slightly compressed in
the anteroposterior direction and slope backwards from the face, similar to modern Hyelaphus or
Rusa. The dentition is rather primitive, with the upper molars characterized by a very oblique
lingual wall and supplemented with a strong cingulum. The angle between the lingual and labial

walls in M? is wider than 40°. The morphology of P4 is primitive.
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Distribution. The oldest remains of Metacervocerus pardinensis come from the Late
Ruscinian (MN15) faunas of Moldova (Lucesti, Dermenji, Branza) (Vislobokova, 2005) and
Bulgaria (Musselievo) (Spassov, 2005). Some poorly preserved remains that can be attributed to
M. pardinensis are also reported from MN15b faunas of Brasov Depression, Romania (Cépeni,
Varghis) (Radulescu et al., 2003) and Poland (W¢ze-2) (Stefaniak, 1995). Younger remains have
been found in Romania (Tulucesti, Cerndtesti, Groserea, Covrigi) (Radulescu et al., 2003;
Radulescu, 2005) and Slovakia (Hajnacka) (Sabol, 2003), dated to MN16a, which is similar in age
to M. pardinensis remains found in Vialette, France. The youngest remains of this species have
been identified at the type locality of Etouaires (France) and the Red Crag Nodule Bed (England),
which correspond to MN16b (Lister, 1999). The known distribution of this species ranges from
France and England in the west to Poland, Moldova, and Bulgaria in the east.

Metacervocerus rhenanus (Dubois, 1904)

Synonymy:

1904 Cervus (Axis) rhenanus sp. nov.: Dubois, p. 219, fig. 2.

1941 Cervus philisi sp. nov.: Schaub, p.264, pl. 17.

1952 «Cervus» perolensis sp. nov.: Bout and Azzaroli, p. 51, fig. 8.
1990 Cervus (Rusa) philisi (Schaub, 1941): Vislobokova, p. 154.

1990 Cervus (Rusa) perolensis (Azzaroli, 1952): Vislobokova, p. 154.
1992 Pseudodama rhenanus (Dubois, 1904): Azzaroli, p. 4.

1992 Pseudodama perolensis (Azzaroli, 1952): Azzaroli, p. 4.

1992 Cervus ichnoceros sp. nov.: Boeuf et al., p. 166, pl. 111, Fig. a, 1-2.
1992 Cervus rhenanus (Dubois, 1904): Spaan, p. 23, fig. 8.

1997 Dama (Pseudodama) rhenana (Dubois, 1904): Pfeifer, p. 38.

2001 Metacervoceros rhenanus (Dubois, 1904): Croitor and Bonifay, p. 138, figs. 13-17.

Nomenclatural acts: In 1904, Dubois introduced the species Cervus (Axis) rhenanus for
a small deer found in Tegelen. However, the original publication of the species name lacked a
description, and only included a figure of the type specimen. According to Spaan (1992), Cervus
philisi Schaub, 1941 is a junior synonym of Cervus rhenanus Dubois, 1904. Later, Croitor and
Bonifay (2001) included Cervus rhenanus in the genus Metacervocerus Dietrich, 1938.

Diagnosis: The braincase is elongated and unflexed, with slightly convex parietal bones.
The pedicles are moderately long and slope backwards, while the anterior part of each frontal bone
is slightly swollen. The preorbital fossae and ethmoidal openings are large, and the orbitofrontal
region is short, with the anterior edge of the eye sockets reaching the level of M2. The bullae
timpani are large and rounded, and the basioccipital bone is broadened at the pharyngeal
tuberosities, giving it a bell-like shape. The processus angularis is well-defined, and the diastema
of the lower mandible is slightly longer than the lower molar series. The angle between the lingual
and labial walls of the upper molars is more than 40°, and upper canines are absent. The lower

fourth premolar is primitive, and the angle of the first ramification varies from 100° to 60°.
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Holotype: the unshed complete left antler Ha 15777 (TMH) is the holotype of the species
(Spaan, 1992: fig. 8).

Locus typicus: Tegelen, the Netherlands.

Stratum typicum: clays of Tegelen, Late Tiglian, Early Pleistocene.

Description. The antlers of this species are long, thin, and three-pointed. In the skull CEY -
2-2318 from Ceyssaguet (Fig. A.15), the total antler length is 760 mm (right) and 767 mm (left).
The distance from the antler base to the top in the same specimen is 710 mm (right) and 732 mm
(left). The distance between the tops of the antlers is 565 mm, and the proximal parts of antler
beams form an angle of 70°. The middle third of the antlers is bow-shaped and more divergent,
while the distal portions are more or less parallel to each other. The angle of the first ramification
is approximately 60°, and the basal tine is situated at a certain distance from the burr. The distal
bifurcation is oriented in the parasagittal plane and formed by the second tine inserted on the
anterior side of the beam. The antler beam becomes compressed laterally in the area of the distal
bifurcation, and the surface of the antler may be concaved from the sides in this area. The angle of
distal bifurcation is approximately 40-45°. The transversal section of antler tines is circular, and
the antler surface is pearled and sculptured with longitudinal ribs and furrows.

The angle of the first ramification of the antler is a variable characteristic and ranges from
60° to 100° (Croitor, 2006b). In the sample from Ceyssaguet, the height of the first ramification
varies from 41.6 mm to 83.5 mm

The frontal bones have a concave profile at the level of the anterior half of the orbits, with
the anterior part of each frontal bone slightly swollen. The pedicles are long, slightly dorso-
ventrally compressed, and slope backward from the face. The anterior edge of the orbits projects
down to M2, while the nasal bones are comparatively long and extend behind the line connecting
the anterior edges of the orbits. The preorbital fossae and ethmoidal openings are large and deep,
with the border between the ethmoidal openings and the nasal bones varying in length from sample
to sample. The articulation between the nasal and premaxillary bones is long, measuring 23 mm
in the skull Nr. 210638, PMUL, much longer than in modern Dama dama and similar to Cervus.
The braincase is elongated, unflexed, and not rounded as in Dama, but rather long as in Axis and
longer than in Cervus and Dama. The bullae tympani are rounded and smooth but not as large as
in Dama. The face length, measured from the anterior edge of the orbits to prosthion, is 56.9% of
the condylobasal length in the female skull Nr. 210638, which is relatively longer than in
Hyelaphus porcinus (51.3 — 54.7%, n=5) and Cervus nippon (52.8 — 55.1%, n=3) but falls within
the variation range of Axis axis (50.4 — 57.8%, n=4). The cranial proportions of M. rhenanus and

such morphological peculiarities as the long pedicles and rather large and rounded bullae tympani
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are similar to modern Axis. However, M. rhenanus shows a derived character of long, caudally
extended nasal bones unlike Axis.

The mandible Nr. 209564 (PMUL) from Sénéze is distinguished by a rather long diastema,
which is slightly longer than the series of lower molars. It is comparatively longer than in Cervus
nestii, Cervus nippon, and Dama dama, but shorter when compared to Hyelaphus porcinus and
Cervus elaphus. The ratio between premolars and molars varies from 61.4% to 65.8% (n=7;
M=63.5%). The processus angularis is strong.

The hypocone and protocone of P? are distinct. The hypocone of P? has an internal enamel
fold. The lingual wall of P? has a vertical groove that separates the merged hypocone and
protocone. The hypocone of P3 also has an internal enamel fold. There is no separation of hypocone
and protocone in P,

The upper molars may display a weak cingulum and are typically supplemented with a
protoconal enamel fold and an eperon. However, only three specimens (all M?) from the sample
at Séneze exhibit a weak continuous cingulum, while in the majority of remains (22 specimens),
the cingulum is either interrupted or completely reduced. The cingulum appears to be more
frequent in the sample from Vallonnet (RMPM). Individual variation in P4 in the sample from
Ceyssaguet is characterized by the variable shape of metaconid that in some cases is extended
caudally and is merged with entoconid. However, the contact between metaconid and paraconid
has never been observed. The crown of 11 is wide and triangle-shaped with an extended and acute
lateral angle, while I, I3, and C are smaller and very narrow (Croitor, 2006b).

The upper isolated molar M? R12079 from Vallonnet (RMPM) is characterized by a very
oblique lingual side that forms an angle of 45° with the labial surface of the tooth and a clear
cingulum that borders the basal part of the protocone. This combination of features is found in
several isolated teeth. Furthermore, the left hemimandible Nr. 416 (RMPM) is characterized by a
primitive P4.

Distribution. Metacervocerus rhenanus persisted throughout the Early Pleistocene with
little change from its first occurrence 2.5 million years ago in Saint-Vallier, France, to its last
record 0.9 million years ago in Vallonnet, France. It was distributed throughout Spain, France, the
Netherlands, Romania, and Greece (Croitor and Bonifay, 2001), but is absent from the Early
Pleistocene of Italy.

Genus Praeelaphus Portis, 1920
Nomenclatural acts: Portis (1920: p. 133) proposed the subgenus Cervus (Praeelaphus)

for three Early Villafranchian deer species from France: Cervus arvernensis Croizet and Jobert,
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1828, Cervus perrieri Croizet and Jobert, 1828, and Cervus etueriarum Croizet and Jobert, 1828,
which were found in Perrier. Grubb (2000) suggested that Praeelaphus Portis, 1920 might be
synonymous with Metacervocerus Dietrich, 1938, since Portis (1920) considered that C.
pardinensis is a junior synonym of C. perrieri. However, this is not the case, as Praeelaphus and
Metacervocerus are based on two valid species: C. perrieri and C. pardinensis, respectively.
Heintz (1970) placed C. perrieri in the arbitrary group Cervus sensu lato, suggesting that its
systematic position is uncertain. Croitor (2012) proposed including several archaic Pliocene and
Pleistocene deer species from western Eurasia that belong to the early evolutionary radiation of
the Cervinae group in the genus Praeelaphus Portis, 1920, and indicated C. perrieri as the
genotype.

Diagnosis: Deer of the size of modern European red deer and fallow deer. Pedicles of
moderate length (posteromedial length of the pedicle in adult males does not normally exceed its
diameter) and slightly compressed anteroposteriorly. Fully grown antlers are large relative 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 ramification. 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, and the lower premolar series is relatively
long compared to molars and longer than in Cervus and Dama.

Type species: Cervus perrieri Croizet and Jobert, 1828.

Composition: P. perrieri (Croizet and Jobert, 1828) (Pliocene, Western Europe); P. lyra
(Azzaroli, 1992) (Pliocene, Italy); P. warthae (Czyzewska, 1968) (Early Pliocene, Poland); P.
australorientalis Croitor, 2017 (Early Pliocene, Ukraine); Praeelaphus sp. (Early Pleistocene,
Olivola, Italy); P. messinae (Pohlig, 1909) (Middle Pleistocene, Sicily).

Distribution: Pliocene — Early Pleistocene of Europe and Transcaucasia.

Praeelaphus perrieri Croizet et Jobert, 1828

Synonymy:

1828 premier sous-genre: Croizet and Jobert, pl. II, figs. 1-16, pl. IV, figs. 1-9.

1853 Cervus (Strongyloceros) perrieri Croizet and Jobert, 1828: Pomel, p. 104.

1853 Cervus (Strongyloceros) issiodorensis Croizet and Jobert, 1828 (partim.): Pomel, p. 105.
1853 Cervus (Rusa) etueriarum Croizet and Jobert, 1828: Pomel, p. 106.

1853 Cervus (Rusa) rusoides Nob.: Pomel, p. 106.

1878 Cervus cylindroceros sp. nov.: Dawkins, p. 415, fig. 12.

1884 Cervus (Elaphus) issiodorensis Croizet: Deperet, p., 263, pl. VI, fig. 6.

1884 Cervus (Elaphus) etueriarum Croizet: Deperet, p. 265, pl. VI, fig. 5.
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1884 Cervus (Elaphus) perrieri Croizet: Deperet, p. 268, pl. 6, fig. 7.

1920 Cervus (Praeelaphus) arvernensis Croizet and Jobert, 1828: Portis, p. 133.
1920 Cervus (Praeelaphus) etueriarum Croizet and Jobert, 1828: Portis, p. 133.
1920 Cervus (Praeelaphus) perrieri Croizet and Jobert, 1828: Portis, p. 134.
2012 Praeelaphus perrieri (Croizet and Jobert, 1828): Croitor, p. 223.

Nomenclatural acts: Pomel (1853) published the first brief description of deer species
Cervus perrieri, Cervus etueriarum, and Cervus issiodorensis based on fossil remains from
Perrier, which were figured by Croizet and Jobert (1828). Dawkins (1878) demonstrated that
morphological differences between C. perrieri and C. issiodorensis have the character of
individual variation. This opinion was confirmed by Heintz (1970). According to Heintz (1970),
C. etueriarum is based on juvenile antlers of C. perrieri, however, he did not find any antler in the
collection of MNHN that rigorously corresponds to the specimen figured by Croizet and Jobert
(1828). Some other remains ascribed to C. issiodorensis, in the opinion of Fejfar et al. (2016: fig.
7, b), belong to Metacervocerus pardinensis. C. 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). Possibly, the name C. arvernensis was given to the poor fragment
of antler with low insertion of the basal tine (Croizet and Jobert, 1828: pl. XI, fig. 1), and most
probably, it also falls within the individual variation of C. perrieri (Ctoitor, 2017). Pomel (1853:
112) did not give a definition for this species name, since, in his opinion, “C. arvernensis est connu
par des bois trop irréguliers pour ne pas étre anomaux; I’espeéce est incertaine”.

Heintz (1970), who published the first revision of C. perrieri, could not find any specimen
in the collection of MNHN that corresponds rigorously to the specimen figured by Croizet and
Jobert (1828: pl. IV, fig. 1) and chose a neotype that better corresponds to the original figure and
possibly represents the same specimen. There are two other specimens labelled as types of C.
issiodorensis Croizet and Jobert, 1828 and stored in the collection of PMUL.: the basal part of a
right shed antler Nr. 211214 and the right astragallus Nr. 211205.

Diagnosis: Deer of the size of modern European red deer and fallow deer. Pedicles of
moderate length (posteromedial length of the pedicle in adult males does not normally exceed its
diameter) and slightly compressed anteroposteriorly. Fully grown antlers are large relative 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 ramification. 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
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generally simple, with a low degree of molarization, and the lower premolar series is relatively
long compared to molars and longer than in Cervus and Dama.

Neotype: a right almost complete antler with a part of the frontal bone, MNHN (Heints,
1970: fig. 261, pl. XV, fig. la, b), that possibly is a part of the antlered frontlet figured by Croized
and Jobert (1828: pl. IV, fig. 1).

Locus typicus: Les Etouaires, Puy-de-Dome, France

Stratum typicum: alluvial deposits of Etouaires, Lower Villafranchian.

Description. The neotype (MNHN) is characterized by the following features: the pedicle
is relatively long (L > D) and the burr is well-developed, with a circular cross-section. The antler
beam becomes compressed from the sides above the burr, and the first tine is situated rather high
above it. A well-expressed longitudinal groove is present on the lateral side of the beam between
the first and second ramifications. Additionally, the anteromedial side of the beam bears a
longitudinal groove-like depression, resulting in a pyriform cross-section in this part of the antler.
The distance between the second and third ramifications is significantly longer than the distance
between the first and second. The antler beam becomes compressed above the second ramification,
forming a flattened part that terminates in the distal fork. The plane of the flattened portion of the
beam is often perpendicular to the plane of the second ramification, although this character may
be variable.

The right shed antler Nr. 211214 (PMUL) that has been identified as a type of C.
issiodorensis exhibits the following morphological characteristics: a basal tine that is short and
compressed from the sides, and a beam cross-section that is pyriform in shape. The antler Nr.
211214 from Lyon is a perfect match to figure 2 on pl. 1 in Croizer and Jobert's (1828) publication.
Its measurements are highly comparable to those of the neotype of C. perrieri.

The measurements of the right astragalus Nr. 211205 (Croizet and Jobert, 1828: fig. 14, PL
2; L max = 60.1 mm, DLM dist = 37.8 mm) are very similar to the mean values of perrieri-ardei
sample from Etouaires, as described in Heintz's (1970) study.

The deposits of Perrier-Eouaires have yielded the remains of two cervid forms of similar
body size, one of which is Praeelaphus perrieri. The main challenge in studying the sample is its
mixed character, as postcranial bones and lower mandibles are not directly associated with antlers
and cannot be distinguished based on measurements and gross morphology alone. Heintz (1970)
identified upper molars lacking a lingual cingulum as belonging to P. perrieri. Lower mandibles
and postcranial bones of P. perrieri are practically indistinguishable from the remains of Rucervus
(Arvernoceros) ardei from the same locality. All lower mandibles from Perrier are characterized

by a relatively long premolar series, with the premolar/molar ratio of the mixed sample varying
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between 64.3% and 70.8%. Nonetheless, the lower cheek teeth series of the perrieri-ardei sample
form two poorly distinguished clusters with somewhat shorter and comparatively longer premolar
series. It is possible that the mandibles from Perrier-Etouaires with relatively shorter premolars
belong to P. perrieri, while the mandibles with relatively longer premolar series belong to
Rucervus (Arvernoceros) ardei, if we take the sample of P. warthae as a reference.

Distribution. Late Pliocene of Western Europe (France, England, Spain).

Praeelaphus lyra (Azzaroli, 1992)
Synonymy:

1972 Cervus (Axis) cf- perrieri (Croizet and Jobert): David and Shushpanov, p. 7, fig. 1.
1992 Pseudodama lyra sp. nov.: Azzaroli, p. 6, fig. 2, pl. 1, fig. 1 a-c.

1995 Cervus rhenanus (Dubois): de Vos et al., p. 112.

2000 Axis nestii (Azzaroli): Mazzini et al., p. 247.

2002 Axis lyra (Azzaroli): Di Stefano and Petronio: p. 319, fig. 7.

2006 Cervus nestii (Azzaroli) : Croitor, p. 91, fig. 1A.

2009 “Cervus” Iyra (Azzaroli): Croitor and Stefaniak: p. 27.

Nomenclatural acts. The species was originally placed in the genus Pseudodama by
Azzaroli (1992). Pseudodama lyra is based on well-preserved complete antlers attached to the
frontal part of the skull from the Early Villafranchian of Ponte a Elsa (Lower Valdarno, Tuscany).
However, the validity of this species has been questioned due to the superficial original description
and unclear diagnosis. Azzaroli (1992) described P. lyra as differing from other species of
Pseudodama in the curvature of the antler beam and the primordial bifurcation on the distal end
of the antler. De Vos et al. (1995) included P. /yra in the synonymy of Cervus (s.l.) rhenanus, as
the Italian species showed only minor morphological differences from C. rhenanus. Croitor
(2006b) recognized a juvenile character of the asymmetric primordial branching of the distal part
of the antler in Pseudodama lyra and included it in the synonymy of Cervus nestii (Azzaroli, 1947),
while Pseudodama, based on Dama nestii nestii Azzaroli, 1947, was considered a junior synonym
of Cervus. However, a further study of the specimen from Ponte a Elsa revealed its morphological
similarity to Praeelaphus perrieri. Despite the great similarity between Pseudodama lyra and P.
perrieri, | prefer to retain the species name /yra until a comprehensive comparative study is carried
out.

Diagnosis: The first tine is positioned above the burr, and the ramification of the antler is
acute. The beam of the antler has an irregular ovoid or pyriform transverse section, with shallow
longitudinal grooves present on the medial and lateral sides. The antler segment between the first
and second tines is relatively long compared to the distal segment, resulting in the middle tine

being situated high. The second segment of the antler beam is short and flattened in the
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anteroposterior direction, with flattened extensions present in the area of ramifications. The surface
of the antler is smooth, and the pedicles are compressed anteroposteriorly.

Holotype: the antlered frontlet IGF1934v (MGUF) of a young individual (Azzaroli, 1992:
pl. 1, fig. 1).

Locus typicus: Ponte a Elsa, Lower Valdarno, Tuscany (Italy).

Stratum typicum: Triversa faunal unit (Pliocene, MN16, ca. 3.2 Ma: Gliozzi et al., 1997)

Description. The holotype IGF1934v consists of a complete pair of antlers with pedicels
and frontal bones. The first tine arises high above the burr and forms an angle of 60° with the
beam. It is thin, cone-shaped, slightly curved, and deviates slightly to the side. The angle of
divergence between the first segments of the antler beams is 100°. The first segment of the antler
is rather long and cylindrical. The cross-section of the antler beam between the first and second
tines is irregular, similar to Praeelaphus perrieri, and the antler surface is relatively smooth. The
distal portion of the beam above the second tine is short, curved inward, and flattened in the
anteroposterior direction. The right antler terminates in a sharp point, while the left antler ends in
two small prongs oriented in a frontal plane. The length of the right and left antlers is 73 cm and
78 cm, respectively. The pedicles are moderately long and flattened anteroposteriorly. The breadth
of the skull behind the pedicels is 108.0 mm.

The asymmetry of the distal portions of the antlers from Ponte a Elsa suggests that this
character may be unstable, and it is possible that full-size antlers of this species have four tines.

Additional material of this species has been found in the Pliocene of Moldova. The basal
fragment of the antler attached to the pedicle "Lucesti-11-89" (IZK) shows a high position of the
first tine, which springs off 79.4 cm from the burr (Croitor and Stefaniak, 2009: fig. 22). The first
tine is rather long (165 mm) and has a circular transverse section. The basal ramification is at an
angle of 70°. The basal segment of the antler beam is somewhat compressed lateromedially, and
the antler measurements above the burr are 25.5 x 27.8 mm. The shape of the antler cross-section
below the first ramification is an irregular trapezoid. The beam slightly deviates backwards from
the first bifurcation, and the antler surface is rather smooth. The pedicle is moderately long and
somewhat compressed anteroposteriorly, with a length of 27.0 mm. Several characteristics, such
as the trapezoidal cross-section of the basal segment, the regular circular transverse section of the
basal tine, the rather long compressed anteroposteriorly pedicle, the smooth antler surface, the
angle of ramification, and the strong lateral compression of the antler in the area of ramification,
suggest a close relationship between the antler from Lucesti and the type specimen of Praeelaphus

lyra (Azzaroli, 1992) from Ponte a Elsa.
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There is another specimen from the Late Ruscinian of Moldova that is similar to the
previous antler. This is a basal fragment of a left shed antler (Nr. V-7/13-17, IZK) from Cociulia,
originally identified as Cervus (Axis) cf. perrieri (David and Shushpanov, 1972: fig. 1). The antler
from Cociulia is slightly smaller and belongs to a juvenile individual. The basal segment of the
antler is compressed laterally, with two longitudinal ribs running from the base of the first tine to
the burr on the anterior side of the antler. The cross-section of the antler above the burr is
trapezoidal, as in the specimen from Lucesti. The anteroposterior diameter of the antler above the
burr measures 23.8 mm, while the lateromedial diameter measures 23.9 mm. The basal tine is
cone-shaped, measuring 76 mm in length. The height of the antler ramification is 49.3 mm, with
an acute angle of ramification (35°). The antler surface is smooth.

The antlers of P. [yra resemble those of P. perrieri but are more slender. The holotype of
P. lyra appears to belong to a young individual and did not achieve full development, as the antlers
are characterized by flattening of the distal beam segment, specific to P. perrieri and P. warthae,
but the distal bifurcation is not yet developed. P. lyra can be clearly distinguished from M.
rhenanus by the irregular or pyriform shape of the cross-section of the antler beam segment
between the first and second tines, and by the anteroposterior flattening of the distal portion of the
antler.

Distribution: Pliocene; Late Ruscinian (MN15), Moldova — Early Villafranchian (MN16),
Italy.

Praeelaphus warthae (Czyzewska, 1968)

Synonymy:

1959 Cervus (Rusa) sp.: Czyzewska, p. 132, figs. 2-3.

1968 Cervus warthae sp. nov. (partim.): Czyzewska, p. 573, pls. VI-VIIL

1977 Cervus philisi (Schaub): Alekseeva, p. 129, fig. 25.

1990 Cervus (Rusa) warthae Czyzewska, 1968: Vislobokova, p. 154.

2001 Pseudodama warthae (Czyzewska, 1968): Stefaniak, p. 19, figs. 23-39, 60, 69.
2012 Praeelaphus warthae (Czyzewska, 1968): Croitor, p. 223.

Nomenclatural acts. The species was originally described based on fragmentary material
from the breccia of Wgze-1 Cave in Poland. Due to the poor preservation of the antlers, the
systematic position of this species could not be determined, although many authors suggested that
Cervus warthae showed some affinities with modern Rusa (Czyzewska, 1968; Vislobokova,
1990). However, a revision of the antler material revealed a close affinity between the deer from
Weze-1 and Praeelaphus warthae (Croitor and Stefaniak, 2009).

Diagnosis: This species can be distinguished from the genotype species by its smaller size
and four-pointed antlers, with the basal tine located close to the burr. The proximal part of the

antler beam has a pyriform cross-section, and the antler ramifications form flattened connections
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between the antler beam and the middle and distal tines. Above the second tine, the antler beam
becomes compressed anteroposteriorly. The frontal bones are concave before the pedicles, and the
orbitofrontal part of the skull is short, with the anterior edge of the orbit situated above M>. Upper
molars feature a protoconal fold (bifurcated protocone) and a hypoconal spur, and the entostyle is
weak or moderately developed. The cingulum is not developed in the upper molars, and the lingual
walls of P? and P? are cleft. The lower tooth series is relatively long, and P4 is not molarized and
is considered primitive.

Holotype: the skull Nr. 1 (IZW, Fig. A.17) of a young adult male with full permanent
dentition that shows some wear. The skull preserved only a part of the braincase, the frontal bones
with destroyed pedicles and the right maxilla with P3-M?.

Locus typicus: Weze-1, Poland.

Stratum typicum: Pliocene breccia of We¢ze-1 Cave

Description. P. warthae is a medium-sized deer, with a mean estimated body mass of 120
kg and a maximum predicted body mass of 145 kg. The parietal bones are slightly convex and the
orbitofrontal part of the skull is short, with the anterior edge of the orbit situated above M*/M>.
The pedicles slope backwards, and the frontal profile is convex between the pedicle bases before
becoming depressed between the orbits. The frontal bones are somewhat depressed in the area
between the frontal suture, the pedicle base, and the orbit, but slightly swollen in their anterior part
where they join the nasal bones. The breadth of the frontal bone, measured from the frontal
contraction in front of the pedicles to the frontal suture, is 53 mm. The elongated supraorbital
channel is located approximately 25 mm medially to the frontal edge in the area of forehead
contraction and 26 mm from the frontal suture. Additional cranial characteristics of P. warthae
from Weze-1 (IZW) include a swollen anterior part of the frontal bones, large and deep preorbital
fossae, a broad and bell-shaped basioccipital bone, and round, smooth bullae tympani devoid of
the bony thorn, which is characteristic of C. elaphus (Croitor and Stefaniak, 2009).

The skull fragment Nr. 346 comprises the left part of the occipital bone and almost the
entire basioccipital bone. The bell-shaped basioccipital bone is extended in the area of the
pharyngeal tuberosities, with a breadth of 25.4 mm at this point. Additional measurements from
skull fragment Nr. 362 (Czyzewska, 1959: pl. 111, fig. 1) include a bulla tympani diameter of 15.5
mm, a breadth of 29.0 mm at the pharyngeal tuberosities, an occiput breadth of 89.0 mm, and an
occiput height of 68.5 mm.

The upper molars of skull Nr. 1 (IZW) feature a small entostyle, a hypoconal spur, a small
enamel fold on the posterior wing of the protocone, and an additional small interior enamel fold

on the anterior wing of the protocone. The upper third premolar (P?) displays a cleft lingual wall
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and hypocone and protocone separated from each other. The hypocone is supplemented with an
internal enamel fold. The lingual wall of the upper fourth premolar (P*) is not cleft; its hypocone
is supplemented with an internal bifurcated enamel fold. The lower fourth premolar (Ps4) is
primitive, with separated parastylid and paraconid. The metaconid is extended anteroposteriorly
but does not connect with the paraconid and entoconid. The lower molars bear ectostylids.

The antlers of P. warthae had four tines when fully grown. Basal fragment Nr. 312 is from
a robust, heavy right antler that was attached to a pedicle, which is now broken off. The first tine
is directed anteriorly and is situated at a small distance from the burr. The antler beam is set
obliquely above the basal ramification, forming an obtuse angle of 125 degrees with the basal tine.
The antler base has a circular shape, and the beam is compressed in the lateromedial direction
above the basal ramification. The basal tine has a pyriform transverse section in the broken part.
The antler surface has deep longitudinal furrows and ridges, with pearlings covering its medial
side. The diameter of the pedicle below the burr is 41.3 mm, the anteroposterior diameter of the
antler above the burr is 54.1 mm, and the basal ramification height is 58.2 mm. The vertical
diameter of the antler beam above the ramification is about 45 mm, and the horizontal diameter is
31.5 mm. The vertical diameter of the basal tine near the breakage is 37.2 mm, and the horizontal
diameter is 29.6 mm.

Fragment of antler tine Nr. 323 most probably belongs to the previous specimen. The gently
curved tine is sculptured by furrows and ridges. The antler beam is presented by several damaged
fragments (Nr. 313 and Nr. 314), and its transverse section is pyriform. Antler fragment Nr. 318
represents a 70-mm-long portion of the antler just below a ramification. The transverse diameter
of the beam is 26.1 mm, and the antler extends anteroposteriorly toward the ramification. The
antler surface between the beam and the tine axis is depressed, and the angle between the axis of
the beam and the tine makes about 15 degrees. The antler surface is rather smooth and ornamented
by shallow, small longitudinal furrows.

Fragment Nr. 316 represents a distal portion of an antler immediately below a bifurcation.
The fragment is about 69 mm long and represents the main antler axis and the base of the additional
axis that springs off at an angle of 15 degrees. One side of the fragment is more or less flat, and
the opposite side is concave between the axis of the beam and the ramification. The antler fragment
is slightly twisted clockwise towards the flat side distally. The transversal diameter of the main
antler stock is 29 mm, and the transversal measurement of the additional axis is 16 mm. The antler
surface is rather smooth, as in the previous specimen.

The fragment of the distal portion of the antler (no number) is quite interesting. It comprises

a tine and a part of an antler beam above the second ramification. The antler beam is rather flat,
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suggesting a remarcable flattening in the anteroposterior direction. The tine is cylindrical, slightly
curved, and forms an acute angle of approximately 40 degrees with the beam. The tine's diameter
varies from 23.4 mm near its base to 17 mm in its distal portion, and the preserved part of the tine
is 180 mm long. The surface of the specimen is grooved with deep longitudinal furrows.

The antler beam segment between the first and second tine is cylindrical, with a circular or
ovoid cross-section. The antler segment above the second tine is flattened with the plane of
flattening oriented in the frontal plane, suggesting that this flattening terminates in a distal fork.
The lower tooth series of P. warthae is relatively smaller than the sample of perrieri-ardei from
Perrier-Etouaires. Additionally, the lower premolar series of P. warthae is longer than in modern
Cervus elaphus and Eucladoceros ctenoides from Sénéze, indicating a more primitive condition
of this character.

Distribution. Late Ruscinian (MN15), Poland.

Praeelaphhus australorientalis Croitor, 2017

Diagnosis: This is a medium-sized deer similar in body size to modern fallow deer Dama
dama. The males have a rather long braincase, with the bregma-opisthocranion distance longer
than the braincase breadth behind pedicles. The males also have comparatively narrow frontal
bones, with the braincase breadth behind pedicles measuring about 80% of the frontal constriction
before the pedicles. The pedicles are robust and moderately long, with the length of the pedicle in
mature males reaching about 2/3 of the pedicle lateromedial diameter. The small bullae tympani
are characterized by an irregular shape and a short auditory tube. The antlers are robust and have
four tines. The first and second tines are inserted on the anterior side of the antler beam. The first
tine is situated very high above the burr, with the height of the first ramification exceeding more
than two times the diameter of the basal part of the antler beam. The antler segment between the
first and second tines is comparatively short, shorter than the height of the first ramification. The
distance between the second and distalmost third ramifications is three times longer than the
distance between the first and second ramifications. The basal segment of the antler beam, below
the first ramification, is regularly circular. The beam segment between the first and second
ramifications has a longitudinal keel on the anterior side. The antler beam between the second and
third ramifications is significantly flattened, oriented in the parasagittal plane and terminates with
a distal bifurcation. The anterior tine of the distal bifurcation is stronger and represents a
continuation of the antler beam axis.

Holotype: the antlered skull OF-24995 (NMENH) with the main part of the right antler,
the basal part of the left antler, and the distal detached fragment of the left antler (Fig. A.18).

Locus typicus: Velikoploskoe Village (= Velikoe Ploskoe), Odessa Region (Ukraine).
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Stratum typicum: gravel lenses of the Kuchurgan fluviatile deposits.

Description. The antlered braincase OF-24995 belongs to a medium-sized cervid similar
in size to modern fallow deer. However, the greater part of the left antler is destroyed, and only its
proximal portion (150 mm of total length) is preserved. There is also a distal fragment of the left
antler that belongs to the same individual and represents a part of the antler beam between the
second tine and the distal bifurcation. The right antler is better preserved, except for its first tine
and the distal portion. The antlers are relatively robust and lyre-shaped with well-developed and
strong burrs. The cross-sectional shape of the antler base is slightly compressed in the
anteroposterior direction, and the surface is densely covered with sharp longitudinal ribs and
furrows. The median and posterior sides of the proximal portion of the antlers are sculptured with
graininess and tubercles.

In the better-preserved right antler, the first tine is situated very high relative to the burr,
with the height of the first ramification measuring about 105 mm. The second tine is inserted on
the anterior side of the beam at a short distance from the first tine, with the length of the antler
segment between the first and the second ramifications measuring 78.0 mm. The second tine is
cone-shaped and rather short, with a circular transverse section. Its length is 61.0 mm, and the
transverse diameter at the base is 18.7 mm. The angle of the second ramification measures 35°.

The distal portion of the left antler is a beam segment between the second and the third
ramification. The cross-section of the proximal end of the fragment is ovoid with a sharpened
posterior side (DAP = 34.4 mm; DLM = 32.7 mm). The antler beam extends anteroposteriorly
above the second ramification and becomes fairly flattened toward the third ramification. The
thickness of the antler beam in the area of the distal bifurcation is 25.2 mm. The anterior tine of
distal bifurcation 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 have a moderately long and circular cross-section and are slightly compressed
in the anteroposterior direction, with an angle of divergence formed by pedicle axes of 40°. The
frontal bones are narrow and slightly depressed between the frontal suture and their lateral margins.

The roof of the braincase is slightly convex, and the lambdoid suture between the temporal and
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occipital bones is trapezoidal. The basioccipital is pentagonal-shaped due to a moderate extension
of the pharyngeal tuberosities. The foramen ovale is not particularly large and is oval in shape,
with a maximal diameter of 4.6 mm, set obliquely to the sagittal plane, as seen in advanced Old
World deer (Vislobokova, 1990).

The bullae tympani are quite small and have an irregular shape, with anteroposterior
measurements of sin 12.9 mm and dx 13.2 mm, without any apical thorn or spike. The shape of
the bullae tympani is similar to that of Axis axis, as reported by Pocock (1943). The external
auditory tube is rather short, with a measurement from the auditory orifice to the inner anterior
edge of the bulla tympani of 30.4 mm (dx) and 27.5 mm (sin), which is about 25% shorter than
that of 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, making it possible to directly observe the post-glenoid foramen morphology. The post-
glenoid foramen is closed from the medial side by the bony bridge of squamosal bone, which
distinguishes plesiometacarpal cervids from telemetacarpal cervids (Bouvrain et al., 1989).

The index of relative braincase length (the bregma-opisthocranion length to braincase
breadth ratio) of P. australorientalis is 107.9%, which is similar to some fossil and recent cervids
(Metacervocerus rhenanus, Cervus nestii, C. elaphus) and modern Muntiacus muntjak and M.
reevesi. The braincase of P. australorientalis is relatively shorter and broader than in 4. axis,
Rucervus duvaucelii, Panolia eldii, and the mean values of modern Dama dama (Croitor, 2017).

The bregma-opisthocranion length to braincase breadth ratio varies from 92.4% to 108.7%
(n = 8) in modern fallow deer males, with a mean value of 98.2%. In females (n = 5), the ratio
ranges from 91.9% to 101.7%, with mean values of 97.6%, which are practically equal to the index
obtained for males. The small sample (n = 4) of 4. axis crania suggests a braincase shape index
similar to Dama dama, with a variation range from 94.0% to 101.5% and a mean value of 97.6%.
P. australorientalis is characterized by a frontal bone to overall braincase breadth ratio of 80.2%,
which is close to Elaphurus davidianus (80.3%,n=1), C. nippon (80.1%,n=1), D. dama (74.1%
to 87.6%, n = 8), and M. rhenanus (75.4% to 88.9%, n = 4). However, the frontal breadth in P.
warthae is relatively larger than in P. australorientalis, with a braincase breadth reaching only
73.7% of the frontal breadth in a young male individual (measured from the type specimen of P.
warthae Nr. 1 from Weze-1).

In small/medium-sized cervids, the shape of the occiput (the ratio between occiput height
and occiput width) varies insignificantly and is similar in cervines with various relative antler sizes
and weight. The index of occiput shape amounts to 63.8% in males of D. dama with relatively

large palmed antlers, which is close to the index obtained for H. porcinus with small three-pointed
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antlers (61.4%, n = 3). The index of occiput shape in P. australorientalis (64.8%) falls within the
variation of both D. dama and H. porcinus and is significantly lower than in P. warthae from
Weze-1 (77.0%; the cranial fragment Nr. 362). Therefore, the neurocranium of P. australorientalis
is comparatively short and broad and is similar to the modern Cervus, Muntiacus, and Late
Villafranchian Metacervocerus. The frontal bones are relatively narrow, as in the majority of
small/medium-sized and larger cervids.

Specimen Nr. 231, a proximal antler fragment from the Early Pliocene of Beresti
(Romania), is also identified as belonging to P. australorientalis and is curated at the Institute of
Speleology of Bucharest. The specimen measures 69.0 mm in length above the burr and does not
exhibit any indication of the first ramification at this height. The pedicle is moderately long and
somewhat anteroposteriorly compressed. The burr has an irregular shape, measuring LDM = 51.7
mm and DAP = 43.6 mm. At the point of breakage, the antler has a mediolateral diameter of 41.5
mm and an anteroposterior diameter of 31.2 mm (Croitor, 2017).

Distribution. Early Pliocene, MN14 — beginning of MN15, Southeastern Europe (Ukraine,
Moldova, Romania).

Praeelaphus sp. from Olivola

Synonymy:

1947 Dama nestii nestii ssp. nov.: Azzaroli, p. 52, fig. 1-7; p.55, fig. 4-1.
2012 Praeelaphuus lyra (Azzaroli, 1992): Croitor, p. 223, fig. 2.
2014 Praeelaphus cf. lyra (Azzaroli, 1992): Croitor, p. 128, fig. 10.

Comments. An antlered braincase IGF1378 of Praeelaphus sp. from Olivola (Fig. A.19)
represents one of the last members of the genus Praeelaphus found in the Late Villafranchian of
Tuscany (Italy). Initially described by Azzaroli (1947) as Dama nestii nestii, the specimen with
the left antler belongs to a mature male individual (sutures of the braincase are obliterated) and
shows characteristic antler morphology of Praeelaphus. The braincase is slightly flexed and
relatively short, similar to P. australorientalis (the ratio of bregma-opisthocranion length to
neurocranium breadth amounts to 107.9%). The parietal bones are slightly convex, the pedicles
are moderately long, slightly compressed anteroposteriorly, and somewhat inclined backward. The
basioccipital is bell-shaped and broadened in the pharyngeal tuberosities, as in P. australorientalis
and P. warthae. The preserved left bulla tympani is moderately large, smooth, and rounded, as in
P. warthae.

While the first tine is not preserved, it appears that the first ramification is situated
relatively high above the burr, though not as high as in P. australorientalis. The cross-section of

the antler base is circular, but the antler forms a specific anteroposterior extension below the first
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ramification. The antler beam is cylindrical above the first ramification and extends
anteroposteriorly below the second ramification, as in P. /yra. The side surfaces of the antler are
concave in the area of the second ramification. The second tine is somewhat compressed
anteroposteriorly, set perpendicular to the flattened portion of the antler beam, and located 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 direction and gradually becomes
broadened distally. The distalmost part of the antler is not preserved. The perpendicular orientation
of the second antler ramification to the plane of the flattened distal part of the beam is a variable
character in the sample from Olivola.

Additionally, the fragment of the right hemimandible IGF1394 from Olivola with
molarized P4 could be assigned to this cervid form.

Praeelaphus from Olivola is most likely a distinct species, although a detailed study is
needed to confirm this, as the Olivola fauna also includes another small cervid, Cervus nestii
(Croitor, 2014). The small-sized Praeelaphus persisted on the Italian peninsula until the "wolf
event" faunal turnover, becoming extinct just before the dispersal of the first primitive fallow deer,
Dama eurygonos, with simple four-tined antlers in the Tasso F.U. It appears that the presence of
Praeelaphus in the Early Pleistocene of the Italian Peninsula is indicative of a biogeographic
refugial character. Additionally, Praeelaphus may have also survived in the Transcaucasian
refugium; some cervid remains from the Early Pleistocene fauna of Dmanisi (Georgia) may be
attributed to this genus (Croitor, 2017).

Distribution. Early Pleistocene, Late Villafranchian, ca. 1.8 Ma, Italy.

Praeelaphus messinae (Pohlig, 1909)

Synonymy:

1909 Cervus (Megaceros) messinae sp. nov.: Pohlig, p. 251, fig. 1.

Diagnosis. A muntjac-sized deer with thin three-pointed antlers. The first tine is situated
above the burr at a distance exceeding the diameter of the antler base. The distal bifurcation is
composed of the strong and long posterior tine that is a continuation of the main axis of the antler,
and the smaller tine inserted on the anterior side of the beam. The antler forms a remarkable
flattening in the area of the second ramification. The antler is characterized by the presence of two
well-expressed longitudinal groves each of which ranges along the antler axis from the lateral and
medial sides. The cross-section of the beam between the basal and second tines is pyriform. The
antler surface is pearled.

Holotype. The left antler with pedicle figured by Poglig (1909).

Locus typicus. Puntali Cave near Carini, Sicily.
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Stratum typicum. The “Norfolk interglacial” layer of the Puntali Cave (Pohlig, 1909).

Description. The small deer discovered in the Puntali Cave is characterized by thin,
palmated antlers with at least three tines, including the basal tine, the second tine which is likely
the homology of the middle (trez) tine, and the distal, strongest tine which represents the
continuation of the main beam (see Fig. A.20). The preserved length of the antler (excluding the
distal small part that is missing) measures over 23 cm, while the diameter of the antler base is
approximately 15 mm (measurements calculated from the figures provided by Pohlig in 1909).
The antler is distinguished by the rather high position of the small basal tine (about 3 cm from the
burr), a robust second tine located on the anterior side of the beam, and a palmation-like extension
between the main beam and the second tine. The antler surface exhibits a pearled appearance.

According to Pohlig (1909), the small deer from the Puntali Cave represents a dwarfed
insular form of the giant deer Megaloceros giganteus. The high position of the basal tine and the
pearled antler surface exclude any possible evolutionary relationship between M. giganteus and C.
messinae. The Sicilian dwarfed deer shares specific antler characteristics with P. perrieri, such as
longitudinal shallow grooves and a remarkable flattening in the area of the second ramification.
Pohlig (1909) interpreted this feature as a homology of the giant deer's palmation.

Distribution: the Middle Pleistocene, Sicily. The dwarfed deer from the Puntali Cave most
probably is the last representative of Praeelaphus that survived into the Middle Pleistocene in the
insular refugium.

Genus Rucervus Hodgson, 1838

The emended diagnosis of Hodgson's (1838) original description: the body size ranges
from medium to very large; the antlers are of moderate size, with a basal anterior tine and distal
crown tines that are inserted on the posterior side of the beam. The crown tines are frequently
dichotomously branched, while the basal tine is often supplemented with an accessory prong or is
branched. No middle tine is present. The braincase is moderately flexed, and the parietal bones are
not convex. The basioccipitale is bell-shaped and broadened in the pharyngeal tubercles. Both
sexes possess small upper canines.

Type species. Cervus elaphoides Hodgson, 1835, a junior synonym of Cervus duvaucelii
Cuvier, 1823.

Comments. In Hodgson's (1838) original diagnosis of Cervus (Rucervus), he stated that
upper canines were only present in males. Pocock (1943) later confirmed this statement, but he

had only been able to check this character in a single female skull of Rucervus duvaucelii that had
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been studied by Hodgson. However, according to craniological material stored in the MNHN,
upper canines are present in both sexes of R. duvaucelii.

The genus Arvernoceros Heintz, 1970 was defined based on Cervus ardei Croizet et Jobert,
1828 from the Late Pliocene (Early Villafranchian) of Perrier-Etouaires (France). This definition
generally corresponds to the diagnosis of Rucervus, and therefore Arvernoceros is considered a
junior synonym of the latter, or at most, it could be regarded as a subgenus of Rucervus, as
proposed in the present study.

Subgenus Arvernoceros Heintz, 1970

Diagnosis. The first tine is situated comparatively higher above the burr; the height of the
first ramification is no less than twice the basal diameter of the antler; the crown part of the antler
is relatively shorter (about 1/3 of the antler beam length or less) and often is palmated. P4 is not
molarized and maintains a primitive morphology. The crown of P2 is always shorter than the
crowns of P3 and Pa.

Type species. Cervus ardei Croizet and Jobert, 1828.

Distribution. Early Pliocene—Early Pleistocene, Western Eurasia.

Rucervus (Arvernoceros) ardei (Croizet and Jobert, 1828)
Synonymy:

1828 Second sous-genre: Croizet and Jobert, pl. 1, fig. 1, pl. 2, figs. 2-3, pl. 3, fig. 2.
1853 Cervus ardeus Croizet et Jobert, 1828: Pomel, p. 108.

1878 Cervus cylindroceros sp. nov.: Dawkins, p. 412, fig. 11.

1884 Cervus (Polycladus) ardeus Croizet: Deperet, pl. V, fig. 1.

1884 Cervus (Axis) borbonicus Deperet: Deperet, p. 260, pl. VI, figs. 1, 2.

1970 Arvernoceros ardei (Croizet et Jobert, 1828): Heintz, p. 241, fig. 295.

2018 Rucervus ardei Croizet et Jobert, 1828): Croitor, p. 4.

Nomenclatural acts. The cranial and antler remains of this species appear on plates 1 (fig.
1), 2 (figs. 2-3), and 3 (fig. 2) entitled "Cerfs fossils de la montagne de Perrier (Second sous-
genre)" in "Recherches sur les ossementes fossils" of Croizet and Jobert (1828). Pomel (1853)
gave a definition of Cervus ardeus based on the figured by Croizet and Jobert (1828) specimens
and mentioned a fairly complete antler with a small distal palmation that could be close to C.
ardeus and was not figured before. This specimen appeared much later in figure 1 of plate V
published by Deperet (1884). Heintz (1970) selected the antler similar to the figured by Deperet
(1884) specimen as a neotype and this nomenclatural act was never contested afterwards.

Diagnosis: Fontal bones are flat, pedicles are comparatively long, robust, and weakly
divergent, slopped backwards, and almost lie on the plane of the frontal bones. The space between
pedicles is comparatively small. The braincase is relatively short and broad: the distance between

the bregma and opisthocranion anatomical points significantly exceeds the braincase breadth
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behind pedicles. The first tine is situated high above the burr, flattened and supplemented with an
additional prong. The antler beam is bent backwards in the area of the first ramification. The cross-
section of its proximal part is regularly circular. The distal third of the antler becomes laterally
compressed and terminates with three tines. The antler surface is smooth.

Neotype: the almost complete left antler PET5095 (MNHN) missing burr part.

Locus typicus: Les Etouaires, Puy-de-Déme, France.

Stratum typicum: alluvial layers of Etouaires, Lower Villafranchian.

Description. Rucervus (Arvernoceros) ardei is a large deer, weighing approximately 180
kg. This species exhibits a combination of primitive and advanced features. Among the primitive
characteristics should be mentioned long, backward-sloping parallel pedicles, simple antlers that
correspond to the three-pointed stage of antler evolution, and relatively primitive dentition with a
long premolar series and simple P4. The advanced features include a large body size, short and
broad braincase, and distal antler palmation in mature males. The antler structure is generally
simple, with a high first basal tine that may be slightly flattened and accompanied by a small
accessory prong. The antler beam terminates in a small distal fork, which may extend into a small
terminal palmation with three tines in mature specimens, resulting in a total number of four tines.

The neotype antler of R. (Arvernoceros) ardei has a regularly circular cross-section of the
beam, but it becomes compressed and bends towards the posterior at the area of the first
ramification. The first tine is flattened and has an accessory prong. The diameter at the middle of
the tine is 37.5 mm, with a minimum diameter of 21.0 mm. The maximum diameter of the first
tine runs obliquely upwards from the median side to the lateral one. The beam regains its cylinder
shape above the first ramification, with a DLM of 33.0 mm and DAP of 32.5 mm. The upper third
of the antler gradually becomes compressed and extends into a small palmation with three tines.
The distal palmation of the type specimen has three tines pointing forwards, which may not be
typical. The anterior tine of the palmated part of the antler may be interpreted as the apical part of
the beam, while the other two tines are crown tines inserted on the posterior side of the beam. The
distal fragment of antler PET1024 (NMNH) from Perrier suggests that the palmation was bilobed,
with two prongs on the preserved posterior lobe of palmation. This specimen is better described
as a palmation lobe terminated with two tines and separated from the anterior part of the palmation
by a deep incision. The breadth of this part of the palmation is 69.0 mm, and the distance between
the palmation incision and the distal bifurcation of the posterior palmation lobe is 99 mm. The
thickness of the antler fragment varies between 20.6 and 18.0 mm.

The fragment of frontal bone PET1020 (Heintz, 1970: p. 128, fig. 306, pl. XX, fig. 4a, b)

that includes the proximal part of the antler exhibits a strongly compressed first tine at its proximal
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end (DAP: 51.0 mm, DLM: 28.0 mm). The accessory prong is situated behind and medially to the
first tine, with the apical part broken off. The remaining length of the accessory prong is 48 mm
(Tab. A.6).

Unfortunately, well-preserved cranial material of R. ardei is lacking. The available skull
fragments provide some unique characteristics of the braincase and pedicles. The neurocranium
PET1053 (Heintz, 1970: p. 129, fig. 310) exhibits convex frontal bones before pedicles and strong
pedicles with a circular cross-section and a relatively small distance between their bases. The angle
between pedicles is 50°, while the parietal bones are slightly concave. The basioccipitale is slightly
broadened at pharyngeal tuberosities, bell-shaped. The preserved proximal parts of antlers deviate
anteriorly from the pedicle axis, and the antlers become compressed on the sides in the area of the
first ramification.

The cranial fragment PET1052 (Heintz, 1970: p. 128, fig. 309, pl. XX, fig. la, b) is
characterized by long, strong, and cylinder-shaped pedicles. The profile of the frontal bones is
convex between the pedicles and concave above the posterior parts of the orbits. The pedicles are
sloped backwards, almost parallel, and lie on the plane of frontal bones. The first tine is situated
very high above the burr (Tab. A.6). The antlers are strongly compressed in the area of the first
ramification. The right antler maintains a small accessory prong in the area of the first ramification,
situated somewhat medially on the antler (as in Eucladoceros). The antler beam is directed
backwards from the first ramification. The beam of the left antler is broken at 20 cm from the
ramification, and its measurements at this point are 40.5 mm (DAP) and 31.5 mm (DLM).

Heintz (1970) attributed upper cheek teeth with cingula to R. (Arvernoceros) ardei,
assuming that the flattened basal tine and upper molars with cingula prove its direct phyletic
relationship with Megaloceros giganteus. Heintz (1970) could not associate the antlers from
Perrier-Etouaires (France) with lower mandibles since the sample of fossils represents a mixture
of remains of two equally sized cervids R. ardei and Praeelaphus perrieri. Nonetheless, as already
suggested, R. ardei is characterized by a simple, unmolarized P4 and a relatively long series of
lower premolars.

The shed right antler from the Villafranchian deposits of Slobozia Mare (Moldova) is quite
small but shares with R. (4drvernoceros) ardei from the type locality the flattened shape of the first
tine, the high position of the first ramification, and the cylinder-shaped beam (Fig. A.21). Unlike
the antler from the type locality, the beam of the Moldavian antler is not turned backward from
the first ramification. The antler from Slobozia Mare is very close to the antler variant described

as "Cervus cylindroceros".
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Distribution. R. (Arvernoceros) ardei was documented by Heintz (1970) at various Lower
Villafranchian sites in France and Spain. The earliest evidence of R. (4rvernoceros) in Europe was
found at Weze-1 (Poland) from the Late Ruscinian (Early Pliocene); this is a frontal part of the
skull that is morphologically similar to the frontal shape of R. (Arvernoceros) ardei from Perrier-
Etouaires (Croitor and Stefaniak, 2009). The shed antler from the Villafranchian deposits of
Slobozia Mare (Moldova) expands the range of R. (Arvernoceros) ardei to southeastern Europe.

Rucervus (Arvernoceros) radulescui Croitor, 2018

Synonymy:

1977 Cervus philisi Schaub, 1941: Alekseeva, p. 129, fig. 25.

1990 Eucladoceros sp.: Radulesco and Samson, p. 227.

2005 Eucladoceros ctenoides (Nesti, 1841): Kostopoulos and Athanassiou, p. 182, fig. 3.
2008 Arvernoceros sp.: Titov, p. 104, tab. 46.

2009 Arvernoceros sp.: Croitor, p. 382, fig. 3, D.

2015 Eucladoceros sp.: Curran, p. 299.

Diagnosis. The body size is similar to that of modern European red deer. Antlers are thin
and large, with a distal crown transformed into a small palmation divided into two lobes terminated
with tines. The antler beam cross-section is oval. The basal tine is situated at a long distance from
the burr: the basal ramification height exceeds 2—3 times the antler base diameter. The lower fourth
premolar (P4) is simple.

Differential diagnosis. The new species differs from E. ctenoides and E. dicranios in its
antler structure. R. radulescui has up to three tines (which may be bifurcated) on the posterior side
of the distal portion of the beam, forming the antler crown. In contrast, Eucladoceros has three to
five crown tines inserted on the anterior side of the beam. Moreover, R. radulescui lacks the
accessory prong situated somewhat medially in the area of the first ramification, which is present
in Eucladoceros.

Compared to Rucervus simplicidens/colberti from the Siwalik fauna, R. radulescui has a
relatively high position of the first ramification, a shorter crown segment of the antler, and a
palmated distal portion of the antler. Furthermore, the new species differs from R. ardei (Croizet
and Jobert, 1828) from the Late Pliocene of Perrier-Etouaires (France) in the absence of a small
additional prong on the basal tine, the somewhat divergent pedicles, and the practically complete
reduction of the lingual cingulum in the upper molars. R. radulescui has a pronouncedly oval cross-
section of the beam, unlike both R. ardei and R. simplicidens/colberti.

R. radulescui is distinguished from R. verestchagini (David, 1992) from the Early
Pleistocene of Salcia (Moldova) by its significantly smaller body size, the simple cylinder-shaped
first tine (not flattened and trifurcated as in R. verestchagini), and the well-developed distal

palmation.
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Locus typicus. Valea Graunceanului (=Graunceanu, =Bugiulesti, =Rosiile), western slope
of the Dealul Viilor Hill, Tetoiu Area, Valcea County, Southern Romania.

Other sites. Salcia (Moldova), Morskaya Station, Liventsovka (Russia), Gerakarou
(Greece).

Stratum typicum. Lower faunal horizon (T-1), Early Pleistocene, MN17-MQ1; correlated
with the Tiglian C5 warm stage of the Netherlands and the fauna from Volakas in Greece (Croitor,
2018a)

Holotype. The shed antler with collection number "GR-965, c. 17, v. 690" (ISER) belongs
to a young adult individual (Fig. A.22). The first (basal) tine is broken off, and the distal palmation
is damaged, including the anterior lobe, which corresponds to the apical portion of the antler. The
posterior lobe of palmation terminates into two tines, with the apical parts of those tines broken
off. The preserved antler part has a total length of approximately 540 mm. The antler base is oval-
shaped, with a DAP of 43.6 mm and a DLM of 36.6 mm. The antler circumference above the burr
is 125 mm. The height of the first ramification is 106.2 mm and there is a specific sharp rib
connecting the beam and the first tine in the area of ramification. The distance between the first
ramification and the distal palmation measures approximately 290 mm. The beam is S-shaped,
gently curved backwards above the first ramification, and then moderately bowed towards the
anterior, gradually expanding into the distal palmation, which is slightly concave from the medial
side. The breadth of the posterior lobe of palmation is 89.0 mm. The antler surface is smooth,
without pearling, and the longitudinal ribs and furrows are moderately expressed. The beam cross-
section is oval.

Rucervus (Arvernoceros) verestchagini David, 1992

Synonymy:

1992 Arvernoceros verestchagini sp. nov.: David, p. 67, fig. 1.
2018 Rucervus (Arvernoceros) verestchagini David, 1992: Croitor, p. 4, fig. 15e.
2019 Arvernoceros verestchagini David, 1992: Vislobokova et al., p. 597, fig. 1.

Diagnosis: the species is characterized by its very large size. The antler beam is cylindrical
in its proximal part and laterally compressed in its distal third. The basal tine is positioned high
above the burr and terminates in a small palmation with three prongs. The distal crown consists of
a single tine that arises from the posterior side of the beam, resulting in a simple fork termination.
The distal palmation is absent.

Holotype: the shed left antler from Salcia (IZC).

Locus typicus: Salcia Quarry, Moldova.
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Stratum typicum: lower sand deposits of Salcia Quarry, Villafranchian.

Description. This species exhibits a large body size (similar to modern wapiti Cervus
canadensis) and relatively simple antler morphology. The holotype antler shares a general bauplan
with R. (Arvernoceros) ardei, but is notably larger (David, 1992). The antler circumference above
the burr measures 277 mm, and the preserved length of the antler is approximately 1 meter, with
the apical portion being destroyed. The proximal part of the antler beam is cylindrical in shape,
with the first tine positioned high above the burr. This tine is robust and extends into a small
palmation with three prongs that exhibit an inward curvature. The first tine likely exceeds 400 mm
in length, and the breadth of the palmation at the base of the prongs is approximately 220 mm. The
distance between the base of the first tine and the two upper prongs of the ramification is 300 mm,
and the circumference of the narrowest part of the first tine is 205 mm. The antler beam is
moderately curved backwards in the area of the first ramification before turning upright in the
middle of the antler part above the first ramification, gradually becoming flattened. The
circumference of the beam above the first ramification is 221 mm. The distal part of the antler
does not form a palmation, but rather is flattened, ending with a simple distal bifurcation. The
distance between the first and second ramifications is 715 mm. The DAP and DLM of the antler
beam above the second ramification are 74.7 mm and 44.8 mm, respectively. It is unclear whether
the destroyed distal part had another ramification or not.

Distribution. Early Pleistocene of Moldova (Salcia) and Ukraine (Crimea, Tavrida Cave)
(Vislobokova et al., 2019).

Rucervus sp. from Venta Micena-2

Comments. Menendez (1987) described remains of a medium-sized deer from the Early
Pleistocene of Venta Micena-2 (Spain) as "Cervus” elaphoides. However, according to Lister
(1990), the small cervid from Venta Micena is a genuine and yet undescribed species. The fossil
material from Venta Micena is quite poor and includes only fragmentary remains of antlers, upper
and lower dentition, and limb bones. The antlers figured by Menendez (1987) are characterized by
the high position of the first ramification (height of ramification is 2-3 times larger than the
diameter of the antler base), the somewhat compressed lateromedially proximal part of the basal
tine, and the accessory prong, which in one case is situated on the basal tine, and in another case
is located in the area of the basal ramification. The antler beam is curved towards the posterior
immediately above the basal ramification, and the pedicles are moderately long.

The enlisted antler characters approach the cervid under discussion to R. (4.) ardei,
however, the deer from Venta Micena is somewhat smaller. According to Menendez (1987), the

length of the upper tooth row of the deer from Venta Micena ranges from 81.3 to 84.1 mm (n=4),
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while the length of upper cheek teeth in R. (4.) ardei, according to Heintz (1970), varies between
97.5 and 109.0 (n=4). The dental morphology of the deer from Venta Micena is more advanced
compared to R. (4.) ardei: P4 is variable and in some cases is molarized; the upper premolar row
is relatively short (the upper premolar to molar series ratio amounts to 65.8% in the sample from
Venta Micena and to 78.8% and 73.9% in the samples of R. (4.) ardei described by Heintz 1970);
the lingual cingulum in upper molars is reduced, however, the entostyle is large, flattened, and
strong.

The cervid from Venta Micena and R. (4.) ardei are characterized by similar morphology
of upper premolars: the hypocone and the protocone of P> and P? are separated, and the anterior
wing of the hypocone of the upper premolars is supplemented with an additional enamel fold
(Heintz, 1970: pl. XXXIV; Menéndez, 1987: 175, pl. 2, fig. 3). Therefore, the small cervid from
Venta Micena is closely related to R. (4.) ardei but is distinguished by its smaller size and more
advanced morphology of dentition. Most probably, the smaller deer from Venta Micena is a
transitional form between R. (4.) ardei and the endemic deer Haploidoceros mediterraneus from

the Iberian Middle and Late Pleistocene.

Subgenus Rucervus Hodgson, 1838

Diagnosis. The first tine is situated comparatively low above the burr; the height of the
first ramification is less than twice the basal diameter of the antler; the crown part of the antler is
relatively longer (no less than 40% of the antler beam length) and often is not palmated.

Type species: the subgenus is nominotypical.

Composition: R. duvaucelii (Cuvier, 1823) (Middle Pleistocene — Holocene, South Asia);
R. simplicidens (Lydekker, 1876) (Siwaliks, Early Pleistocene); R. colberti (Azzaroli, 1954)
(Siwaliks, Early Pleistocene; R. gigans Croitor, 2018 (Early Pleistocene, Greece).

Distribution. Pliocene—Holocene, Southern Eurasia.

Rucervus (Rucervus) gigans Croitor, 2018.
Synonymy:

1997 Megaloceros sp.: Kostopoulos, p. 846, fig. 1-A, B, D, E, F.
2004 Arvernoceros cf. verestchagini David, 1992: Croitor and Kostopoulos, p. 140, figs. 1, 2, 4-A, 5.

Diagnosis. The body size is very large, being similar to that of the giant deer Megaloceros
giganteus. The first ramification is situated quite close to the burr (the height of the ramification
is less than 2 x DAP of the antler's base), flattened, and bifurcated, with the vertical orientation of

the flattened portion and the fork. The angle of the first ramification is obtuse. The cross-section
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of the antler beam is circular. Pedicles are moderately long and somewhat deflected backwards,
with a circular cross-section. The lower fourth premolar (P4) is simple. The relative length of lower
premolars is relatively long: the premolar/molar ratio normally exceeds 60%. Upper molars are
supplemented with well-developed triangular entostyles, which are supplemented with a weak
lingual cingulum at least in the M>. Protoconal fold in the upper molars is not present. Mandibular
diastema is somewhat shorter than the lower molar series. Metapodials are relatively long; the
length of the metacarpus is comparable with that of the metatarsus

Differential diagnosis. The newly discovered species is notably larger than R. simplicidens
and R. colberti found in the Siwalik fauna. R. gigans can be distinguished from R. radulescui by
its significantly larger body size and the bifurcated first tine positioned lower on the anteromedial
side of the antler's beam. Additionally, it can be differentiated from Praemegaceros
pliotarandoides, also found in the same fauna, by its primitive unmolarized P4, flattened and
bifurcated first tine positioned close to the burr on the anterior side of the beam (as opposed to
cylinder-shaped and inserted on the anteromedial side of the beam in P. pliotarandoides), the lack
of vestigial subbasal tine, and a horizontal diastemal part of the mandible (as opposed to an
elevated symphyseal part as seen in Praemegaceros). Furthermore, R. gigans is distinct from R.
(Arvernoceros) verestchagini by its lower-positioned bifurcated first tine, which lacks the small
palmation and trifurcation observed in the latter species.

Locus typicus. Apollonia-1, 60 km NE to Thessaloniki, Greece.

Stratum typicum: the fluviolacustrine sediments of Platanochori Formation
(Premygdonian group), the final stage of the Lower Pleistocene, MNQ 20, 1.3—1.0 Ma.

Syntypes: The left hemimandible APL-384 with P3-M3 and destroyed ascending part; the
left maxilla APL-274 with full cheek tooth series P?-M?; the basal fragment of antler APL-357
with almost complete basal tine and partially destroyed burr; the right metacarpus APL-385; the
left metacarpus APL-334; and the frontal fragment with preserved basal portions of antlers APL-
212. The syntypes are stored in the School of Geology of the University of Thessaloniki (Greece).

Description. The left mandibular ramus APL-384 (Fig. A.23) is exceptionally large, with
a cheek tooth row length (L P2-M3, 188.0 mm) exceeding that of the Megaloceros giganteus
sample stored in the NHML (L P2-M3, 161.1-173.1 mm, n = 12). Despite its size, the mandibular
body is relatively low and not pachyostotic. The diastemal part of the mandible is relatively short,
with a length slightly shorter than the lower molar series. P4 is simple, with a moderately extended
anteroposterior metaconid. The fusion of the paraconid and parastylid of P3 and P4 forms a specific

isolated enamel islet.
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The mandibular fragment APL-33 belongs to an older individual with a deeply worn
dentition, where M1 is almost completely worn out. Its tooth row length (162.0 mm) falls within
the variation range of the Irish sample of M. giganteus stored in the NHML. The entoconid and
entostylid of P4 are fused and close the little posterior valley, as in the deeply worn fourth
premolars of R. radulescui from Liventsovka, although the anterior valley remains open.

The maxilla APL-274 (Fig. A.24) has a full row of cheek teeth in the advanced stage of
wear, but meaningful morphological characters are still visible. The total tooth row length (157.1
mm) exceeds the size range of variation of M. giganteus from Ireland (L P?>-M?>, 141.6-153.3 mm,
n = 9; stored in the NHML, MNHN, PMM, NHMB). The lingual wall of P? is cleft, separating its
protocone and hypocone. The inner wall of the protocone of P? is folded. The lingual wall of P
has a shallow vertical groove, and the protocone and hypocone of P? are connected through an
isthmus. The inner wall of the hypocone of P? is undulated, including a small enamel islet. The
hypocone of P* includes a large enamel fold supplementing its inner wall. Upper molars are
characterized by a well-developed hypoconal spur and flattened entostyles. In M3, the entostyle is
larger than in other molars and connected with a very small but clear lingual cingulum. The molar
crowns are comparatively broad, with measurements of their breadth close to the values of the
crown length.

The basal fragment of the shed antler APL-357 (Fig. A.25) is distinguished by the very low
position of the basal tine and the obtuse angle of the first ramification. In contrast to M. giganteus,
which also has a flattened and bifurcated basal tine, the flattened portion of the basal tine in R.
gigans is oriented in the vertical plane.

The frontlet APL-212 (Croitor and Kostopoulos, 2004: fig. 14A) belongs to a relatively
young individual with long, circular pedicles that point sideways and backward and are situated in
the plane of the frontal bones. The angle of pedicle divergence is right. The sagittal profile of the
frontal bones is prominent between the pedicles and slightly concave before the pedicles, while
the frontal bones become concave in the sides of the interfrontal suture in the supraorbital area.
The interfrontal suture is slightly elevated in front of the pedicles. The frontal part of the skull is
relatively broad for the braincase breadth measured behind the pedicles, distinguishing the
specimen from Apollonia-1 from the "large Arvernoceros” from Liventsovka with relatively
narrower frontals. The antlers are characterized by a higher position of the basal tine compared to
the previous specimen, indicating some degree of individual or ontogenetic variation of this
character. The antler becomes strongly compressed lateromedially in the area of the first

ramification, while the main beam cross-section is circular.
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The postcranial bones are exceptionally large and can be distinguished from any cervid
sample considered in the present study. A curious morphological feature of R. gigans that reflects
its specific ecological niche as a high-level browser is the disproportionate length of its
metacarpals, metatarsals, and radius for a deer of such large size, with lengths respectively 10.7%,
11.8%, and 4.2% longer than the corresponding mean lengths of the giant deer from Ireland
(Croitor and Kostopoulos, 2004). The proportions of limbs in R. gigans are also peculiar, with its

metacarpals comparable in length to the radius and metatarsus.

Genus Haploidoceros Croitor, Bonifay and Brugal, 2008

Nomenclatural acts: Bonifay (1967) originally described a few fragments of robust antlers
from the Middle Pleistocene deposits (Mindel-Riss Interglacial, ca. 0.30-0.35) of Lunel-Viel
(Southern France) as Euctenoceros mediterraneus. However, additional fossil material has since
been discovered, revealing an advanced evolutionary specialization of cranial, dental, and antler
morphology. These discoveries have led to the creation of a new monotypic genus, Haploidoceros.

Type species: Eucladoceros mediterraneus M.-F. Bonifay, 1967.

Composition: the genus is monotypic.

Haploidoceros mediterraneus (Bonifay, 1967)

Diagnosis. A medium-sized deer, with an intermediate body size between fallow deer and
red deer. The fully grown antlers are relatively robust and very long, bifurcating into two points.
The antler beam is sickle-shaped, curved backwards and sidewards, and then upright and forwards.
The cross-section of the antler beam is circular, with a rough and sculptured surface featuring
longitudinal ribs and furrows. The basal tine is cylindrical and very long. The pedicles are very
short, directed laterally and backwards, and have a circular cross-section. The neurocranium is
relatively long. P*> and P* have a cleft on their lingual wall, while the cingulum of the upper molars
is reduced and in most cases ansent. Upper molars are characterized by the presence of an entostyle
and a hypoconal spur, and P4 is molarized. The upper and lower premolar series are relatively
short.

Lectotype: unshed left antler LV-I-9-1179 connected to a fragment of the frontal bone,
with destroyed distal portions of basal tine and beam (Fig. A.26). The specimen belongs to an adult
male.

Paralectotypes: unshed right antler LV-1-9-980 with pedicle; unshed left antler LV-I-9-
1594 with pedicle. Both specimens belong to adult male individuals. The specimens are figured

by Bonifay (1967) and stored in the National Museum of Prehistory les Eyzies de Tayac (France).
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Locus typicus. Lunel-Viel (Herault, France).

Stratum typicum: the Middle Pleistocene, Mindel-Riss Interglaciation.

Other localities: L’Igue des Rameaux (South-West France), Cova Del Rinoceront (the
Iberian Peninsula).

Description. Large, massive, but simple antlers represent the most remarkable feature of
this species. The robust fully grown antlers have only two points: the long sickle-shaped beam and
the strong basal tine. The shed antler LV-IV-15728 (MNP) is the most complete specimen,
preserving the main beam. The antler beam is very long (907 mm) and has almost the same
diameter as the basal tine. Right above the bifurcation, it bends backwards and sidewards, then the
antler curves uprights, and its distal portion is pointed forward. The transverse cross-section of the
antler beam is mainly circular; the distal portion of the antler is slightly compressed mediolaterally.
The basal tine is inserted high above the burr and is oriented along the axis of the antler base and
pedicle. The base of the tine is somewhat compressed in the lateromedial direction. The distal
portion of the tine has a regular circular cross-section. The individual variation of the antlers
concerns the angle of the basal ramification, which varies in the sample from Lunel-Viel from 60°
to 80°.

A similar specimen was discovered in the Late Pleistocene karst filling of the Cova del
Rinoceront near Barcelona (Spain). This is a damaged skull with a complete left antler (Fig. A.27).

The pedicles are very short and robust, sloped backwards and sideward. The extremely
short and robust pedicles in H. mediterraneus represent another remarkable distinctive character
of this cervid. The pedicle height measured from the posteromedial side is approximately 1/3 of
the pedicle diameter. The transverse cross-section of the pedicles has a regular circular shape. The
neurocranium LV-IV-14911 (MNP) from Lunel-Viel is elongated, and unflexed, with slightly
convex parietal and temporal bones. The body of the basioccipital is broad and bell-shaped. The
foramina ovale are small, with an irregular rounded shape. The bullae tympani are large, rounded,
somewhat compressed laterally, and prominent, with a rib and a rostral bony thorn. The occipital
is comparatively low, with well-developed and prominent crests and ridges for nuchal muscles.
The frontal bones are very broad (the estimated breadth is 120 mm) for the braincase breadth. The
relatively broad frontals of H. mediterraneus are correlated with the sideward orientation of
pedicles. The modern species Rucervus duvaucelii shows the greatest affinity in the proportions
of the neurocranium with the skull from Lunel-Viel (Croitor et al., 2008).

The premolar series is comparatively short. The lingual wall of P? is cleft, so the hypocone
and the protocone of P? are separated. The anterior wing of the hypocone has an internal enamel

fold. The hypocone and the protocone of P® are separated as well. The anterior wing of the
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hypocone is supplemented with a large enamel fold projecting inward and backwards. The lingual
wall of P* may be cleft (5 cases out of 21). The upper molars are characterized by the presence of
an entostyle and a hypoconal spur (eperon). Only rudimentary remains of a cingulum are observed
in M? and M? of some specimens. P4 is always molarized. The upper and lower premolar series
are relatively short (Fig. A.28).

The evolution of H. mediterraneus took place in the Iberian glacial refugium during the
early Middle Pleistocene. Rucervus (Arvernoceros) sp. from the Early Pleistocene of Venta
Micena-2 is the direct forerunner of H. mediterraneus that developed toward the molarization of
P4, the relative shortening of upper and lower premolar series, and the simplification of antlers.
Pedicles became shorter and more divergent. Among the characters that indicate the phylogenetic
relationship between R. (4.) ardei and H. mediterraneus we can mention the high position of basal
ramification, the bending of the beam toward the posterior immediately above the basal
ramification, the compressed proximal part of the basal tine that reminds the flattened basal tined
in Arvernoceros, the circular cross-section of the antler beam, and the cleft lingual walls in upper
premolars. The weak flattening of the distal part of the beam observed in the specimen LV-IV-
15728 may be interpreted as a vestige of distal palmation of Arvernoceros.

Abundant remains of H. mediterraneus were also reported from the Late Pleistocene of
Cova Del Rinoceront, Iberian Peninsula (Sanz et al., 2014), thus confirming the importance of the
Iberian glacial refugium for the evolution of this endemic cervid. The Iberian material shows

essentially the same morphology as the sample from the type locality.

Genus Sinomegaceros Dietrich, 1933
Sinomegaceros insolitus (Vekua, Bendukidze and Kiladze, 2010)

Comments. A newly discovered large-sized deer species with palmated antlers was
described from the Early Pleistocene of Dmanisi (Georgia). The holotype is a shed antler with very
long terminal tines and a palmation supplemented by several smaller posterior crown tines (Fig.
A.29 A). The basal tine is situated close to the burr (Vekua et al., 2010). The antler structure is
similar to that of "Dama" sericus Teilhard de Chardin and Trassaert, 1937, a much smaller deer
from the Pliocene of Shansi (China). The palmation of this Caucasian deer also shows an affinity
to Praemegaceros (Nesoleipoceros) solilhacus. However, S. insolitus is distinguishable by its
strong development of the basal tine and the absence of the middle tine (Fig. A.29). The fragment
of antler palmation from Dmanisi reported by Krijgsman et al. (2019: fig. 11) as Cervalces cf.

gallicus actually belongs to S. insolitus.
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Sinomegaceros stavropolensis (Titov and Shvyreva, 2016)

Comments. Described from the Early Pleistocene (Late Villafranchian) of Ciscaucasia,
this medium-sized deer (DLM above burr measuring 60.7 mm) is similar to the previous species,
but can be differentiated by its higher basal tine, short terminal tines, and more robust palmation
with posterior tines. The antler beam cross-section is subtriangular, which distinguishes it from R.
(Arvernoceros) ardei and R. (Arvernoceros) verestchagini, characterized by a circular beam cross-
section. According to Titov and Shvyreva (2016), this species is considered a transitional form
between R. (Arvernoceros) ardei and Megaloceros giganteus. The antler shape of Sinomegaceros
starvopolensis shows a striking similarity with “Dama” sericus and Asian Sinomegaceros, while
the resemblance with M. giganteus is less evident. In contrast to Megaloceros, the basal antler is
located at a distance from the burr, and the middle tine is absent. The fragment of antler palmation
from the Early Pleistocene of Dmanisi (Georgia) reported by Krijgsman et al. (2019: fig. 11) as
Cervalces cf. gallicus is similar to Sinomegaceros starvopolensis. These findings suggest that S.

insolitus and S. stavropolensis may be closely related forms.

Genus Eucladoceros Falconer, 1868
Synonymy:

FEuctenocerus Trouessart, 1899
Eucladocerus Simpson, 1945
Polycladus Crozet et Jobert 1828 /Gervais ?/

Nomenclatural acts: The name Eucladoceros was first introduced in the second volume
of the posthumous notes of H. Falconer (edited by C. Murchison) as a subgenus for the fossil
cervid species from the "Forest-bed" of the Norfolk coast at Backton (England) called Cervus
(Eucladoceros) sedgwickii (Gun.) (Falconer, 1868: p. 472). While Falconer (1868) attributed the
authorship of the species to Mr Gunn, who was the owner of the fossil specimen, the species
authorship belongs to Falconer since Gunn's antler description written in 1863 was never published
(Falconer, 1868: p. 471, editor's footnote).

Falconer (1868) also used the species name Cervus (Rusa) eucladoceros (Nob.) for a large
modern deer from India with upper canines and a basal tine forming an obtuse angle with the antler
beam and "quardifurcate" distal portion of the antler. As correctly noted in the editor's footnote,
Cervus (Rusa) eucladoceros is a synonym of the modern Rucervus duvaucelii (Cuvier, 1825)
(Falconer, 1868: p. 587).

Trouessart (1898) included several species in the genus Eucladoceros, such as Cervus

polycladus Gervais, 1852 (a synonym of Croizetoceros ramosus Croizet and Jobert, 1828), C.
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ardeus Croizet and Jobert, 1828 (later included in the genus Arvernoceros Heintz, 1970), C.
sedgwickii Falconer, 1868 (= C. intermedius de Serres fide Trousseart, 1898), C. ctenoides, C.
dicranius (sic!), C. macroglochis Pomel, 1851 (considered a nomen nudum by Heintz, 1970: p.
182). In the same publication, Trouessart (1898: 880) proposed a new subgenus, Euctenoceros,
within Cervus with a single species C. tetraceros Dawkins, 1878, giving, therefore, formal
taxonomical status to Lydekker's (1885) "tetracerotine group".

Teilhard de Chardin and Piveteau (1930: p. 53) recognized a specific for Eucladoceros
comb-like antler plan construction and proposed a diagnosis for C. (Eucladoceros) based mostly
on antler morphology of Eucladoceros boulei (Nihowan, Northern China): “bois munis de
nombreux andouillers (de quatre a six), longs, souvent aplatis et bifurqués, parfois soudés, disposés
en avant de la perche et normalement a elle, comme les dents d’un peigne. Premier andouiller
naissant prés ou loin de la meule. Quatriéme premolaire simple ou molarisée*.

Simpson (1945: p. 154) raised Falconer's Eucladoceros to the rank of genus and included
Polycladus Pomel, 1854 in the synonymy of this genus. Azzaroli (1947, 1953) objected to the use
of the name Eucladoceros Falconer due to potential confusion with a homonym. He proposed to
replace Eucladoceros Falconer with the genus name Euctenoceros Trouessart, 1898 (based on the
genus type Cervus tetraceros Dawkins, 1875) to avoid taxonomic confusion. However, there is no
homonymy between Falconer's subgenus FEucladoceros and the species Cervus (Rusa)
eucladoceros, as they represent the genus-group and species-group names, respectively.

Diagnosis: Body size is similar to modern red deer. The first antler tine is situated at a
certain distance from the burr. A small additional prong is present on the medial side of the beam,
near or above the first ramification. The beam segment between the first and second tine is
cylindrical in shape. The distal part of the beam above the second tine and all crown tines,
including the second tine of the antler, are more or less compressed from the sides. The crown
portion of the antler consists of 3-5 crown tines and has a comb-like shape, with all tines inserted
on the upper side of the beam. The basioccipital is broadened in the area of pharyngeal tuberosities,
bell-shaped. The orbitofrontal part of the skull is short, with the anterior edge of the orbit situated
above the third molar (M?). The praeorbital fossae are relatively large and deep. The nasal bones
are short and do not extend beyond the line connecting the anterior edges of orbitae. Small upper
canines are present. The upper molars may have additional enamel folds on the protocone and
hypocone. The lingual wall of P? is cleft or grooved. Hypocons of P3 and P* are supplemented with
additional inner enamel folds. P4 is variable, but more often is not molarised.

Type species: Cervus (Eucladoceros) sedgwickii Falconer, 1868, a junior synonym of

Cervus dicranios Nesti, 1841.
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Composition: FEucladoceros dicranios (Nesti, 1841) (Early Pleistocene, Europe);
Eucladoceros ctenoides (Nesti, 1841) (Early Pleistocene, Europe); Eucladoceros boulei (Teilhard
de Chardin and Piveteau, 1930) (Early Pleistocene, China); Eucladoceros proboulei Dong and Ye,
1996 (Pliocene, China).

Distribution: Pliocene - Early Pleistocene, Eurasia.

Eucladoceros dicranios (Nesti, 1841).
Synonymy:

1841 Cervus dicranios Nesti: Savi and Sismonda, p. 159.

1849 Cervus martialis sp. nov.: Gervais, p. 189.

1859 Cervus (Tarandus) martialis Gervais, 1849: Gervais, p.144, P1. 21, Figs. 2-5.
1868 Cervus (Eucladoceros) sedgwickii sp. nov.: Falconer, p. 472.

1881 Cervus dicranius Nesti, 1841: Riitimeyer, p. 106, Tab. 1, Fig. 1.

1891 Cervus segdwickii Falconer, 1868: Newton, p. 31.

1898 Anoglochis segdwicki Falconer: Lydekker, p. 240, fig. 66.

1898 Cervus (Eucladoceros) sedgwickii Falconer, 1868: Trouessart, p. 883.

1898 Cervus (Eucladoceros) dicranius Nesti, 1841: Trouessart, p. 884.

1962 Cervus (Eucladocerus) sedgwiki Falconer, 1868: Godina et al., p. 373.

1893 Cervus (Polycladus) segdwicki Falconer, 1868: Zittel, p. 402, figs. 334, 335.
1953 Euclenoceros dicranios (Nesti, 1841) : Azzaroli, p. 38.

Nomenclatural acts: The species name Cervus dicranios was first mentioned in a
publication by Savi and Sismonda (1841) summarizing Filippo Nesti's oral communication about
several new fossil deer species from Valdarno Superiore and Val di Chiana during a scientific
meeting held in Florence (Azzaroli and Mazza, 1992a).

Diagnosis: The basal tine is flattened and branched. The crown tines are bifurcated or
trifurcated.

Holotype: antlered skull IGF270, MGUF (Azzaroli and Mazza 1992a: pls. 1, 2).

Locus typicus: Upper Valdarno, Tuscany, Italy.

Stratum typicum: Late Villafranchian deposits of Upper Valdarno.

Description. This is the most advanced and possibly the largest (300 kg) species of the
genus, characterized by the particularly complicated morphology of antlers (Fig. A.31 E). The first
tine is situated at a certain distance from the burr, with an accessory specific to the genus, a subulate
tine, located in the area of the first ramification somewhat medially (it is directed upright on the
antlered skull). The three crown tines are inserted on the anterior side of the antler beam. The skull
is characterized by well-developed preorbital pits, large ethmoidal openings with long contact with
the nasal bone, and a flexed braincase when compared to other forms of Eucladoceros. The
advanced braincase flexion permits us to ascribe the damaged skull IGF255 (MGUF) from Upper
Valdarno to E. dicranios (Fig. A.30).
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The antler beam and tines (with the exception of the accessory subulate tine) are strongly
compressed from the sides. The antler tines are bifurcated or trifurcated, resulting in the right antler
having 14 points and the left one having 12 points (de Vos et al., 1995). In E. dicranios, the
bifurcation of antler tines represents a sort of hypermorphosis, which is particularly evident in the
proximal tines: the first (brow) tine and the first crown tine are flattened and trifurcated. The
trifurcation of the first crown tine on each antler resulted from the subsequent bifurcation of the
anterior branch of the tine. The second crown tine splits into a bifurcation in its proximal part and
forms two very long ramifications. The anterior ramification on the right antler is supplemented
with an accessory short prong. The third crown tine forms a smaller bifurcation in its distal portion.
The distal tine of the right antler is also bifurcated. The crown tines are somewhat deflected
backwards. The antler beams are curved sideways, giving the antlers a peculiar "brushy"
appearance. This optical illusion caused the incorrect description of the antler shape as "brush-
like," as reported, for instance, by Geist (1998), while the taxonomically significant comb pattern
of antler construction was overlooked.

Eucladoceros dicranios is quite rare in the paleontological record of Europe, with its
known distribution ranging from the Azov Sea area in the east to England in the west (de Vos et
al., 1995). The findings from Italy, England, and Russia display some minor morphological
differences (Azzaroli and Mazza, 1992a; de Vos et al., 1995); however, it is impossible to estimate
the significance of these differences since only one complete specimen is available from each
locality. Baygusheva and Titov (2013) described the sample from the Lower Pleistocene (Middle
Villafranchian) of Liventsovka (Azov Area, Russia) as the new subspecies E. dicranios
tanaitensis, which is considered a direct forerunner of Praemegaceros pliotarandoides, regarded
by some authors as E. orientalis pliotarandoides (De Alessandri, 1903) and E. orientalis orientalis
(Radulesco and Samson, 1967). The type specimen of E. dicranios tanaitensis is an incomplete
right antler (Baygusheva and Titov, 2013: fig. 2b-c) with the rather well-preserved first known
tine, which is dichotomously branched into four prongs, and the proximal part of the second crown
tine. The distal part of the antler is destroyed. This incomplete preservation of the antler from
Liventsovka gives a wrong impression of affinity with the dichotomously branched crown tines of
P. pliotarandoides antlers, which, however, lack such important diagnostic character of
Eucladoceros as the comb-like bauplan.

It is also important to note that Cervus pliotarandoides De Alessandri, 1903 has priority

over Psekupsoceros orientalis Radulesco and Samson, 1967.
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Eucladoceros ctenoides (Nesti, 1841)
Synonymy:

1841 Cervus ctenoides Nesti: Savi and Sismonda, p. 159.
1841 Cervus orticeros Nesti: Savi and Sismonda, p. 159.
1898 Cervus (Eucladoceros) ctenoides Nesti, 1841: Trouessart, p. 884.

Nomenclatural acts: The species names Cervus ctenoides and Cervus orticeros were first
mentioned in a summary of Filippo Nesti's oral communication on fossil deer species presented at
a scientific meeting in Florence, published by Savi and Sismonda in 1841. Azzaroli (1953) and
Azzaroli and Mazza (1992a) have included Cervus orticeros as a synonym of Cervus ctenoides.
This polymorphic species is represented by several local and chronological forms mainly
distinguished by morphological details of antlers (Azzaroli and Mazza, 1992a; De Vos et al.,
1995). Many authors nowadays place numerous species names such as senezensis, darestei,
falconeri, tegulensis, and tetraceros in the list of synonyms of Eucladoceros ctenoides (De Vos et
al., 1995; Croitor and Bonifay, 2001; Valli and Palombo, 2005; Baygusheva and Titov, 2013).

Diagnosis: The first tine is unbranched and has a circular cross-section. The crown tines
are typically simple and unbranched, with only occasional bifurcation seen in the distalmost crown
tines.

Holotype: right antler IGF 377, MGUF.

Locus typicus: Upper Valdarno, Tuscany, Italy.

Stratum typicum: Late Villafranchian deposits of Upper Valdarno.

Description. The body size of this species (250 kg) is slightly smaller than that of E.
dicranios from Upper Valdarno, making it difficult to distinguish mandibles and postcranial
remains of these two species. The first tine of E. ctenoides antlers is cylindrical and unbranched,
located at a certain distance from the burr. A small accessory tine is located on the anteromedial
side of the beam in the area of the first ramification, often preserved as a knob-like vestige. The
antler beam is slightly compressed from the sides between the first and second tine and becomes
strongly compressed above the second tine. The crown tines form a right angle with the beam and
are situated on its anterior side. Some specimens from the type locality are characterized by
ossacional dichotomous branching of crown tines. Similar spontaneous dichotomy of crown tines
is observed in antlered skulls of Eucladoceros from Sénéze (France) stored in Paris and some
antlers from Olivola (Italy) (Azaroli, 1948). The species includes several subspecies distinguished
mostly by the shape of their crown.

Distribution. Early Pleistocene of Western Europe and the Balkan Peninsula.

Subspecies:
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Eucladoceros ctenoides ctenoides (Nesti, 1841)

Description: nominotypical subspecies. The crown tines are straight with slight
undulations. The antler shape overall displays a distinct comb-like pattern. Azzaroli and Mazza
(1992a) noted that the fourth tine of the holotype of E. ctenoides exhibits a dichotomous
bifurcation that is clearly discernible. Additionally, the fifth tine also shows dichotomous
branching (Fig. A.31 A).

Distribution: Early Pleistocene of Western Europe, Late Villafranchian of Upper Valdarno
(Italy). A similar form of Eucladoceros is reported from the final stage of Late Villafranchian from
Ceyssaguet, France (Croitor and Bonifay, 2001).

FEucladoceros ctenoides olivolanus Azaroli and Mazza, 1992

Synonymy:

1947 Cervus (Euctenoceros) ctenoides (Nesti, 1841): Azzaroli, fig. 8.
1953 Euctenoceros dicranios (Nesti, 1841): Azzaroli, p. 38.
1992 Eucladoceros dicranios olivolanus ssp. nov.: Azaroli and Mazza, p. 50, fig. 7.

Nomenclatural acts: Azaroli and Mazza (1992a) proposed a new subspecies for the
sample from Olivola, which they believed to be a mixture of characteristics from E. ctenoides and
E. dicranios and considered it to be an ancestor of those two species.

Diagnosis: distal crown tines show a more frequent bifurcation than the nominotypical
subspecies.

Holotype: distal portion of antler IGF1402 (MGUF) with three crown tines.

Locus typicus: Olivola, Tuscany, Italy.

Stratum typicum: Late Villafranchian.

Description. The distal parts of two out of three crown tines in the type specimen are
bifurcated, resembling to some extent E. dicranios. However, the basal tine in Eucladoceros from
Olivola (seen in other specimens) is cylinder-shaped and unbranched like in E. ctenoides (Fig.
A.31 C). Although occasional incipient bifurcation in crown tines is characteristic of E. ctenoides,
this unstable crown tine bifurcation should be regarded as a hypertrophy rather than a transitional
evolutionary stage between E. ctenoides and E. dicranios. Therefore, E. dicranios olivolanus is a
junior synonym of E. ctenoides, or at least should be kept as the subspecies E. ctenoides olivolanus.
Unlike the antler hypermorphology in E. dicranios, thich is characterized by the largest and most
branched first crown tine, the antler hypertrophy in E. ctenoides ctenoides is more strongly
expressed in the distal crown tines (second and third) that tend to be bifurcated.

Distribution. Early Pleistocene (ca. 2.0 Ma) of Central Italy.

Eucladoceros ctenoides falconeri (Dawkins, 1868)
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Synonymy

1868 Cervus falconeri sp. nov.: Dawkins, p. 517, pl. XVIII, figs. 9-12.

1891 Cervus falconeri Dawkins, 1868: Newton, p. 28, P1. IV, fig. 7a-b.

1898 Cervus (Dama) falconeri (Dawkins, 1868): Trouessart, p. 885.

1904 Cervus teguliensis sp. nov.: Dubois, p. 218, fig. 1

1904 Cervus tegulensis sp. nov.: Dubois, p. 247, fig. 1.

1910 Cervus senezensis sp. nov.: Deperet and Mayet, p. 261.

1931 Cervus darestei sp. nov.: Deperet, p. 1256.

1946 Eucladoceros tegulensis (Dubois, 1904): Schreuder, p. 155.

1953 Euctenoceros falconeri (Dawkins, 1868): Azzaroli, p. 38.

1970 Eucladoceros senezensis senezensis (Deperet and Mayet, 1910), Heintz, p. 186, pls. X-XIII, fig. 202.
1992 Eucladoceros tegulensis (Dubois, 1904): Spaan, p. 24, fig. 1.

1995 Eucladoceros ctenoides (Nesti, 1841): de Vos et al., p. 104, fig. 8, p. 109.
1970 Eucladoceros teguliensis (Dubois, 1904): Heintz, p. 186, fig. 199.

1995 Eucladoceros ctenoides (Nesti, 1841) : de Vos et al., p. 109.

Nomenclatural acts: Lydekker (1885: 91) placed Cervus falconeri Boyd-Dawkins in the
so-called “Damine group” (fallow deer group) and suggested a relationship with Cervus browni
(= Dama clactoniana Falconer), noting that the antlers of the former cervid were "much less
palmed". This view was shared by Newton (1891) and Trouessart (1898), who included Cervus
falconeri in the genus Dama. De Vos et al. (1995) regarded Eucladoceros falconeri (Dawkins,
1868), E. senezensis (Deperet and Mayet, 1910), and E. tegulensis (Dubois, 1904) as synonyms of
E. ctenoides (Nesti, 1841). Lister (1998) observed that the antler sample of Eucladoceros from
Norwich Crag represents a distinct morphotype, and therefore suggested that the species name F.
falconeri be maintained.

Diagnosis: The accessory prong is well-developed and situated at a certain distance from
the first ramification. The beam segment between the basal tine and crown part is relatively longer
than in nominotypical subspecies. Crown tines are bent inward and forward.

Holotype: right shed antler of a young individual BM33509. The distal part of the antler
above the first crown tine is not preserved.

Locus typicus: Norwich Crag, England.

Stratum typicum: “Pliocene of Norwich Crag” (Dawkins, 1868).

Description. The type antler most probably belongs to a young individual (De Vos et al.,
1995). The antler base is irregularly rounded, with a DAP of 33.7 mm and a DLM of 29.2 mm.
The antler circumference at the base is 108 mm. The first tine of the type specimen is situated 76.7
mm from the burr. The accessory prong is located on the anteromedial side of the antler beam. The
length of the beam segment between the basal tine and the first crown tine is 20 cm. The antler
beam is compressed from the side in this part of the antler and becomes more flattened above the
first crown tine. The shed left antler M15696 from Norwich Crag, Dunwich, Suffolk, is larger
(DAP above the burr, 42.7 mm; DLM above the burr, 40.0 mm; CFR, 125 mm). The first
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ramification is situated at 75.0 mm from the burr, and the accessory prong is very strong, pointed
medially, and situated at 81.0 mm from the first tine.

The complete antlers from Sénéze, the type locality of Cervus senezensis, are characterized
by a somewhat less pronounced metamerism, which represents an advanced specialization (Fig.
A.31 B). The skull of E. ctenoides from Sénéze is characterized by a braincase that is slightly
flexed, well-developed preorbital pits, and large ethmoidal openings that are bordered by nasal
bones with a short interval, comprising only around 30% of the length of the ethmoidal opening.
Additionally, the oval bullae tympani feature a longitudinal ridge, and the basioccipital widens in
pharyngeal tuberosities, giving it a broad, bell-shaped appearance (Fig. A.32). The posterior edge
of the nasal bones almost reaches the line connecting the anterior edges of the orbits.

The dentition is generally primitive: the P4 is normally not molarized, the lower premolar
series is moderately short (premolar/molar ratio varies between 55% and 67%), the upper molars
occasionally are supplemented with a small protoconal fold and a hypoconal spur, and the
entostylids are small. Although upper canines are likely present, they could not be confirmed as
all specimens I studied were damaged in their rostral part.

Distribution. Early Pleistocene of England, France, the Netherlands, Germany, and
Romania.

Eucladoceros ctenoides tetraceros Dawkins, 1878

Synonymy:

1853 Cervus macroglochis Nob.: Pomel, p. 104 (nomen nudum).

1878 Cervus tetraceros Dawkins: Dawkins, p. 416, figs. 13, 14, 15, 16, 17.

1891 Cervus tetraceros Mackie 1861: Newton, p. 32, P1. IV, fig. 2.

1898 Anoglochis tetraceros (Dawkins, 1878): Lydekker, p. 242, fig. 67.

1952 Euctenoceros tetraceros (Dawkins, 1878): Bout and Azzaroli, p. 14, figs. 3,4, 5,6, 7.

Nomenclatural acts: In 1853, Pomel provided the first description of the comb-like antlers
of the large-sized deer from Peyrolles (Puy-de-Dome, France). He proposed the species name
Cervus macroglochis and provided a brief description of the antlers. Unfortunately, Pomel did not
include any figures, and the fossil collection used for the species description was lost (Bout and
Azzaroli, 1952). Consequently, the species Cervus macroglochis is now considered a nomen
nudum (Heintz, 1970).

Bravard's collection of fossils from Peyrolles had better fate. According to Newton (1891),
NHML purchased a series of cervid remains from Peyrolles in 1852, several of which were large
shed antlers labelled by Bravard as "Cervus tetracoceros". However, Bravard did not publish a

formal description of the species. The cervid fossils from Peyrolles were eventually described by
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Mackie (1861), who used Bravard's proposed species name. Newton (1891) attributed the species
authorship to Mackie. This species name should be considered nomen oblitum.

Dawkins (1878) later proposed a modified name for the species, Cervus teraceros, and
published a detailed description with measurements and figures of the antlers. He suggested that
C. tetraceros was closely related to Cariacus virginianus (= Odocoileus virginianus), a viewpoint
also shared by Lydekker (1885: p. 113; 1898: p. 242). However, this conclusion was based on a
superficial similarity of the comb-like pattern of the distal antler portion. It is worth noting that in
Eucladoceros, the crown tines are inserted on the anterior side of the beam, while in Odocoideus,
the crown tines are situated on the posterior side of the beam. Lydekker (1898: fig. 67) believed
that the antlers from Peyrolles were deformed and proposed a reconstruction resembling the antlers
of Odocoileus. However, this reconstruction is incorrect. Azzaroli (1952) selected the lectotype
from Bravard's collection stored in NHML.

Diagnosis: The basal tine is very long, as long as the first crown tine. The crown tines
never bifurcate and are bent in their distal parts toward the posterior.

Lectotype: shed complete left antler M34409 (NHML).

Locus typicus: Peyrolles, France.

Stratum typicum: Late Villafranchian of Peyrolles.

Description. The antlers of this species are generally thin, with a remarkably elongated
distal portion (Fig. 3.31 E). The shape of the lectotype antler base is circular. The basal tine is
cylindrical and very long, while the beam segment between the basal and the first crown tine is
also cylindrical, and the distal part of the beam is flattened. The distance between the basal and
first crown tines is longer than the distance between the crown tines themselves. The crown tines
are flattened and their distal portions are bent backwards, but they do not show any tendency
towards dichotomic bifurcation. The accessory prong in the area of the first ramification is not
developed. The total length of the antler reaches 75 cm, with the apical part being very long and
comprising one-third of the total antler length.

Distribution. Early Pleistocene of France.

FEucladoceros aff. boulei Teilhard de Chardin and Piveteau, 1930
Comments. This cervid species is represented by an almost complete antler with a
damaged basal part and some other fragments of antlers that originate from the Early Pleistocene
of Kapetanios, Greece (Steensma, 1988). The crown part of the antler shows a striking resemblance
to Eucladoceros boulei from Nihowan, China, with flattened, lobe-like crown tines that have

varying distances between them (Fig. A.33 F). It is unclear whether Eucladoceros from Kapetanios
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is directly related to European forms, or represents a dispersal event from China, and therefore has
a sister relationship with E. dicranios and E. ctenoides. Perhaps Eucladoceros from Kapetanios

should be considered at least a new subspecies of Eucladoceros boulei.

Genus Praemegaceros Portis, 1920

Synonymy:

Praerangifer Portis, 1920

Orthogonoceros Kahlke, 1956

Tamanalces Verestchagin, 1957
Allocaenelaphus Radulesco and Samson, 1967
Psekupsoceros Radulesco and Samson, 1967
Nesoleipoceros Radulesco and Samson, 1967

Nomenclatural acts. Portis (1920) proposed Praemegaceros as a subgenus of the genus
Cervus, with a single species, C. (Praemegaceros) dawkinsi Newton, 1882. Decades later, Kahlke
(1956) introduced the genus Orthogonoceros with the type species Cervus verticornis Dawkins.
Kahlke (1965) later recognized the priority of Portis’ (1920) Praemegaceros. The genus was first
reviewed by Radulescu and Samson (1967), who proposed the genus definition and designated
Cervus dawkinsi Newton as the type species. In the same publication, Radulescu and Samson
(1967) proposed the new genera Allocaenelaphus, Psekupsoceros, and Nesoleipoceros, which are
synonyms of Praemegaceros sensu Kahlke (1965) (Croitor, 2006a). The genus includes several
Early and Middle Pleistocene continental giant forms, with an estimated body mass ranging
between 300 and 500 kg, and two lineages of medium-sized or even dwarfed forms that survived
in insular and/or refugial isolation on the Corso-Sardinian Massif and the island of Great Britain.
Radulescu and Samson (1967) and Azzaroli and Mazza (1993) regarded the genus Eucladoceros
as a forerunner of Praemegaceros, seeking support for this hypothesis in the analogous general
construction of antlers. Praemegaceros is distinguished from Eucladoceros by its larger body size
and complicated shape of antlers that never show the metameric bauplan. The advanced Middle
and Late Pleistocene species of Praemegaceros are characterized by significant anteroposterior
compression of pedicles and their stronger divergence. The basal tines are reduced, sometimes
represented by vestigial rudiments or completely vanished, while their distal parts are expanded
into variously shaped palmations (Azzaroli, 1979; Croitor, 2006a). The mosaic combination of
morphological details of antlers and teeth suggests that Praemegaceros is a paraphyletic group
that includes three more or less closely related lineages.

Diagnosis: Deer of medium to very large size. The skull is characterized by flat or
transversally convex frontal bones before pedicels, which are bordered by a bonny ridge, ranging

from the coronal suture to the supra-orbital openings. The antlers are robust and very divergent in
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their proximal portion; the distal part of antlers is oriented parasagittally as a rule. The subbasal
tine, if not reduced, is always unbranched with a circular cross-section. The posterior tine of the
antler is developed. The braincase is short and broad behind pedicles; the basioccipital is broad
and bell-shaped; the nasal bones do not extend behind the line connecting the anterior edges of
orbits; the upper and lower premolar series are relatively long; the cingulum in upper molars is not
developed; the mandibular pachyostosis is not developed and lower jaw maintains the normal
proportions. The molarisation of lower P4 may be variable. The antlers are strongly divergent; the
antler crown is not metameric.

Distribution: Pleistocene; Europe, Near East, Transcaucasia, Central Asia.

Subgenus Praemegaceros Portis, 1920

Diagnosis. The antler beam is set obliquely to the antler burr. The subbasal tine resting on
the antler burr is present as a rule; it may be well-developed or vestigial. The laterally inserted
basal tine is never developed. The dorsal tine is in the medial position to the subbasal tine (the
dorsal position if the antler beam is in the natural orientation on the skull). It may be very large or
vestigial. A well-expressed rib extends from the subbasal tine to the dorsal one. The antler beam
is straight in the area of the dorsal tine. The subbasal tine and the middle tine are oriented in the
same plane on the anterior side of the antler beam. The upright curvature of the antler beam in the
area of the posterior tine is present only in the archaic species. The lower fourth premolar is
molarised as a rule. Molars are devoid of the lingual cingulum and the protoconal fold.

Type species: Cervus dawkinsi Dawkinsi, 1882.

Praemegaceros (Praemegaceros) obscurus (Azzaroli, 1953)
Synonymy:

1953 Cervus obscurus sp. nov.: Azzaroli, p. 74-75, fig. 42-45.

1967 Allocaenelaphus arambourgi sp. nov. et gen. nov.: Radulesco and Samson, p. 324, fig. 1.
1977 Eucladoceros cf- tetraceros (Dawkins): Aleksejeva, tab. 20.

1979 Megaceros (Megaceroides) verticornis (Dawkins): Azzaroli, p. 7.

1992 Megaceroides boldrinii sp. nov.: Azzaroli and Mazza, p. 29, fig. 4.

1995 Megaceroides obscurus (Azzaroli): Abbazzi, p. 224.

1995 Megaceroides arambourgi (Radulesco and Samson): Abbazzi, p. 229.

2001 Praemegaceros obscurus (Azzaroli): Croitor and Bonifay, p. 132.

Nomenclatural acts. Azzaroli (1953) described "Cervus" obscurus as a species with an
uncertain taxonomic position, based on a series of syntypes: a fragment of antler (M2321)
(NHML) (Azzaroli 1953: 74, fig. 42), an antler tine (M6421) (NHML) (ibidem, fig. 43), and a
basal fragment of antler with pedicle and frontal bone (M18482) (NHML) (ibidem, p. 75, fig. 44a-

b). However, the original species description did not provide an explicit diagnosis.
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This deer has been known by several species names. Radulescu and Samson (1967)
described a new genus and species, Allocaenelaphus arambourgi, from the early Pleistocene of
Rotbav-Silvestru (Romania). The holotype of 4. arambourgi, RS-1 (IS), is a left antler with the
frontal part of the skull. The antler is large and heavy, with a strong subbasal tine resting on the
burr, a straight beam compressed from the sides, a medially inserted dorsal tine that curves toward
the anterior, and a middle tine situated on the anterior side of the beam. The pedicles are strong,
robust, and cylindrical, with a bony ridge bordering the pedicle base from the medial side.
Radulescu and Samson (1967) created this new genus and species to emphasize its transitional
position between Eucladoceros and Praemegaceros. They believed that the deer from Rotbav-
Silvestru had eucladocerine characters such as a straight, compressed beam from the lateral sides,
a strong subbasal tine, and the position of the second and third tines, as well as praemegacerine
characters like the large angle of divergence between antlers (< 90°) and the dorsal tine that curves
toward the anterior. Interestingly, the morphology of 4. arambourgi described by Radulescu and
Samson (1967) matches that of P. obscurus precisely. Therefore, A. arambourgi is a junior
synonym of P. obscurus.

A unique partial skeleton of a young male, with an almost complete but badly deformed
antlered skull, was discovered in the latest Villafranchian of Pietrafitta. Azzaroli and Mazza (1992)
described the specimen as a new species, Megaceroides boldrinii, which they believed represents
a transitional form between Eucladoceros and P. verticornis. Azzaroli and Mazza (1995) echoed
the ideas of Radulescu and Samson (1967) in arguing for the establishment of both A. arambourgi
and M. obscurus, as the definition of these species is similar. Abbazzi (1995) restored the validity
of "Cervus" obscurus Azzaroli, 1953 as a species name and designated specimen M2321 as a
lectotype (Abbazi 1995: p. 224, fig. 2), leading to the inclusion of Megaceroides boldrinii in the
synonymy of "C." obscurus. However, the lectotype choice raises another taxonomic issue, as the
type locality must be indicated according to the lectotype. Unfortunately, the collection label of
lectotype M2321 only gives vague information about the locality, indicating "Forest Bed,
Norfolk". The labels of the syntypes M6421 and M18482 (paralectotypes) indicate the sites
Overstrand and Mundesley, respectively.

Diagnosis: The body size is very large. The antler base is set obliquely to the burr plane.
The subbasal tine is long, strong, cylindrical, and situated very close to the burr. The dorsal tine is
situated on the upper (medial) side of the beam, very long and compressed in the dorsoventral
direction in its distal part. The middle tine appears in fully mature individuals and is set on the
anterior side of the beam. The posterior tine is developed in adult individuals. The antler beam is

sharply bent in the area of the posterior tine. The distal portion of the antler is not palmed. Pedicles

167



are cylindrical, with normal orientation. The preorbital fossae are large and deep. The ethmoidal
openings are large. The anterior part of the maxillary bones is moderately extended. The lingual
wall of P? is cleft. The lower fourth premolar (P4) is molarised.

Lectotype. The NHML specimen M2321 belongs to a mature male and consists of a
proximal fragment of the left antler attached to a pedicle with a considerable portion of the frontal
bone. The antler beam is oriented obliquely to the burr and the preserved portion of the beam is
straight, compressed from the lateral sides, with a slightly undulated ventral surface. The subbasal
tine is located very close to the burr and directed towards the anterior, forming a very obtuse angle
(approximately 110°) with the antler beam. The dorsal tine springs off on the dorsal surface of the
beam at a certain distance from the subbasal tine. It has a circular basal cross-section and is curved
towards the anterior. There is a small accessory tip on the dorsal side of the beam between the
basal and the second tines. The pedicle is short and massive, with a circular transverse section, and
the frontal bone is somewhat depressed between the pedicle and the frontal suture. A bony rib
borders the medial side of the pedicle base. The antler surface has longitudinal shallow furrows
and ribs. The circumference of the pedicle is 190 mm, the anteroposterior diameter of the pedicle
is 58.1 mm, the anteroposterior diameter of the burr is 88.2 mm, and the height of dorsal tine
insertion is 147.8 mm.

Locus typicus: Forest Bed, Norfolk, England.

Stratum typicum: Forest Bed Formation, Early or Middle Pleistocene.

Paralectotypes. The specimen M6421 is a dorsal tine that is gently bent with a distal
portion that is compressed dorso-ventrally and ends in a flat rounded termination. The tine has a
length of 340 mm and a circumference at the base of 130 mm. The dorsoventral diameter of the
tine base is 35.4 mm, while its mediolateral diameter is 41.7 mm. The breadth of the tine
termination is 36.7 mm. The specimen M 18482 is slightly larger than the lectotype, with a pedicle
circumference of 210 mm and a maximal diameter of 68.2 mm. The height of dorsal tine insertion
measures 117.5 mm.

Description. The antlers of P. obscurus are easily recognizable due to the strong subbasal
tine situated just above the burr, the well-developed dorsal tine curved toward the anterior, and the
straight proximal portion of the beam set obliquely on the burr. The beam between the basal and
dorsal tines has a lateral longitudinal groove-like depression and a rib that ranges from the subbasal
tine to the dorsal tine. The beam becomes compressed from the sides above the dorsal tine. The
dorsal tine may be extremely long (more than 800 mm) and intricately curved, as seen in the
specimen from Cava Liberatori (Abbazzi, 1995: pl. 1, fig. 1-2). Although complete mature antlers

are not known, antlers from Pietrafitta show a sharp curvature in the area of the primordial
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posterior tine. The ascending part of the antler is somewhat compressed from the sides and is
terminated by a small fork. The middle tine is missing, which may indicate an early ontogenetic
stage. Unfortunately, complete mature antlers from Pietrafitta and Forest Bed samples showing
the presence of the middle tine are not available. However, the middle tine is found in adult
individuals from Rotbav Silvestru, Romania (Fig. A.34 C). Therefore, interpreting some characters
is currently difficult.

The skull length of the specimen from Pietrafitta (IGF 4024, cast; MGPF; Fig. A.34 B)
measures 470 mm. The frontal bones before the pedicles are slightly concave, and the interfrontal
suture has a gently convex profile. The cylindrical pedicles are in a normal position and only
slightly compressed from the lateral and medial sides. Each pedicle base is bordered by a weak
bony rib from its internal side. The parietal bones are flat. The length of the face is similar to that
of deer in the same size group, such as Cervus, Megaloceros, or Eucladoceros. The distance
between P? and prosthion is more or less equal to the upper tooth row's length. The preorbital
fossae are well-developed and deep, and the ethmoidal openings are large. The nasal bones are
comparatively long and broad, but they do not extend behind the line connecting the anterior edges
of the orbits. The premaxillary bones of the face fragment of the skull from Cava Liberatori
(Abbazzi, 1995) have a rather broad anterior part, and the naso-premaxillary suture is long and
accounts for 12.5% of the premaxillary bone's total length. The braincase from Salcia (Moldova)
is characterized by the bell-shaped basioccipital broadened area of pharyngeal tuberosities.

The lower jaw is relatively tall, with a pronounced angular process and an elevated
diastemal region, suggesting that the incisors are positioned above the level of the cheek teeth's
grinding surface. However, mandibular pachyostosis is not developed. The mandible fragment RS-
7 (ISR) from Rotbav-Silvesrtu shows a short diastema (Radulesco and Samson, 1967), which
corresponds to the skull's relatively short distance between P? and prosthion.

The P? protocone and hypocone are fully separated, creating a cleft on the tooth's lingual
side. The P3 protocone and hypocone are partially separated, resulting in a vertical groove dividing
the tooth's lingual wall. The P? and P? hypocones are supplemented with an internal enamel fold
(Azzaroli and Mazza, 1992: fig. 5). The upper molars have a hypoconal enamel fold and a small
flat entostyle. Compared to other archaic deer, the lower premolar series is relatively short (the
premolar/molar ratio amounts to 60%). The P4 is molarized, with its metaconid extending
anteroposteriorly and its anterior wing joining with the paraconid. In some cases, the entoconid of
P4 also participates in the molarization process and joins with the entostylid.

Distribution. Remains of P. obscurus are frequently found in the late Villafranchian

deposits of Italy, Romania, Moldova, and the Forest-bed Formation of England. In addition, some
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sparse remains of P. obscurus have been discovered in the late Villafranchian site of Ceyssaguet,
France (Croitor and Bonifay, 2001), as well as the Tamanian fauna of Semibalki-1, Azov Region
(antler fragment AKM-KP27666), and the Early Pleistocene fauna of Dmanisi, Georgia (Vekua et
al., 2010). It is worth noting that some fossils previously assigned to other species should also be
attributed to P. obscurus. These include the basal fragment of an antler from Tzimbal, Tamanian
peninsula, which was reported by Vereschagin (1957) as Megaceros sp., antler fragments from the
early Pleistocene of Moldova reported by Alekseeva (1977) as Eucladoceros cf. tetraceros, and
remains from the early Pleistocene site Ubeidiya, Israel, reported by Geraads (1986) as P.
verticornis. Notably, P. obscurus is the only species of the genus that has been recorded in the
Near East.
Praemegaceros (Praemegaceros) dawkinsi (Newton, 1882)
Synonymy:

1872 Cervus verticornis sp. nov. (partim): Dawkins, p. 406, fig. 1.
1882 Cervus dawkinsi sp. nov.: Newton, p. 145.

1920 Cervus (Praemegaceros) Dawkinsi (Newton): Portis, p. 132.
1956 Orthogonoceros verticornis (Dawkins): Kahlke, p. 38.

1961 Megaceros dawkinsi (Newton): Azzaroli, p. 6.

1965 Praemegaceros dawkinsi (Newton): Kahlke, p. 381.

1979 Megaceros (Megaceroides) dawkinsi (Newton): Azzaroli, p. 7-8.
1994 Megaceroides dawkinsi (Newton): Azzaroli, p. 129, figs. 5-6.
1996 Megaloceros dawkinsi (Newton): Lister, p. 27.

Nomenclatural acts. In 1872, Dawkins initially identified the antler of a relatively small
deer as a juvenile form of Cervus verticornis. He provided a brief description of the antler, along
with measurements and a figure. Later on, Newton (1882) described this "juvenile" antler as a new
species, Cervus dawkinsi, and designated the specimen illustrated by Dawkins (1872: fig. 1) as a
holotype. Portis (1920) included C. dawkinsi in the subgenus Cervus (Praemegaceros). Kahlke
(1956) subsequently designated C. dawkinsi as the type species of the genus Praemegaceros.

Diagnosis: A deer of medium size. The subbasal tine normally is reduced; in some cases,
it may be quite well-expressed (for instance in the type specimen) or present as a vestigial knob.
The dorsal tine is reduced; however, it may be present as a vestigial knob as well. The middle and
the posterior tines are developed. The antler beam is set obliquely to the burr plane. The beam is
straight, without curves in the areas of the dorsal and posterior tines. The antler portion above the
posterior tine is shortened. The distal part of the antler is palmed. The pedicles are compressed
dorso-ventrally. The cheek teeth are high-crowned.

Holotype: The holotype of this specimen is a shed left antler that belonged to a mature
deer of smaller size. The antler exhibits a rather strong cylindrical subbasal tine that is resting on

the burr. An evident rib extends from the subbasal tine on the frontal side of the beam, while the
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dorsal tine is not developed. The middle tine, which is inserted on the anterior side of the beam, is
damaged. The next tine represents the first crown branching. The antler beam is set obliquely on
the burr, and it is straight with a rounded base. The beam becomes compressed dorso-ventrally in
the area of the middle tine. The antler extends into a small palmation, beginning from the first
crown tine. The palmation is somewhat concave from the lateral side and convex from the medial
side. The main part of the palmation, including the distal tines and the posterior tine, is destroyed.

Locus typicus: Forest-bed, Norfolk, England.

Stratum typicum: Cromer Forest-bed Formation, the middle Pleistocene.

Description. The most complete specimen attributed to this species is the shed left antler
M18706, NHML (Fig. A.34 D). The antler beam is set obliquely to the burr and directed sideways
at an angle of about 45-50°. A rudimentary cone-shaped subbasal tine is located close to the burr,
while the dorsal tine is missing. The middle tine is well-developed and compressed dorsoventrally,
with its distal portion somewhat bent upward and inward. Its length is 180.0 mm. The posterior
tine is also developed, and the distance between the antler burr and the posterior branch is 280.0
mm. The beam becomes increasingly compressed in the dorsoventral direction towards the distal
end and terminates in a palmation, with only one crown tine preserved. The preserved crown tine
is rather straight and compressed from the sides, with a length of 220.0 mm. The distal portion of
the antler palmation is destroyed, and the transversal section of the palmation is irregular, with the
anterior part being thicker (35.7 mm) than the posterior part (15.0 mm). A groove-like depression
bordered by a rib extends from the basal rudimentary tine to the middle tine. The beam is straight
and does not form an angle in the area of the posterior tine.

In contrast, the antler M18168 (NHML) lacks the vestigial subbasal tine, but a reduced
small dorsal tine is present in the medial position on the beam. The distance between the second
tine and burr is 53.5 mm. The vestigial tine is asymmetrical, with its top pointing towards the
anterior. The pedicle is short, robust, compressed dorso-ventrally and proportionally is excessively
robust if compared to the antler base. The circumference of the antler base amounts to 17.5 cm,
while the pedicle circumference amounts to 20 cm.

The shed left antler M6358 (NHML) maintains both the knob-like vestigial subbasal tine
on the anterior side close to the burr and the vestige of the dorsal tine on the upper side of the
beam. The individual variation of antler morphology concerns the degree of reduction of basal
tines. The subbasal tine is developed in the type specimen. However, it normally is missing or
represented as a knob-like vestige. The sample of eight available specimens shows the subbasal

tine maintained as a small button in three specimens of P. dawkinsi only. Five specimens lack the
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subbasal tine rudiment. The rudiment of dorsal tine is present in three specimens only. Four antlers
(50% of the sample stored in NHML) lack any vestiges of proximal tines.

According to Azzaroli (1953), dentition is characterised by smaller dimensions than that
of P. verticornis. The cheek teeth are mesodont, with comparatively thick enamel. The strong basal
columns are developed in lower molars. P4 is primitive. The lower premolar series is relatively
long; the premolar/molar series length ratio amounts to 65.5%. Azzaroli (1953) reports a
pachyostosis of the lower mandible in P. dawkinsi, however, the mandibles seem to have the
normal shape (the mandible thickness below M2/M3 is 26.5 — 24.4 mm). The body mass estimation
based on mandibles ascribed by Azzaroli (1953) to this species amount ca. 220 kg. The sideward
orientation of palmated antlers and the shape of pedicles suggest that the evolution of P. dawkinsi
passed through the stage of a giant form with large heavy antlers.

Distribution. The remains of P. dawkinsi are known only from the Middle Pleistocene of
England.

Praemegaceros (Praemegaceros) mosbachensis (Soergel, 1927)

Synonymy:

1927 Cervus (Megaceros) mosbachensis sp. nov.: Soergel, p. 375.
1953 Megaceros mosbachensis (Soergel, 1927): Azzaroli, p. 51.
1956 Praemegaceros verticornis (Dawkins, 1872): Kahlke, p. 30.

1967 Praemegaceros mosbachensis (Soergel, 1927): Radulesco and Samson, p. 321.

1990 Praemegaceros (Praemegaceros) mosbachensis (Soergel, 1927): Vislobokova, p. 160.
Nomenclatural acts. Reynolds (1929) and Radulesco and Samson (1967) suggested that

the antlers of Cervus (Megaceros) mosbachensis Soergel, 1927 share a morphological affinity with
P. dawkinsi. The deer from Mosbach shows similarity to P. obscurus, but some details in antler
morphology indicate a somewhat more advanced form. Azzaroli (1953) included P. mosbachensis
in his informal “verticornis” group. Vislobokova (1990) considered Megaceros mosbachensis as
a senior synonym of Allocaenelaphus arambourgi Radulesco and Samson, 1967. Later,
Vislobokova (2013) adopted Kahlke’s (1956) viewpoint and included P. mosbachensis in the
synonymy of P. verticornis, admitting an extensive individual variation in antler morphology for
this deer. I previously proposed considering Megaceros mosbachensis as a nomen oblitum
(Croitor, 2005), but now I believe that this species name should be maintained since it represents
a transitional evolutionary stage between P. obscurus and P. dawkinsi.
Diagnosis: The species can be distinguished by its large size, highly divergent antlers,

and prominent subbasal tine. The antlers exhibit a broad flattening that extends from the middle

tine towards the distal end of the antler.
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Holotype: the antlered braincase figured in Soergel (1927: tab 17, figs. 5-8).

Locus typicus: Mosbach, Germany.

Stratum typicum: lower level of Mosbach sands.

Description. The deer from Mosbach is closely related to P. obscurus but exhibits more
advanced antler morphology, primarily due to the strongly expressed antler flattening above the
middle tine. The dorsal tine in the type specimen is present on the right antler only and may be
disappearing. P. mosbachensis cannot be considered a synonym of P. verticornis, as certain antler
morphology details suggest that these two cervid forms belong to different phyletic lineages. P.
mosbachensis retains the well-developed subbasal tine, whereas the lineage of P. verticornis lost
this feature during the evolutionary transition from P. pliotarandoides to P. verticornis. The antler
beam in P. mosbachensis becomes flattened in the area of the middle tine, whereas P. verticornis
always exhibits a cylinder-shaped beam, even in forms that have evolved distal palmations. Thus,
the antlered skull from Pakefield displays this characteristic (Harmer, 1899). Soergel (1927) also
described another antler specimen from the same level of the Mosbach sands, which is
characterized by a vestigial state of both subbasal and dorsal tines, and thus reminiscent of the
typical morphology of P. dawkinsi, according to Radulesco and Samson (1967).

Distribution: the Middle Pleistocene of Western Europe.

Subgenus Nesoleipoceros Radulesco and Samson, 1967

Nomenclatural acts: Radulesco and Samson (1967) established the genus Nesoleipoceros
for the "dwarfed insular megacerines" found in Corsica, Sardinia, Sicily, and Crete: N. cazioti, N.
algarensis, N. messinae, and N. cretensis, respectively. They also suggested that Allocaenelaphus
arambourgi Radulesco and Samson (= Praemegaceros obscurus), a primitive megacerine deer
from Eastern Europe, might be a possible ancestor of all Mediterranean dwarfed species. However,
Caloi and Malatesta (1974) disputed this claim, stating that the antler morphology of the Sardinian
deer does not match that of Allocaenelaphus and a direct phyletic relationship seems unlikely.
They further restricted the genus Nesoleipoceros to the type species N. cazioti, and Azzaroli (1979)
concurred that the genus is polyphyletic. Croitor et al. (2006) reclassified Nesoleipoceros as a
subgenus of Praemegaceros and included the continental giant P. (N.) solilhacus in this subgenus
because of its similar antler shape to the type species P. (N.) cazioti.

Diagnosis: Deer of medium or very large size. The proximal portion of the antler beam is
cylindrical; the distal portion of the antler is compressed mediolaterally and normally is extended
into a palmation. The antler beam does not form a sharp curvature in the area of the posterior tine.

The basal tine occasionally may be present, quite small, straight, and inserted on the lateral side of

173



the beam. Often this tine is represented by a knob-like vestige. The dorsal tine is missing. The
middle tine is well developed, compressed dorso-ventrally and may form a small palmation. The
posterior tine is normally present in the fully-grown antlers. The crown tines are inserted on the
anterior and posterior sides of the beam; the posterior tines normally form a palmation of variable
size and shape. The lower fourth premolar normally is not molarised or is occasionally fully
molarised.

Differential diagnosis: Unlike the subgenera Orthogonoceros and Praemegaceros, the
antlers of Nesoleipoceros do have not a dorsal tine situated on the upper side of the beam; the
beam does not form a sharp curvature in the area of the posterior tine. P4 generally is more
primitive if compared to the deer of the subgenera Orthogonoceros and Praemegaceros.

Comment: the basal tine of Nesoleipoceros antler are not homologous with those of the
subgenera Praemegaceros and Orthogonoceros. Possibly, the lineage of Nesoleipoceros
represents a genuine genus, which is quite distant from Praemegaceros.

Type species: Cervus (Eucladoceros) cazioti Depéret, 1897.

Other species: P. solilhacus (Robert, 1830), P. sardus (van der Made and Palombo, 2005).

Praemegaceros (Nesoleipoceros) cazioti (Depéret, 1897)
Synonymy:

1897 Cervus (Eucladoceros) cazioti sp. nov.: Depéret, p. 115, pl. 2, figs 1, 2-2a.

1955 Megaceros (Anoglochis) cretensis (Simonelli): Comaschi Caria, 17, pl. 4-5.

1956 Cervus algarensis sp. nov.: Comaschi Caria, p. 1, tab. 1.

1957 Orthogonoceros verticornis (Dawkins): Comaschi Caria: p. 5.

1960 Cervus Cazioti (Depéret, 1897): Sigogneau: p. 62.

1961 Megaceros cazioti (Depéret, 1897): Azzaroli p. 13, tab. 7, fig. 9-9a, tab. 9, fig. 5.
1961 Megaceros algarensis (Comaschi Caria, 1956): Azzaroli, p. 14, pl. 8, fig. 3.

1967 Nesoleipoceros cazioti (Depéret, 1897): Radulesco and Samson, p. 334.

1967 Nesoleipoceros algarensis (Comaschi Caria, 1956): Radulesco and Samson, p. 334.
1974 Megaceros (Nesoleipoceros) cazioti (Depéret, 1897), Caloi and Malatesta, p. 165.
1981 Megaceroides (Nesoleipoceros) cazioti (Depéret, 1897): Caloi et al., p. 34.

1981 Praemegaceros (Nesoleipoceros) cazioti (Depéret, 1897): Vislobokova, p. 160.

Nomenclatural acts. The original description of the species is based on a shed left antler
(Depéret, 1897: tab. 2, fig. 1) and a complete lower tooth row (ibidem, p. 116, tab. 2, fig. 2-2a)
found at the Nonza site in North Corsica. However, the species description does not provide a
formal diagnosis and a type designation. P. cazioti was considered an archaic representative of the
subgenus Eucladoceros due to the primitive morphology of its premolars and the flattened antlers
(Depéret, 1897). According to Azzaroli (1961), the dentition and antler morphology of the
Corsican deer is similar to that of the mainland giant deer and particularly to another stunted

megacerine form Megaceros dawkinsi (= Praemegaceros dawkinsi) from the Middle Pleistocene
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of England. Azzaroli included the Corsican deer in the arbitrary "verticornis group" of the genus
Megaceros Owen and pointed out its possible relationship to the mainland large-sized deer M.
verticornis (= Praemegaceros verticornis). Later, Radulescu and Samson (1967) designated
Cervus cazioti as the type species of the new genus Nesoleipoceros, which also included the
Mediterranean island species. Caloi and Malatesta (1974) included the species name Cervus
algarensis Comaschi Caria in the synonymy of P. (N.) cazioti. However, Azzaroli (1979) did not
accept the placement of all late Pleistocene megacerines from Corsica and Sardinia into a single
species.

Palombo (1986) proposed that P. (Nesoleipoceros) cazioti (= Megaceros [s. 1.] cazioti:
Palombo, 1986, p. 206) may be divided into several subspecies, including M. (s. l.) cazioti
algarensis from Dragonara and other locations in Sardinia, M. (s. 1.) cazioti ssp. from Porto Vesme
(Sardinia), a smaller subspecies from Corsica, and an unidentified species Megaceros (s. l.) sp.
from Capo Figari. Petronio (1990) proposed three subspecies within P. (Nesoleipoceros) cazioti:
the comparatively large P. cazioti algarensis from Sardinia, another smaller subspecies P. cazioti
ssp. from Sardinia, and the nominal subspecies P. cazioti cazioti from Corsica. However, no
definite conclusion was made regarding the subspecific division of P. (Nesoleipoceros) cazioti.

Diagnosis: A medium-sized species slightly larger than fallow deer. The antler beam is
compressed dorso-ventrally in its proximal part, and compressed mediolaterally in the distal part.
The subbasal and dorsal tines are absent. The basal tine is straight and sharp, situated on the lateral
side of the beam and pointed anteriorly. The middle tine is compressed dorso-ventrally, and the
position of the posterior tine may be variable relative to the middle tine. The middle portion of the
antler has large, flat posterior crown tines that may form a small palmation. The distal part of the
antler may have small ramifications situated on the anterior and posterior sides of the beam. The
burr is set obliquely to the beam. The pedicles are slightly compressed dorso-ventrally. The cranial
morphology is not paedomorphic and maintains normal proportions for a medium-sized deer. The
nasal bones do not extend beyond the line connecting the anterior edges of the orbits. The
ethmoidal openings are normally developed but may be reduced in some cases. The preorbital
fossae are reduced. The premaxillary bones are broad and square-shaped. The diastema of the
lower mandible is shorter than the length of the lower molar series. The fourth lower premolar is
not molarized.

Syntypes. The antler beam figured in Depéret's (1897) paper has a rounded base and is set
very obliquely on the burr, becoming flat just above it. The basal tine is inserted 80 mm above the
burr, strongly compressed dorso-ventrally, and set at right angles on the anterior side of the beam.

The tip of the tine is broken off. The middle tine is located 80 mm further from the basal tine, also
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compressed dorso-ventrally, and set on the anterior side of the beam at right angles. The beam
becomes quite flat above the middle tine. The antler described by Depéret was not identified
among the original material stored in PMUL.

The left hemimandible fragment FSL17970 (PMUL), with a complete tooth row, is
believed to belong to the same individual as the antler described by Depéret (1897). It is
characterized by rather high-crowned cheek teeth, and M3 is shortened due to its reduced third
lobe. P4 is simple. The length of the lower dentition is 108.5 mm, and the premolar series is
relatively long (premolar/molar series length ratio is 60.5%).

Locus typicus: Nonza, Corsica.

Stratum typicum: the Late Pleistocene of Nonza.

Description. This species is slightly larger than the modern fallow deer. The burr is set
obliquely to the beam. The antler beam is compressed dorsoventrally in the proximal part and
compressed lateromedially in the distal part. The subbasal and dorsal tines are missing, while the
basal tine is straight, sharp, and positioned on the lateral side of the beam, pointing towards the
anterior. The middle tine is compressed dorsoventrally. A small palmation of variable size is
developed on the posterior side of the third quarter of the beam, with several prongs and digitations
occurring on the palmation's edge. The most distal part of the antler is also flat but is not palmated.
The terminal part of the antler has several small crown tines on its anterior and posterior sides,

The cranial morphology of this species maintains the normal proportions for a deer of its
body size, and is not "paedomorphic" (Croitor et al., 2006). The frontal bones are flat with a
depressed sagittal profile between the orbits, and the supraorbital openings are very large. The
pedicles are short, slightly compressed anteroposteriorly, moderately divergent, and sloped
caudally. The face length is approximately half the total skull length in mainland deer of similar
size, such as Dama dama and Axis axis, and is only slightly shorter than the face length in P.
obscurus and E. senezensis. The anterior edge of the orbit is situated above M3, which may be
correlated with the relatively large tooth row length. The basioccipital has a bell-shaped structure
with a broadened area of pharyngeal tuberosities. The nasal bones do not extend behind the line
connecting the anterior edges of the orbits. The ethmoidal openings are normally developed,
although they may be reduced in some cases. The premaxillary bones are broad and square-shaped.
The mandibular pachyostosis is not developed (Croitor et al., 2006). The general shape of the skull
is similar to that of Eucladoceros, but the face morphology and masticatory apparatus exhibit some
peculiar characteristics resulting from extreme adaptation to grazing, which is particularly
advanced in P. cazioti from the late Wiirm site of Dragonara, Sardinia (Caloi and Malatesta, 1974).

Unlike Eucladoceros, the upper molars of this species never possess a protoconal fold. The lingual
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wall of P? is not cleft or segmented by a vertical groove, meaning the protocone and hypocone are
not separated. The lingual wall of P® is not grooved. The hypocone in both P? and P? is
supplemented with an internal enamel fold. The upper molars have a small entostyle and a
hypoconal enamel fold, which may be absent. P4 is never molarised. The metapodials of this
species are very thin. At least two chronosubspecies have been identified.

Subspecies:

Praemegaceros (Nesoleipoceros) cazioti algarensis Comaschi Caria, 1956
Synonymy:

1956 Cervus algarensis sp. nov.: Comaschi Caria, p. 1, tab. 1.
1961 Megaceros algarensis (Comaschi Caria, 1956): Azzaroli, p. 14, pl. 8, fig. 3.
1967 Nesoleipoceros algarensis (Comaschi Caria, 1956): Radulesco and Samson, p. 334.

Diagnosis. The body size of this subspecies is comparatively larger than that of the
nominotypical subspecies. The cheek teeth are large and mesodont. The upper cheek tooth row is
relatively long, accounting for approximately one-third of the skull's condylobasal length. The
lower premolar series is also comparatively long, with a ratio between premolar and molar series
higher than 60%. The diastema is shorter than half of the lower dentition length, and the area of
musculus masseter insertion is larger, extending toward the anterior up to the M3 level on the lower
mandible and up to the P* level on the skull. The metapodials are also relatively longer.

Holotype: a left complete antler (Comaschi Caria, 1956: p. 1, tab. 1; Azzaroli, 1961: tab.
VIII, fig. 3).

Locus typicus: Alghero (Sardinia).

Stratum typicum: Late Pleistocene, late Wiirmian epoch.

Description. This subspecies is a specialized grazing form characterized by its larger body
size. The upper cheek teeth are large, with the upper tooth row accounting for one-third of the
condylobasal skull length, and mesodontous in shape. The premolar series is relatively long, with
the premolar/molar length ratio ranging between 62.7% and 64.5%. The diastema of the lower
mandible is shorter than half the length of the lower tooth row. The area of musculus masseter
insertion on the lower mandible is larger and extends anteriorly to the Ms level. The preorbital
fossae are reduced compared to other subspecies (Croitor et al., 2006).

Distribution: the Late Pleistocene of Sardinia.

Praemegaceros (Nesoleipoceros) cazioti cazioti (Depéret, 1897)

Diagnosis: This subspecies has a body size that is similar to modern fallow deer. The upper

cheek tooth-row is relatively short, measuring below 30% of the condylobasal skull length. The

series of lower premolars is also relatively short, with a ratio between lower premolar and molar
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series often below 60%. The diastema of the lower mandible is longer than 1/2 of the lower tooth
row length, and the masseter area on the lower mandible does not reach the level of Ms. The
preorbital fossae are normally developed, and the ethmoidal openings have varied sizes, with some
cases of reduction. The area of musculus masseter insertion is smaller and does not extend towards
the anterior beyond the P* level on the skull.

Syntypes: the series includes a basal fragment of the left antler (Depéret, 1897: tab. 2, fig.
1), which was not identified among the original materials stored in the Paleontological Museum at
the University of Lyon. Additionally, a fragment of the left hemimandible with a complete tooth
row, FSL17970, is also considered a syntype and is housed at the Paleontological Museum at the
University of Lyon (Depéret, 1897: tab. 2, fig. 2-2a; Pereira, 2000: p. 446, fig. 8). According to
Depéret (1897), these remains likely belonged to the same individual.

Locus typicus: the Cave Margine-Sud, South from Nonza, Haute-Corse, Corsica.

Stratum typicum: Upper Pleistocene, early Wiirmian epoch (80.000-100.000 y. BC).

Description. This subspecies is characterized by a smaller body size and a lower degree of
specialization. The teeth are smaller and brachydont. The relative length of the upper tooth row is
below 30% of the condylobasal skull length, and the diastema is longer than 1/2 of the lower tooth
row length. The lower premolar series is relatively short, and the ratio between lower premolar
and molar series is often below 60%. The area of musculus masseter insertion on the lower
mandible is reduced and does not reach the level of Ms. The preorbital fossae are normally
developed (Croitor et al., 2006).

Distribution: Riss-Wiirm sites Maccinaggio and Coscia (Corsica).

Praemegaceros (Nesoleipoceros) sardus (van der Made and Palombo, 2005)
Synonymy:
2005 Megaloceros sardus sp. nov.: van der Made and Palombo, p. 165, pls. 1-4.
Holotype: a right metacarpal (van der Made and Palombo, 2005: pl. 4, fig. 1).

Locus typicus: Santa Lucia 1, Southwestern Sardinia.

Stratum typicum: the Middle Pleistocene deposits (ca. 450 ka) of the Canta Lucia quarry.

Emended diagnosis: This is a medium-sized deer with robust metapodials and phalanxes.
The linear measurements are 25-40% larger than those of the genotype species. P4 is not molarized,
and the upper cheek teeth lack supplementary enamel folds. The relative length of the lower
premolar series is very long, measuring 67.1% of the total tooth row length.

Description. The species is considered a larger and less specialized ancestor of P. (N.)

cazioti. Compared to the disproportionally thin metacarpals of P. (N.) cazioti, the metacarpals of
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P. (N.) sardus are quite robust, indicating a lower degree of specialization of the former species to
insular conditions (van der Made and Palombo, 2005). The length of the lower dentition of the
mandible shown in Plate 2 (van der Made and Palombo, 2005) is 119 mm (measured from the
photo), falling within the size range of P. (N.) cazioti from Dragonara (L = 107.1 — 120.1 mm, n
= 4), but with a very long premolar series (67.1% of molar series length), representing a specific
direction of evolutionary specialization of the insular lineage of Nesoleipoceros (Croitor et al.,
20006). The size of dentition in P. (N.) sardus is still relatively smaller than in P. (N.) cazioti, but
the dentition morphology already shows a high degree of evolutionary modification, with thick
dental enamel, loss of additional dental enamel folds, and relatively high tooth crowns.

Distribution: the Middle Pleistocene of Sardinia.

Praemegaceros (Nesoleipoceros) sp. from Su Fossu

Another insular form of Nesoleipoceros, which is even larger and older (>450 ka), has been
reported from the Su Fossu de Cannas Cave in Sardinia (Melis et al., 2016). Its size and age suggest
that it is an earlier ancestor of the Nesoleipoceros species previously found on the island, such as
P.(N.) sardus and P. (N.) cazioti.

Praemegaceros (Nesoleipoceros) rossii (Pereira, 2001)

Synonymy:
2001 Cervus elaphus rossii ssp. nov.: Pereira, p. 199, pls. 1, 2.

Locus typicus: Castiglione Cave (Corsica)

Stratum typicum: the Middle Pleistocene sediments of Castiglione Cave

Description. This deer is highly similar to either P. sardus or the unnamed deer from Su
Fossu. The morphology of upper and lower teeth, as illustrated by Pereira (2001), is very similar
to that of P. sardus, but slightly larger. Additionally, the limb bones of the deer from Castiglione
are relatively robust (Pereira, 2001). Despite the limited number of remains, there is no doubt that
the Castiglione cervid belongs to the P. sardus — P. cazioti lineage.

Praemegaceros (Nesoleipoceros) solilhacus (Robert, 1830)
Synonymy:

1830 Cervus (Anoglokis) solilhacus sp. nov.: Robert, p. 77, pl. 11, fig. 1.
1886 Cervus (Dama) priscus sp. nov.: Moullade, p. 304, fig. 1.

1957 Tamanalces caucasicus sp. et gen. nov.: Vereschagin, p. 55, fig. 20.
1965 Praemegaceros sp.: Kahlke, p. 389, fig.7.

1967 Praemegaceros solilhacus (Robert): Radulesco and Samson, p.323.
1979 Megaceros (Megaceroides) solilhacus (Robert): Azzaroli, p. 8.
1979 Megaceros solilhacus (Robert): Caloi and Palombo, p. 129-136.
1993 Megaceroides solilhacus (Robert): Azzaroli and Mazza, p. 9.

Nomenclatural acts. In 1830, Robert reported finding two partial skeletons of large deer

in the Polignac area (Haute-Loire), which he identified as new species: Cervus (Anaglokis)
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solilhacus and Dama (Catoglokis) polignacus. Cervus solilhacus had a high insertion of the first
tine and a compressed antler beam in its distal portion above the tine. The individual assigned to
Dama polignacus was rather old, as suggested by the advanced wear of its upper dentition, and
approached the size of an elk. Robert noted that the main distinguishing characteristic between the
two species, besides the shape of palmation and morphological details of postcranial bones, was a
strong basal tine right above the antler burr. Robert did not figure the antlers of the second deer
because they were badly damaged. Additionally, Robert reported remains of a significantly smaller
deer from the same area interpreted as a juvenile form of Dama polignacus. Azzaroli (1979)
revised Robert's material and ascribed all the fossil deer remains from Soleilhac to the species
Megaceros (Megaceroides) solilhacus, choosing a proximal fragment of an antler with a pedicle
as a lectotype. Moullade (1886) established one more species from the vicinity of Soleilhac,
Cervus (Dama) priscus, based on a well-preserved complete palmed antler. Azzaroli (1979)
included this species in the synonymy of P. solilhacus. The collection of fossils from Soleilhac
(Crozatier Museum) represents a set of specimens with different geological ages found on the
extensive area of a riverbank (Bonifay, 1986), and the revision of cervid fossils from Soleilhac
revealed the presence of several species in the sample. The fossils ascribed by Robert to the
juvenile individual of D. polignacus most likely belong to D. clactoniana. The large size and the
presence of a strong basal tine on the antler of the "old individual" of D. polignacus suggest that
it is more likely to belong to P. obscurus.

Diagnosis: This species exhibits a very large body size and heavy antlers. The antler beam
is obliquely set on the burr and extends into a broad palmation with a sharp tip and small digitations
on the posterior side. The anterior crown tines are typically undeveloped. The subbasal tine may
be reduced or occasionally present as a vestigial button. The basal tine is straight and sharp,
inserted on the anterior side of the beam at a long distance from the burr, while the middle tine is
flat and extended into a small palmation with small prongs on the margins. Unlike P. verticornis,
the proximal tine situated on the dorsal side of the beam is absent, and the antler beam is not bent
in the area of the posterior tine. The pedicles are massive, compressed dorsoventrally, and sloped
backward and sideward. This species does not exhibit mandibular pachyostosis, and the lower jaw
maintains normal proportions. The diastema is longer than the lower molar series, and the lower
fourth premolar (P4) is not fully molarized.

Neotype: the left antler of 2003-4-346-SOL (MCP), originally designated as lectotype by
Azzaroli (1979: p. 8, tab. IV, fig. 1-1a), is missing its distal part just above the posterior tine. This
proximal portion is currently housed in the Musée Crozatier, Le Puy under the collection number

2003-4-346-Sol.
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Locus typicus: Soleilhac (Central French Massif).

Stratum typicum: early Middle Pleistocene.

Description. The neotype's pedicle is compressed dorsoventrally, similar to P. verticornis
and P. dawkinsi. Its maximum diameter is 79.0 mm, and the maximum diameter of the burr is
101.0 mm. The antler beam is obliquely set on the burr and directed somewhat sideward. The
antler base is oval and compressed dorsoventrally, lacking basal tines or their vestiges. The beam
becomes notably flat at the middle tine, located 215 mm from the burr, bending slightly toward
the posterior. It curves gently toward the anterior at the posterior tine, and a groove-like
longitudinal depression runs on the anterior side of the beam from the middle tine to the burr. The
complete left antler 2003-4-397-SOL (MCP) of P. solilhacus shares a remarkable resemblance in
shape to P. cazioti, suggesting a close phylogenetic relationship between the two species (Fig.
A.35). The antler has a straight length of 1300 mm, a pedicle diameter of 79.0 mm, and an antler
base diameter of 84.0 mm. The proximal part of the antler bears a long, straight basal tine, which
1s missing in the lectotype. The development of the basal tine seems to be a variable character in
this species, as it is preserved as a vestigial knob in the shed antler from the Tiraspolian gravel
(Croitor et al., 2006).

The distal palmed portion of the antler is gently curved and elevated, but it does not form
a sharp curvature as in P. verticornis and P. pliotarandoides. Just above the posterior tine, the
antler extends into a large palmation with a leaf-like shape and small digitations on its posterior
edge. The anterior part of the palmation has a single sharpened prong, and the middle tine is
terminated with a small palmation with digitations. Unlike P. verticornis and P. obscurus, P. (N.)
solilhacus does not have a dorsal tine. The antler bauplan of P. (N.) solilhacus is very different, as
the distal palmation appears to be derived from posterior crown ramifications (Vislobokova, 2012).
The morphology of the antler palmation, including the specific character of a distal sharp prong,
resembles that of Sinomegaceros. However, in contrast to Sinomegaceros, both P. (N.) solilhacus
and P. (N.) cazioti have a well-developed middle tine. We have limited knowledge about the
cranial morphology of P. (N.) solilhacus. Its frontal bones are flat and only slightly depressed
before the pedicles.

The tooth row length of the mandible 2003-4-439-SOL (sin, MCP) (Azzaroli, 1979: pl. 3,
fig. 3-3a) is 156.3 mm, and the premolar/molar series length ratio is 62%. The mandibular body is
comparatively high, and the diastema is moderately long, slightly longer than the lower molar
series, and attains 65.6% of the lower dentition length. P4 is variable in morphology but is often
not fully molarized. The lower molars are supplemented with ectostylids, and mandibular

pachyostosis is not developed. The upper cheek tooth row 2003-4-421-SOL (sin, MCP) possibly
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corresponds to the upper maxilla figured by Robert (1830: pl. II, fig. 4). The upper molars and
premolars have weak cingulum-like basal structures, and the lingual side of P? is divided by a
vertical groove. This character distinguishes P. (N.) solilhacus from P. (N.) cazioti. The hypocone
of premolars is supplemented with an additional interior enamel fold, and the upper molars are
characterized by an enamel fold in the posterior wing of the hypocone. The M! and M? have an
additional enamel fold on the anterior wing of the hypocone, while the enamel of the posterior
wing of the protocone is undulated.

Distribution. The remains of P. solilhacus were reported from the early Middle
Pleistocene faunas of France, Germany, Italy, South Russia and Moldova (Azzaroli and Mazza,
1993; Croitor et al., 2006). P. solilhacus became extinct by the end of the Mindel glaciation.

Subgenus Orthogonoceros Kahlke, 1956

Type species: Cervus verticornis Dawkins, 1872.

Other species: Praemegaceros pliotarandoides (De Alessandri, 1903).

Diagnosis. Deer of very large body size. The pedicles are compressed in the anteroposterior
direction, divergent, and slope backward. The frontal bones are flat, and the braincase is short and
relatively broad. The antler beam is cylindrical, with the basal part set at a right angle to the burr
plane. The beam bends sideward in the area of the dorsal tine and then abruptly upward in the
posterior tine region. The subbasal tine is either a small vestige or completely absent. The
cylindrical dorsal tine is inserted on the upper side of the beam and curves anteriorly. The posterior
tine is typically present in fully-grown antlers. The crown tines are oriented in the parasagittal
plane. P4 is usually molarized. Antler beam is not obliquely set to the burr, distinguishing
Orthogonoceros from the subgenera Nesoleipoceros and Praemegaceros.

Distribution: the Middle Pleistocene of Europe.

Praemegaceros (Orthogonoceros) pliotarandoides (De Alessandri, 1903)

Synonymy:

1903 Cervus pliotarandoides sp. nov.: De Alessandri: p. 11, fig. 4-5.

1920 Cervus (Praerangifer) pliotarandoides (De Alessandri, 1903): Portis, p. 137.

1948 Cervus cf. pliotarandoides (De Alessandri, 1903): Gromov, p. 53.

1959 Eucladoceros pliotarandoides (De Alessandri, 1903): Verestchagin, p. 60-62, fig. 30.

1967 Psekupsoceros orientalis gen. nov. sp. nov.: Radulesco and Samson, p. 332, fig. 5.

1967 Orthogonoceros verticornis (Dawkins, 1872): Melentis, p. 79, fig. 2 pl. 1-2.

1976 Megaceros verticornis (Dawkins, 1872): Azzaroli, p. 485, pl. 1-2.

1979 Megaceros (Megaceroides) verticornis dendrocerus (Ambrosetti): Azzaroli, p. 7.

1990 Eucladoceros orientalis (Radulesco and Samson, 1967): Vislobokova, p. 158.

1993 Megaceroides orientalis (Radulesco and Samson, 1967): Azzaroli and Mazza, p. 6, fig. 3.

2004 Praemegaceros pliotarandoides (De Alessandri, 1903): Croitor and Kostopoulos, p. 155, fig. 15.
2013 Eucladoceros orientalis pliotarandoides (De Alessandri, 1903): Bajgusheva and Titov, p. 116, figs. 4, 5.
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Nomenclatural acts. De Alessandri (1903: p. 11, fig. 4-5) proposed the new species name
Cervus pliotarandoides for the left shed antler from the "Villafranchian" of Cortiglione Monferrato
and suggested that the new species was closely related to modern Rangifer. The description was
accompanied by a figure and measurements of the antler, but a formal species definition and type
designation were not provided. Portis (1920) included C. pliotarandoides in the subgenus Cervus
(Praerangifer), but this subgeneric name is now considered nomen oblitum. Kahlke (1956) and
Azzaroli (1976, 1979) believed that C. pliotarandoides represented an individual variation of P.
verticornis and included it in the synonymy of the latter species.

Radulescu and Samson (1967) established the new species and genus Psekupsoceros
orientalis from the Psekups-Saratovskaya site, North Caucasus. Although the Romanian authors
mentioned a strong similarity between P. orientalis and C. pliotarandoides, they concluded that
P. orientalis was distinguished by the absence of a subbasal rudimentary tine, the orientation of
the first tine, and the supposed structure of the distal part of the antler. The unsatisfactory state of
the Psekupsoceros orientalis holotype did not allow Radulescu and Samson (1967) to make a
correct conclusion on the systematic position of this deer.

Bajgusheva (1994) mentioned the presence of an additional rudimentary subbasal tine in
the type antler from Psekups-Saratovskaya, which was, however, destroyed and never restored
later. This additional subbasal tine is the same as the small tine found right above the burr in Cervus
pliotarandoides, and as mentioned above, the absence of this tine in the specimen from Psekups-
Saratovskaya was considered by the Romanian authors as one of the distinguishing characteristics.
The dorsal tine in the Psekupsan deer is most likely wrongly restored. However, in the antler of P.
orientalis from Mariupol (Ukraine), which was also mentioned by Radulescu and Samson (1967),
this tine is situated on the medial side of the beam and curved outward, as in the type specimen of
C. pliotarandoides. Based on these observations, Croitor and Kostopoulos (2004) concluded that
Psekupsoceros orientalis Radulescu and Samson is a junior synonym of Praemegaceros
pliotarandoides (De Alessandri).

Diagnosis. The species is of very large body size. The antlers are present with a proximal
portion featuring a frequently present small vestigial subbasal tine (which may be absent), a rather
short cylindrical dorsal tine, and a posterior tine. The middle tine is absent. The antler beam
typically bends sideward in the area of the dorsal tine and turns upright in the area of the posterior
tine. The distal portion of the antler beam above the posterior tine dichotomously branches, and
each branch terminates in a dichotomous bifurcation, therefore the antler terminates in four crown

tines. The pedicles are cylindrical in shape. The upper molars lack a protoconal fold or hypoconal
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spur. The lingual wall of P? is not cleft, and the inner wall of the premolar hypocone is undulated.
P4 is molarized.

Holotype. The left shed antler is characterized by a vertical position of the antler base on
the burr, a weak subbasal tine, a dorsal tine located on the medial side of the beam and curved
towards the anterior, and a short, hook-like posterior tine. The crown bifurcation has been
destroyed. The antler beam is cylindrical, gently curved backwards in the area of the dorsal tine,
and sharply turned upright in the area of the posterior tine (De Alessandri, 1903: p. 11, fig. 4-5).
The original specimen is currently held at the Geological Museum of Turin.

Locus typicus: Cortiglione Monferrato (North Italy).

Stratum typicum: Galerian, late Early Pleistocene.

Description. This species achieved a body mass of approximately 400 kg and developed
relatively simple antlers with advanced reduction of proximal tines, a characteristic that
distinguishes it from P. obscurus. The subbasal tine is typically small and may be reduced until
the stage of a knob-like vestige. The curved, cylinder-shaped dorsal tine is directed towards the
anterior and is relatively short, whereas the posterior tine is strong and hook-like. The middle tine
is typically not developed.

The holotype lacks its distal portion, but fine, complete antlers discovered in Eastern and
Southeastern Europe exhibit a stable shape of the crown portion. Specifically, the beam above the
posterior tine is dichotomously branched, with each branch terminating in a dichotomous
bifurcation. As a result, the total number of main crown tines is four, although supplementary
prongs on the antler crown may occur. Furthermore, the antler crown is oriented in the parasagittal
plane (Melentis, 1967; Radulesco and Samson, 1967; Baygusheva, 1994; Croitor and Kostopoulos,
2004).

Kahlke (1956) and Azzaroli (1976, 1979) proposed that C. pliotarandoides De Alessandri
represents a variant of P. verticornis and thus included it in the synonymy of the latter species.
Nevertheless, P. pliotarandoides differs from P. verticornis in the absence of the medial tine and
the frequent presence of a subbasal rudimentary tine located directly above the burr. Radulesco
and Samson (1967) observed that the vestigial subbasal tine is absent in the majority (76.29%) of
P. verticornis specimens from SiiBenborn. Only a knob-like rudiment is observable in 21.65% of
specimens, while a clearly expressed subbasal tine is recorded in only 2.06% of specimens. This
less evolved variant of the verticornis lineage is found only in older Early Pleistocene faunas,
characterized by the absence of red deer Cervus elaphus.

The Russian authors traditionally classify De Alessandri's deer as FEucladoceros

pliotarandoides, apparently because of the dichotomously branched crown tines that resemble the
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crown tines of E. dicranios (Verestchagin, 1959; Flerov, 1962; Alekseeva, 1977; Vislobokova,
1990; Baygusheva and Titov, 2013). However, P. pliotarandoides does not display the comb-like
bauplan of antlers that is a crucial diagnostic feature of Eucladoceros. The dichotomous
bifurcation of crown tines appeared in the antler evolution of cervids independently several times,
for instance, in Rucervus schomburgki and Blastocerus dichotomus.

Complete skulls have not been discovered for this species. However, based on the available
evidence, the frontal bones are depressed in the front of the pedicles with a slightly concaved or
straight sagittal profile. The angle of divergence between the pedicles is approximately 90°, and
they are robust with circular transversal cross-sections, possibly slightly compressed
anteroposteriorly. The basioccipital is bell-shaped and broadened in the area of pharyngeal
tuberosities, and the foramen ovale is very large.

The upper dental row APL-243 from Apollonia (Croitor and Kostopoulos, 2004: fig. 4, B)
and the upper dentition depicted by Flerov (1962) indicate that the lingual wall of P? is not cleft,
and the interior wall of the premolar hypocone is slightly folded, which distinguishes this species
from Eucladoceros and P. obscurus. Additionally, the upper molars lack the protoconal fold
characteristic of Eucladoceros, and the spur of hypocone found in both Eucladoceros and P.
obscurus. The advanced stage of P4 molarization in the mandibles from Apollonia (APL-491, sin,
Fig. A.36; APL-402, dex) further distinguishes this deer from Eucladoceros. The mandibles of P.
pliotarandoides are characterized by a comparatively long lower premolar series, which makes up
70.7% and 72.8% of the length of the molar series. The mandibles are not pachyostosic.

Distribution. The remains of P. pliotarandoides have been frequently found in early
Pleistocene faunas throughout Europe, but have often been reported under various names. Skull
fragments with more or less complete antlers have been discovered in Psekups-Saratovskaja and
Khaply, Russia (identified as Eucladoceros sp. and E. cf. senezensis by Alekseeva, 1977),
Mariupol, Ukraine (identified as E. cf. pliotarandoides by Alekseeva, 1977), Aliakmon, Greece
(identified as Orthogonoceros verticornis by Melentis, 1967), and Borgonuovo, Italy (identified
as Megaceroides verticornis by Azzaroli, 1976). Additionally, a few remains from Salcia,
Moldova and the Tamanian peninsula, Russia also belong to P. pliotarandoides. This species is a
distinct element of pre-Galerian and Galerian faunas in the regions of South and South-East
Europe. Notably, the occurrence of this species in the Ponto-Caspian area dates back much earlier.
The chronological range of P. pliotarandoides is estimated to be approximately 2.2 Ma (Psekups-
Saratovskaja) to 1.0 Ma (Apollonia) (Tesakov, 1995; Kostopoulos, 1997).

Praemegaceros (Orthogonoceros) verticornis (Dawkins, 1872)

Synonymy:
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1872 Cervus verticornis sp. nov.: Dawkins, p. 406, fig. 2.

1883 Cervus belgrandi sp. nov.: Belgrand, pl. 7, figs. 1-2; pl. 8, fig. 1.

1899 Cervus belgrandi Lartet: Harmer, p. 106, pl. 21, fig. 1-4.

1920 Cervus (Praedama) verticornis (Dawkins, 1872): Portis, p. 132.

1927 Cervus megaceros verticornis (Dawkins, 1872): Soergel, p. 366.

1956 Orthogonoceros verticornis (Dawkins, 1872): Kahlke, p. 11.

1961 Megaceros verticornis (Dawkins, 1872): Azzaroli, p. 6.

1965 Praemegaceros verticornis (Dawkins, 1872): Kahlke, p. 381.

1967 Megaceros (Megaceroides) verticornis (Dawkins, 1872): Ambrosetti, p. 269.
1992 Megaceroides verticornis (Dawkins, 1872): Azzaroli and Mazza, p. 26-27.
1993 Megaloceros verticornis (Dawkins, 1872): Lister, p. 98.

Nomenclatural acts. The original description of Cervus verticornis included the
description of two antlers of different sizes, believed to belong to mature and juvenile individuals
(Dawkins, 1872: 407). Dawkins provided a detailed description of the larger "mature" specimen.
Later, Newton (1882) designated the larger antler as the lectotype of the C. verticornis species.
The original specimen is stored at the Norwich Museum. A cast of the lectotype, presented in 1867
by C. Falconer, is stored at the NHML (collection number M40835). The collection label does not
specify the exact provenance locality, stating only that the specimen is "believed to be from the
beach near Pakefield, Norfolk". Since the specimen selected by Newton (1882) preserves only the
basal part of the antlers, Radulescu and Samson (1967) selected another better-preserved antlered
skull from Pakefield (M11352, NHML) as a paratype of P. verticornis. Harmer (1899) described
the specimen M11352 as Cervus belgrandi Lartet, which was considered a senior synonym of
Cervus verticornis. Azzaroli (1953) and Radulesco and Samson (1967) suggested that "C."
belgrandi from the Paris Basin is closely related to P. dawkinsi and may possibly be synonymous
with it. The species name Cervus belgrandi first appeared in Belgrand's (1883) publication. The
antler figured by Belgrand (1883: pl. 8, fig. 1) exhibits a vestigial dorsal tine, a characteristic
feature shared with P. dawkinsi. Nevertheless, the deer from Paris Basin has a frontal breadth of
170 mm, making it significantly larger and approaching the size of giant deer, indicating that it is
not identical with P. dawkinsi. It is possible that Belgrand's deer is closely related to
Praemegaceros mosbachensis, however, unlike the latter species, the beam of Belgrand's deer is
not flattened in the middle tine area.

Diagnosis. The body size is very large. Antlers are robust, with horizontal proximal
portions and vertical distal portions oriented in the parasagittal plane. The antler base is
perpendicular to the burr plane. The beam curves in the dorsal tine region and sharply turns
upwards in the posterior tine region. A subbasal tine is generally absent. The dorsal tine is
cylindrical, of moderate length, situated on the upper (medial) side of the beam and twisted towards
the anterior. The middle tine is long, sharp, non-palmed, and is inserted on the anterior side of the

beam. The distal portion above the posterior tine may be branched and somewhat compressed from
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the sides or may extend into a fan-shaped palmation. Pedicles are robust, diverged, dorso-ventrally
compressed, and oriented in the frontal plane. The fourth premolar is typically molarized. The
lingual walls of the upper premolars are not cleft or grooved. The hypocone of premolars is
supplemented with a small interior enamel fold. Pachyostosis of the lower mandible is not
developed. P4 is molarized.

Lectotype. The type specimen M40835 (cast) is a basal fragment of the left shed antler
that belongs to a large mature individual.

Locus typicus: Pakefield?, Norfolk, England.

Stratum typicum: the Middle Pleistocene of Cromer Forest-bed formation.

Description. The lectotype M40835 displays a circular and anteroposteriorly compressed
antler base, lacking a developed subbasal tine. The dorsal tine arises from the upper (dorsal) side
of the beam and measures 42 mm from its base to the antler burr. Over a preserved length of
approximately 13 cm, the dorsal tine is cylindrical and curves anteriorly and downward. An
accessory button-like prong is situated on the antler beam's lateral side adjacent to the dorsal tine.
While not homologous to the subbasal tine, this accessory button constitutes a sort of
hypermorphy. The middle tine emerges from the anterior side of the beam forward and represents
a diagnostic characteristic distinguishing P. verticornis from P. pliotarandoides. The antler beam
i1s moderately compressed dorsoventrally between the dorsal and middle tines, with a maximal
diameter of 92.0 mm and a circumference of 275.0 mm at the base.

The stable development of the middle tine in P. verticornis is a crucial factor for
distinguishing it from P. pliotarandoides. H.-D. Kahlke, in personal communication with Croitor
and Kostopoulos (2004), notes that the middle tine is always present in P. verticornis from younger
deposits of Mosbach and Siilenborn. Dawkins (1872, 1887) describes British specimens of P.
verticornis with an always-present middle tine, which indicates that this feature is not variable.
Pfeiffer (2002) describes a skeleton of a two-year-old antlered P. verticornis stag from Bilshausen
(Germany) that possesses a strong, very long middle tine, along with dorsal, posterior, and crown
tines. This finding confirms that the middle tine is present in P. verticornis at a very early stage of
ontogenetic development. The pedicels of P. verticornis are sloped backward and sideward and
strongly compressed in the dorsoventral direction.

The distal portion of the antler displays variations in shape among species of the genus
Praemegaceros. The antlers recovered from the Siilenborn locality exhibit slightly compressed
branched tines, analogous to the crown shape of P. pliotarandoides (Kahlke, 1956). Conversely,
the antlered braincase from Pakefield in England displays a distinct distal part that extends into a

broad fan-shaped palmation (Harmer, 1899). The presence of palmated and simple branched distal
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parts of antlers in P. verticornis may hold taxonomic significance at the subspecies or species
level. Regrettably, this issue has yet to be resolved, given that the distal part of the type specimen
of P. verticornis is absent.

The complete skulls of P. verticornis remain unknown, but the existing evidence indicates
that the braincase is relatively short and broad. The basioccipital is bell-shaped and broad, while
the frontal bones are flat, featuring dorso-ventrally compressed pedicles that slope sideward and
backward, oriented in the forehead plane. The shape and position of these pedicles represent a
taxonomic characteristic distinguishing P. verticornis from P. pliotarandoides. P4 is generally
molarized, while the lingual walls of the upper premolars do not display cleft or grooves. The
hypocone of the premolars features a small interior enamel fold. The lower mandible's
pachyostosis is not developed.

Subspecies. In 1967, Ambrosetti proposed distinguishing P. verticornis dendroceros,
which possesses branched antlers, based on the well-preserved antlered frontlet StiB-3552 from
StiBenborn, from the "typical verticornis" subspecies. The designation of the "typical verticornis"
subspecies was accompanied by a figure of the specimen from Pakefield, even though the distal
portion is missing in the lectotype of P. verticornis. Unfortunately, the attribution of the type antler
to the subspecies indicated by Ambrosetti (1967) is impossible, as the specimen does not provide
the necessary diagnostic characters. Thus, the nominotypical subspecies of P. verticornis cannot
be determined. The situation is further complicated by the uncertainty regarding the species' type
locality. Currently, the data on the antler variability of P. verticornis are incomplete, and it is not
possible to define subspecies from the perspective of formal taxonomy.

Distribution. The Middle Pleistocene of England, Germany, Italy, Ukraine, and Moldova.
Chronological span: 0.8 Ma (Tiraspol) — 0.4 Ma (Bilshausen) (Kahlke, 1971; Pfeiffer, 2002).

Genus Candiacervus Kuss, 1975

Nomenclatural acts. Simonelli (1907) classified the endemic deer from the Late
Pleistocene of Crete within the genus Anoglochis, which is no longer in use as a valid taxonomical
unit due to its artificial nature based on a single morphological characteristic, namely the high
position of the antler ramification above the burr. Kuss (1975) subsequently proposed a new genus
for the endemic cervids from Crete and other Mediterranean islands, namely Candiacervus. Kuss
(1975) defined Candiacervus based on several morphological characteristics, including a small-
to-medium body size, reduced or very small ethmoidal openings and preorbital pits, hypsodonty,

the high position of the first time, and elongated and robust postcranial skeleton. Capasso Barbato
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(1990) proposed that Candiacervus should be considered a subgenus of the genus Megaceros,
which contained the informal "verticornis" group of large-sized continental deer (now the genus
Praemegaceros). Kuss (1975) postulated that the Cretan deer represents an archaic lineage that
evolved in isolation from a Middle Miocene forerunner and persisted until the Mindel Glaciation.
Kuss (1975) also included cervid remains from Karpathos and Kassos in this genus. The genus
comprises up to ten species that represent various stages of endemic evolution on Crete, Kasos,
and Karpathos. It is possible that some species may be synonymous.

Diagnosis: deer of medium and small size with antlers that are secondarily simplified. The
antler beam is sloped backward and sideward immediately from the burr. The basal tine is absent,
while the other tines are reduced to varying degrees. However, the middle tine is typically present
in all species. Cranial morphology is characterized by very small or reduced fissura nasolacrimalis
and fossa praeorbitalis, a bell-shaped basioccipital, short nasal bones that do not reach the level of
the anterior orbital edges, a complete absence of upper canines, and a moderately flexed and
relatively short braincase. The pedicles are divergent and point sideways and backwards. The
orbitofrontal is short, with the anterior edge of the orbits situated above M2. Dentition is rather
brachyodont, and the upper molars maintain hypoconal enamel spur. Additionally, the lower fourth
premolar is molarized.

Type species: Anoglochis cretensis Simonelli, 1907.

Composition: Candiacervus cretensis (Simonelli, 1907) (Pleistocene, Crete); C.
rethymnensis Kuss, 1975 (Pleistocene, Crete); C. cerigensis Kuss, 1975 (Pleistocene, Crete); C.
pigadiensis Kuss, 1975 (Pleistocene, Crete); C. ropalophorus de Vos, 1984 (Pleistocene-
Holocene, Crete); C. devosi van der Geer, 2018 (Pleistocene, Crete); C. listeri van der Geer, 2018
(Pleistocene, Crete); C. reumeri van der Geer, 2018 (Pleistocene, Crete).

Distribution: the Middle-Late Pleistocene and Holocene of Crete, Kasos, and Karpathos.

Candiacervus devosi van der Geer, 2018

Diagnosis. An insular cervid of intermediary body size. The fully grown antlers are four-
pointed and maintain the dorsal (outer), middle, and posterior tines, which are homologous to the
dorsal, middle, and posterior tines of the mainland Praemegaceros. The distance between the
dorsal and middle tines is short. The antler beam is sharply turned upright and slightly sideways
in the area of the posterior tine, while crown tines are absent. The dorsal part rim of the orbits is
thick.

Holotype. The male skull AMPG(V)1735 figured in de Vos (1984: plate 13).

Paratype: right antler AMPG(V) 1733. Types are stored at the Museum of Palacontology
and Geology, National and Kapodistrian University of Athens, Greece (van der Geer, 2018).
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Locus typicus: Liko Cave, Likotinara, Crete, Greece (van der Geer, 2018).

Stratum typicum: 75 uppermost centimetres of the Liko Cave filling.

Description. Van der Geer (2018) previously interpreted the two proximal antler tines as
a double basal tine, but the present study suggests that the antlers of C. devosi maintain the antler
bauplan characteristic of the mainland genus Praemegaceros. Similar to giant continental species,
C. devosi is characterized by antlers that form a more or less sharp curvature in the area of the
posterior tine. The homology of the dorsal and middle tines in C. devosi with the dorsal and middle
tines in P. verticornis and P. obcurus is easily recognizable (Fig. A.34 E). However, unlike the
continental species, C. devosi has lost crown antler tines. The proximal part of the antler does not
exhibit the bending of the beam characteristic of P. verticornis. Instead, the sloped position of the
beam to the burr suggests that the origin of C. devosi is related to P. obscurus.

While the frontal bones and pedicles of C. devosi maintain the same shape as those of the
continental species, the skull morphology of this deer is already strongly influenced by the
evolution in insular isolation. Specifically, the splanchnocranium is shortened, the orbits are
shifted rostrally with respect to the upper tooth row, and the fossa pracorbitalis is vestigial.

Candiacervus listeri van der Geer, 2018

Diagnosis. The insular cervid of intermediary body size is characterized by fully grown
antlers that are three-pointed, devoid of the dorsal tine and maintaining the middle and posterior
tines. The height of the splanchnocranium is reduced due to the diminished volume of the nasal
cavity, resulting in a concave face profile when viewed from the side, and elevated upper orbital
margins above the frontal surface. The dorsal rim of orbits is thick.

Holotype: the male skull AMPG(V) 1734, figured in de Vos (1984, plate 12).

Paratype: the partial skull with left and right antler (AMPG(V) 1726) constitutes the
paratype of the species. The type specimens are curated at the Museum of Palacontology and
Geology, National and Kapodistrian University of Athens, Greece (Van der Geer, 2018).

Locus typicus: Liko Cave, Likotinara, Crete, Greece (van der Geer, 2018).

Stratum typicum: 75 uppermost centimetres of the Liko Cave filling (van der Geer, 2018).

Description. The species under study represents a further stage in the evolution under
insular isolation. Its antlers have lost both the proximal tines, namely the basal and dorsal tines,
while retaining the middle and posterior tines. The antler beam exhibits the characteristic bending
in the area of the posterior tine seen in continental Praemegaceros. Some specimens (van der Geer,
2018: fig. 8-3) preserve rudimentary crown tines. The antlers are moderately divergent and
relatively long, measuring up to 60-70 cm (van der Geer, 2018). The proximal part of the antlers

1s compressed anteroposteriorly, a character that brings C. listeri closer to Praemegaceros from
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the Tiraspolian Gravel in Moldova. The antler surface is characterized by a moderate pearling, a
specific feature that associates Candiacervus (and Praemegaceros) with the phylogenetic branch
of Cervus elaphus. The facial portion of the skull is markedly low (van der Geer, 2018: fig. 8-1).
This particular feature is likely linked to the reduction in nasal cavity volume and loss of olfactory
abilities in the conditions of an unbalanced insular fauna that lacks terrestrial predators (Croitor et
al., 2000).

Candiacervus rethymnensis Kuss, 1975

Diagnosis. The species exhibits an intermediate body size and features antlers with two
tines in the proximal portion. The antler beam is moderately bent in its distal portion, resembling
the mainland Praemegaceros. Some individuals may exhibit a supplementary proximal tine near
the dorsal tine. The metapodials are elongated and maintain typical cervid proportions.

Holotype. The right metacarpal figured by Kuss (1975: pl. 6, fig. O), stored at the Natural
History Museum, University of Crete, Heraklion, Greece.

Type locality. Mavro Muri 4, Crete (Kuss, 1975).

Description. Kuss (1975: pl. 111, figs. C-E) described long antlers of this species, with only
the middle tine preserved and a moderate bending that corresponds to the beam bending in the area
of the posterior tine in the mainland Praemegaceros. These antlers are similar to those of van der
Geer's C. listeri, suggesting the probable synonymy between the two species. Van der Geer (2018)
identified the frontal fragment of the skull NHMH 38.70 with basal portions of antlers, likely from
Melidoni, as belonging to C. rethymnensis. This specimen is characterized by the presence of a
supplementary proximal tine situated close to the dorsal tine on its left antler, which has a more
medial position, and the middle tine with a more lateral position. This additional tine likely
represents an individual variation and has no taxonomic value. The specimen from Melidoni
should instead be assigned to Candiacervus devosi.

Candiacervus ropalophorus de Vos, 1984

Diagnosis. The species is characterized by a small body size with a shoulder height of
about 40 cm. The antlers are remarkably long, disproportionally to the body size, reaching up to
77 cm, and may exceed the total head-to-tail length. Antlers are characterized by a small tine
located at a certain distance from the burr and the development of a distinctive bludgeon-like
formation in their distal part. Limb bones are short and robust.

Holotype: the male skull Ge4-46, figured in de Vos (1984: pl. 10).

Paratype: antler RGM 438460. Types are stored at the Naturalis Biodiversity Center,
Leiden, the Netherlands (van der Geer, 2018).

Locus typicus: Gerani IV, Crete (van der Geer, 2018).
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Stratum typicum: 40 uppermost centimetres of the Gerani Cave filling (van der Geer,
2018).

Distribution: Known from the Mindel Glaciation (?) to historical times on the island of
Crete (Kuss, 1975).

Description. The species is characterized by a relatively thin and delicate skull shape and
proportions (Schilling and Roessner, 2021: fig. 1). The face profile between the orbits is concave,
but the upper margins of the orbits are not elevated above the frontal plane. The splanchnocranium
is relatively short and thin, and the facial portion of the skull before the orbits is very low. The
muzzle is narrow, and the praemaxillary bones are rectangular-shaped and broad. The
nasopremaxillary suture is moderately short. The orbitofrontal part of the skull is short, with the
anterior edges of the orbits situated above the posterior part of M2. The nasal bones are short and
do not reach the level of the anterior orbital edges. In contrast to C. cretensis, the orbits are less
oblique in the dorsal view, indicating that C. ropalophorus did not have partial binocular vision.
The braincase length measured from bregma to inion equals the maximum braincase breadth in
females and behind pedicles in males (Schilling and Rossner, 2021) and may be classified as
relatively short. The basicranium is moderately broadened at pharyngeal tuberosities, giving it a
bell-shaped appearance. Upper canines are completely lost, and the frontal bones are flat between
pedicles. The pedicles are sloped backward and sideward.

Candiacervus cretensis (Simonelli, 1907)

Diagnosis. The species is characterized by its small body size, reaching approximately 55
cm at the shoulder. The splanchnocranium is low and the face profile is concave in the side view.
The upper margins of the orbits are elevated above the frontal surface, and the dorsal rim of the
orbits is thick. The muzzle is relatively narrow, and the premaxillary bones are rectangular in
shape. Antlers are typically two-pointed and relatively small, with a thin main beam that has a
subtriangular cross-section in its proximal part and is flattened in the distal portion. The tine on
the anterior side of the beam is situated at a distance of about one-third of the total antler length
from the burr. Metapodials are short and robust.

Type locality. Mavro Muri 4, Crete.

Holotype. Not yet established. A lectotype should be determined from Simonelli's material
(Kuss, 1975).

Locus typicus: karst formation near Grida Avlaki (see Kuss, 1970).

Stratum typicum: Grida-Avlaki level, probably Riss/ Wiirm interglacial (Kuss, 1975).

Distribution: Known from the Mindel Glaciation (?) to historical times on the island of

Crete (Kuss, 1975).
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Description. Candiacervus cretensis represents a stage of evolutionary adaptation to
insular isolation, characterized by a reduction in body size and further simplification of antlers. It
is very similar to C. rethymnensis, but 30-50% smaller according to Kuss (1975), and shares a
cranial morphology with C. listeri. The orbits are obliquely oriented on the skull, allowing for
partial binocular vision (Simonelli, 1907; Kuss, 1975). Antlers consist of a main beam with a
flattened distal portion that preserves the middle tine, and are generally thinner than the pedicle.
Individual variations in antlers are broad, with some specimens evolving additional tines that may
be considered atavistic. For instance, Kuss (1975: pl. 3, fig. A) describes an interesting antler
variant that evolved a small distal palmation, a posterior tine, and a small basal tine close to the
burr, similar to Praemegaceros obscurus. Other antler variants with bifurcated tines (Kuss, 1975:
pl. 3, fig. A) may be considered hypertrophic or hypermorphic.

Candiacervus reumeri van der Geer, 2018

Diagnosis: The insular cervid of intermediary body size. The fully grown antlers are four-
pointed. The antler beam is sloped backwards immediately from the burr. Antlers are characterized
by the presence of two well-developed tines inserted on the anterior side of the beam and the distal
fork. The distances between the burr, tines and distal fork are roughly similar. The dorsal wall of
the orbital wall is very thin. The upper orbital margins are not elevated above the frontal surface.

Holotype: the male skull AMPG(V) 1736, figured in de Vos (1984, pl. 14).

Paratype: the left antler RGM 442702 (figured in de Vos (1984, pl. 8). Type specimens
are stored at the Museum of Palaeontology and Geology, National and Kapodistrian University of
Athens (Greece) (holotype) and the Naturalis Biodiversity Center, Leiden, the Netherlands
(paratype) (van der Geer, 2018).

Locus typicus: Liko Cave, Likotinara, Crete, Greece (van der Geer, 2018).

Stratum typicum: 75 uppermost centimetres of the Liko Cave filling (van der Geer, 2018).

Description. Candiacervus reumeri is a species of deer that exhibits a different antler
bauplan compared to the previously described species, C. ropalophorus and C. cretensis.
However, C. reumeri shares certain morphological features with C. devosi and C. listeri that
suggest a common evolutionary origin. These shared features include the oblique position of the
beam axis to the burr and the concave anterior side of the proximal part of the antler. One can
assume that the antler bauplan of the devosi-listeri lineage and the reumeri lineage represent two
distinct evolutionary modifications of the same initial bauplan. In the case of the devosi-listeri
lineage that evolved on Crete, the proximal portion of the antler beam became progressively
shortened, resulting in a very short distance between the dorsal and middle tines. However, in the

case of the reumeri lineage, the progressive shortening affected the distal portion of the antlers,
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which transformed into a distal fork. In some specimens, this distal fork is composed of a stronger
anterior tine that represents the continuation of the beam, and the posterior tine that is a homology
of the posterior tine in C. devosi, Praemegaceros verticornis, and P. obscurus.

Candiacervus pigadiensis (Kuss, 1975)

Diagnosis: an intermediate-sized deer species with unspecialized limb proportions. The
fully grown antlers of this species have four tines of approximately the same size, all located on
the anterior side of the beam. The most proximal tine is positioned at a certain distance from the
burr. The distance between the tines is relatively equal, resulting in a comb-like pattern. The antler
cross-section is irregularly circular in shape.

Holotype: The right tibia, 205 mm long (Kuss, 1975: pl. 1V, fig. 1). Collection of the
Geological and Paleontological Institute of the University of Freiburg.

Locus typicus: Kandilia cave, the Island of Karpathos, Greece, 1.5 km southeast of Pigadia
(Kuss, 1975).

Stratum typicum: Probably Riss / Wiirm interglacial (Kuss, 1975).

Distribution: islands of Karpathos and Kasos.

Description. This is a species of deer with antlers that sometimes develop a multiaxial
crown composed of 3-4 short tines. The right tibia of this species is 205 mm long and exceeds the
length of the tibia of C. cerigensis by approximately 20% (Kuss, 1975: tab. IV, fig. 1). The antlers
of C. pigadiensis have a comb-like shape, which is an interesting morphological feature that
superficially resembles continental Eucladoceros. However, unlike Eucladoceros, the distal
portion of antlers in C. pigadiensis is not flattened. Some antler variants from Karpathos that are
attributed to C. pigadiensis by Kuss (1975) form a multiaxial small crown composed of three or
four short tines. This morphological feature is reminiscent of Cervus elaphus of the modern type
and may suggest a more complicated pattern of colonization of Karpathos by continental cervids.
The body size, limb proportions, and antler shape of C. pigadiensis are very similar to those of C.
reumeri, leading to speculation that the two species may be synonymous. The close morphological
affinity between C. pigadiensis and C. reumeri also suggests that the main evolutionary processes
of the pigadiensis-reumeri lineage took place on Karpathos and Kasos. The presence of C. reumeri
on Crete indicates that the pigadiensis-reumeri lineage dispersed into Crete via the landbridge that
emerged during one of the phases of the sea level lowering.

Candiacervus cerigensis (Kuss, 1975)

Emended diagnosis. A small-sized deer species with short and robust limbs. Its antlers are

five-pointed and arranged in a comb-like pattern, with the distal portions of the antlers not

flattened. The muzzle is relatively short compared to that of C. cretensis.
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Holotype: left antler rod with 5 ends (panel I1I, figure f).

Locus typicus: Kandilia Cave, 1.5 km southeast of Pigadia, Karpathos Island.

Stratum typicum: Probably Riss / Wiirm interglacial (Kuss, 1975).

Description. Based on the morphology of C. cerigensis antlers (Kuss, 1975: tab. III, fig.
F; tab. IV, fig. C, E, I, M, Q), it appears that this species is closely related to C. reumeri. C.
cerigensis 1s a highly specialized insular endemic, as evidenced by the advanced shortening of the
splanchoocranium, small body size, and short, robust limbs. Despite its insular adaptations, C.

cerigensis has maintained a relatively complex antler morphology with up to five tines.

Genus Cervus Linnaeus 1758
Synonymy:
Pseudodama Azzaroli, 1992

FEuraxis Di Stefano and Petronio, 1998

Diagnosis: these deer vary in size from small to large and have a pearled antler surface.
Antlers always have the basal (brow) and middle (trez) tines, and the crown is represented by a
distal fork in the simplest variants. Cross-sections of antler beam and proximal and trez tines are
circular. The braincase is rather short, with the breadth exceeding the distance between bregma
and inion. The basioccipital is narrow and wedge-shaped, not extending at the level of pharyngeal
tuberosities. Pedicles are moderately long, moderately divergent, and deflected caudally. Small
upper canines are always present, and nasal bones are short, never reaching the level of anterior
edges of orbits. In most species, the splanchnocranium is relatively long.

Type species: Cervus elaphus Linnaeus, 1758.

Composition: C. elaphus Linnaeus, 1758 (Middle Pleistocene — Holocene, Eurasia); C.
canadensis Erxleben, 1777 (Middle Pleistocene — Holocene, Eurasia and North America); C. nestii
Azzaroli, 1947 (Early Pleistocene, Italy and Georgia); C. magnus (Zdansky, 1925) (Early
Pleistocene, Eastern Asia); C. nippon Temminck, 1838 (Pleistocene — Holocene, Eastern Asia); C.

astylodon (Matsumoto, 1926) (Late Pleistocene, Ryukyu Islands).

Cervus nestii (Azzaroli, 1947)
Synonymy:
1879 Cervus Nestii nomen nudum: Forsyth Major, p. C.
1947 Dama nestii nestii (F. Major): Azzaroli, p. 54, fig. 4 (4).
1992 Pseudodama Iyra sp.nov.: Azzaroli, p. 6, Fig. 2, pl. 1, fig. 1 a-c.
1992 Pseudodama nestii (Azzaroli): Azzaroli, p. 12, figs 5-7.
1995 Cervus (Dama) cf. nestii (Major): Vekua, p. 124, tab. 44, fig. 3.
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1997 Dama (Pseudodama) nestii (Azzaroli): Pfeiffer, p. 34.
1998 Euraxis lyra (Azzaroli): Di Stefano & Petronio, p. 52.
1998 Euraxis nestii (Azzaroli): Di Stefano & Petronio, p. 52.
2001 Cervus abesalomi sp. nov.: Kahlke, p. 475.

2003 Axis nestii (Azzaroli): Girotti et al., p. 88, fig. 3a-d.

Nomenclatural acts: Forsyth Major’s (1879, n.v.) original citation of the species name
Cervus Nestii was not accompanied by a species description, a type designation and a describing
figure (fide Azzaroli, 1992). Azzaroli (1947) proposed the description of the subspecies Dama
nestii nestii F. Major and figured the type specimen. Later, Azzaroli (1992) considered Forsyth
Major's Cervus Nestii as nomen nudum and suggested that the authorship of the species “nestii”
belongs to Azzaroli 1947. The formal diagnosis of the species was not proposed. The species name
“nestii” is used here senmsu Azzaroli (1992). Later, Azzaroli (1992) created a new genus
Pseudodama with the type species Dama nestii nestii Azzaroli, 1947 and several other Late
Pliocene and Early Pleistocene “Dama-like” deer: Cervus pardinensis Croizet and Jobert, 1828;
Cervus rhenanus Dubois, 1905; Cervus perolensis Azzaroli, 1952; Pseudodama lyra Azzaroli,
1992; and Pseudodama farnetensis Azzaroli, 1992. The enlisted species share a similar body size
comparable to that of modern fallow deer (hence the term "Dama-like deer") and simple lyre-
shaped antlers with three or four tines. However, the genus Pseudodama caused controversial
opinions, as many authors agreed that Pseudodama is a polyphyletic taxon (de Vos et al. 1995;
Croitor 2001, 2006b, 2012; di Stefano and Petronio 2002). Di Stefano and Petronio (1998) created
the genus Euraxis with Dama nestii Azzaroli, 1947 as a type species that implies the synonymy
between Pseudodama and Euraxis. Later, Di Stefano and Petronio (2002) included the “Dama-
like” species in the modern genera Axis (including Cervus nestii) and Rusa. Pfeiffer (1999)
regarded Azzaroli’s Pseudodama as a subgenus of the genus Dama.

Diagnosis: A medium-sized deer with body size similar to modern fallow deer. The
braincase is unflexed with flattened parietal bones. The facial portion of the skull is relatively long:
the orbitofrontal region of the skull is elongated as in Cervus. The anterior edge of the orbit does
not reach the level of M>. The posterior edge of nasal bones does not reach the line connecting the
anterior edges of orbits. The distance between P? and prosthion is shorter than the upper tooth
row. Pedicels are long and sloped from the face toward the posterior. Frontal bones are flat. The
lower mandible has a more open angle (110°) between horizontal and ascending parts if compared
to fallow deer. The angle between the labial and lingual sides of the upper molars is comparatively
narrow and amounts to 30°. The morphology of P4 is primitive. Antlers are four-pointed and thin,

with a pearled surface. The first (brow) tine is situated at a certain distance from the burr. The
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middle (trez) tine is well-developed. The distal bifurcation is oriented in the frontal plane.
Metapodial bones are short. The metacarpus is shorter than the radius.

Holotype: a pair of antlers with pedicels and frontal bones IGF 363, MGUF. The major
part of the left antler is restored.

Type locality: Tasso, Upper Valdarno, Central Italy.

Stratum typicum: late Villafranchian deposits of Upper Valdarno.

Description. The estimated body size of Cervus nestii is approximately 70 kg. The type
specimen IGF 363 (MGUF) from Upper Valdarno is a pair of antlers belonging to a mature
individual. The antlers are thin, long, and four-pointed, the antler surface is pearled. The first tine
is situated at a certain distance from the burr, and the bez tine (an additional basal tine often present
in red deer) is always missing. The middle (trez) tine is well-developed. The first segment of the
beam (the portion between the first and middle tines) is somewhat longer than the second segment
(the beam portion between the middle tine and the distal bifurcation). The distal bifurcation is
formed by two short tines of almost equal size and is oriented in the frontal plane. The pedicels
are moderately long (L, 19.8 mm; DAPXDLM, 27.5%30.5 mm [sin]; L, 22.5 mm; DAPxDLM,
27.1%x29.5 mm [dx]) and somewhat inclined caudally. The frontal orientation of the distal fork
reminds of the primitive fossil and modern subspecies C. elaphus acoronatus and C. elaphus
bactrianus. The antlers of C. nestii are very similar to those of the subspecies C. elaphus barbarus
Bennett from North Africa that lack the bez tine too.

The fairly complete but damaged antlered skull of a young adult male IGF 243 (MGUF)
of Cervus nestii from Figline (Fig. A.37) is characterized by an unflexed braincase with flattened
parietal bones. The face is very long, with the ratio of face length (measured from the anterior edge
of orbit to prosthion) / condylobasal length amounting to 61.2%. The variation range of the face
length / condylobasal length index is 58.6 - 61.0% in C. elaphus elaphus (n=5), 52.8 - 55.1% in C.
nippon (n=3), and 52.3 - 56.5% in Dama dama (n=13). The projection of the anterior edge of the
orbit runs down behind M>. The posterior edge of the nasal bones does not reach the line
connecting the anterior edges of the orbits. The nasal bones have very short contact with ethmoidal
openings (shorter than /2 of the ethmoidal opening length). The preorbital fossae are deep. Pedicels
are long and sloped from the face caudally. Frontal bones are flat and just slightly depressed
between orbits. The horizontal ramus of the mandible forms an open angle (110°) with the
ascending mandibular part. The upper canines are present. The angle between the labial and lingual
walls of upper molars is comparatively narrow, amounting to 30°. The morphology of P4 is
primitive. The lower premolar series attains 64.3% of the molar series length in specimen IGF 243,

falling within the range of variation of modern European red deer (60.3% - 65.2% according to the
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sample stored in NMNH). The cranial morphology suggests that C. nestii is one of the earliest
representatives of the elaphus group, showing a greater affinity with C. elaphus than with C.
nippon.

Distribution. Early Pleistocene of Italy and Georgia. Additionally to the type locality, it
has been reported in Olivola, Italy (Croitor, 2014), and in Dmanisi, Georgia, where it was
previously described as C. abesalomi Kahlke, 2001 (Croitor, 2006b; Bukhsianidze, 2016).

Cervus elaphus Linnaeus, 1758

C. elaphus acoronatus Beninde, 1937 is the most archaic subspecies of red deer that
dispersed in Europe by the beginning of the Middle Pleistocene. This is a large-sized form
characterized by the advanced molarization of P4 and the presence of the bez tine as in modern C.
elaphus. The distal part of antlers ends in a simple transversal distal fork as in C. nestii and the
modern subspecies C. elaphus bactrianus Lydekker, 1900 and C. elaphus yarkandensis Blanford,
1892. Cervus reichenaui Kahlke, 1996 (= Cervus elaphoides Kahlke, 1960) from the early Middle
Pleistocene of Mosbach is based on antler remains of a young individual of red deer and has been
identified by Lister (1990) as a junior synonym of C. e. acoronatus. The lower mandible
proportions of specimen 32863/17 (SMNH) from Mosbach fall within the range of variation
observed in modern red deer, with the relative length of diastema to lower tooth length being
74.9%, and the premolar to molar series length ratio being 61.3%. The Mosbach specimen's
measurements correspond to the comparatively moderate body mass of 170 kg observed in red
deer.

C. elaphus angulatus Beninde, 1937, from the Late Middle Pleistocene of Steinheim (250
kyr: Geist, 1998), is a direct descendant of C. e. acoronatus that evolved the most unusual shape
of its distal crown. Young individuals of this subspecies evolve antlers similar to those of
acoronatus, with a simple frontally oriented distal fork, as observed in the specimen ST-18176
(SMNH). The fully grown antlers' distal part may vary, but there is a general and specific
morphological pattern: the beam segment above the middle tine is more robust than the beam
segment below the middle tine. The antler crown preserves the initial distal fork, but it develops a
very strong and long caudal tine, which forms a right antler with the beam and is directed
posteromedially. This caudal crown tine often extends into a small horizontal palmation that bears
additional tines (up to six). The functional significance of the caudal crown tine is not clear, but it
possibly had the same function as the posterior tine in M. giganteus and R. tarandus and other deer
adapted to the open or/and wet landscapes: the function of removing the flying parasites from the

back in rutting males, thus increasing their combat capacities (Croitor, 2016). According to Geist
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(1998), the red deer of the angulatus-type survived in the Iberian glacial refugium, and a high
percentage of the south Spanish deer carry this diagnostic antler form.

Italy has yielded several endemic red deer forms due to its higher biogeographic isolation
and connection with the Balkan Peninsula. C. elaphus rianensis Leonardi and Petronio, 1974, from
the Aurelian Age of the Middle Pleistocene of Italy, is a distinct descendant of C. e. acoronatus,
characterized by antlers terminated with a distal fork. This contemporaneous with C. e. angulatus
form of red deer is distinguished by its smaller body size (male body mass is approximately 130
kg), relatively short limbs, and shortened distal beam segment between the trez tine and the distal
fork (Leonardi and Petronio, 1974). The slightly older C. elaphus eostephanoceros Di Stefano and
Petronio, 1993, from the late Galerian Age of Cava Nera Molinario (Italy), is a junior synonym of
C. e. rianensis. The type antler of C. e. eostephanoceros is characterized by a shortened distal part
above the trez tine, as in C. e. rianensis (Di Stefano and Petronio, 1993: fig. 2).

C. elaphus siciliae Pohlig, 1893, from the end of the Middle-Late Pleistocene of Sicily, is
a slightly smaller deer (approximately 100 — 110 kg) with specific adaptations to grazing: the facial
tubercle zone is particularly rough, the stout and the mandibular diastema are relatively short, the
premaxillary bones are broad and squared, and the mandibular body is relatively high (Gliozzi et
al. 1993). The advanced morphological character is seen in more divergent and short pedicles
compared to modern red deer. Antlers are simplified: in 40% of specimens, the bez tine is missing;
the trez tine may also be vestigial or completely absent; the distal part of the antler is formed by
two or three tines (Gliozzi et al., 1993).

C. elaphus aretinus Azzaroli, 1961, from the last interglacial phase of Val di Chiana (Italy),
represents a different dispersal event of red deer. This subspecies is characterized by the absence
of bez tine, the long trez tine, and a massive distal crown, which, however, is simple and resembles
the C. elaphus maral type: the crown is formed by a stronger posterior axial tine and multiple
“secondary” tines (up to five) that are inserted on the main crown axis (Azzaroli, 1961; Croitor
and Cojocaru, 2016). Another antlered skull with maral-like antlers is reported from the Late
Pleistocene of Liguria (Le Prince, Italy) (Barral and Simone, 1968: 87, fig. 14-1). C. elaphus
aretinus 1is closely related to, or may even be synonymous with, Caucasian and Caspian red deer
Cervus elaphus maral Lydekker, 1898. The Balkan-Anatolian-Caucasian glacial refugium is the
area of origin and the center of dispersal of C. elaphus maral (Sommer et al. 2008; Meiri et al.
2013). Perhaps, C. elaphus aretinus entered the Italian Peninsula via the narrow passageway
between the Alps and the Dinaric Alps.

The remains of Cervus elaphus barbarus Bennett, 1833 from the Late Pleistocene era in

Doukkala IT (Morocco) are characterized by advanced molarization of P4, a missing bez antler tine,
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and moderate body size, similar to the coeval Wiirmian red deer from Comb Grenal in
southwestern France (Laquay, 1986). According to Laquay's (1986) dental measurements, the
estimated body mass of a male individual from Doukkala-II is approximately 220 kg. Adult
individuals of the modern Barbary stag C. e. barbarus exhibit a primitive type of pelage color with
white spots on their back in adulthood, which Geist (1998) regards as a paecdomorphic feature. The
exact time of red deer dispersal in Africa is unknown. The presence of red deer in northwestern
Africa is known only from the Late Pleistocene period. Gentry (2010) reported a single cervid
molar of older Pleistocene age from the Nile Valley in Sudan. Finally, Ludt et al. (2003) found a
surprisingly high genetic differentiation of modern C. e. barbarus from other subgroups of modern
red deer, with a time of divergence of around 2.2 million years ago, which roughly coincides with
the dispersal of Cervus nestii in the Ponto-Mediterranean area.
Cervus canadensis Erxleben, 1777
Synonymy

1777 Cervus canadensis [sp. nov.]: Erxleben, p. 305.

1836 Cervus canadensis Brisson: Schroeber, p. 990, tab. 246A.

1836 Cervus strongyloceros [sp. nov.]: Schroeber, p. 1074, tabs. 247F-G.
1846 Cervus (Strongyloceros) spelaeus [sp. nov.]: Owen, p. 469, fig. 193.
1873 Cervus maral sibirica [sp. nov.]: Severtzoff, p. 109, fig. p. 105.
1898 Cervus canadensis asiaticus Severtzoff: Lydekker, p. 104, fig. 27, PL. 6.
1915 Cervus canadensis baicalensis nom. nov.: Lydekker, p. 134.

1947 Cervus elaphus sibiricus Severtzov: Heptner and Tzalkin, p. 77.
1952 Cervus elaphus canadensis Erxleben: Flerov, p. 175, fig. 55.

1952 Strongyloceros spelaeus Owen: Friant, p. 1398.

1959 Cervus elaphus sibiricus Severtzov: Sokolov, p. 217, fig. 44.

1987 Cervus elaphus Linnaeus: Lister, p. 193.

2005 Cervus elaphus cherskii ssp. nov.: Boeskorov, p. 76, fig. 2.

Nomenclatural acts. Schroeber (1836) granted the authorship of the species Cervus
canadensis to Brisson (1756). Nonetheless, Brisson's "Regnum Animale" is regarded today as
unavailable for zoological taxonomy work, since Brisson (1756) did not apply the binominal
zoological nomenclature in his species descriptions. Although several important generic names are
currently accepted as from Brisson (Gentry, 1994), none of his specific names is accepted as
available. Regarding the case of Cervus canadensis in particular, we want to indicate that “Cervus
Canadensis” mentioned in Brisson (1756) is quoted from Ray (1693: p. 84) where it was used
together with “Cervus Europaeus” as an indication to the geographic provenance of the common
deer Cervus, not a binominal term. Therefore, these quotations should not be regarded as available
species designations.

Thus, Erxleben (1777) was the first who introduced the binominal species name Cervus
canadensis for the Canadian stag. Schroeber (1836) himself proposed a new species name for a

large North American deer Cervus strongyloceros accompanied by a brief description and figures
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representing the pelage colour of a female and a shed antler. In the same work, Schroeber (1836)
published a description of Cervus canadensis Brisson supplemented with a figure of a stag with
fantastic undulated antlers, suggesting that the author was poorly acquainted with this species.
Severtzoff (1873, 1876) was the first who noticed the striking resemblance between Siberian
“Cervus maral” (should not be confused with the name Cervus elaphus maral Ogilby given to
Caspian red deer) and North American Cervus canadensis, indicating that the only difference
between those two cervid forms is that Canadian deer have no the seasonal change the pelage
colour (this observation was made only on two captive individuals).

Lydekker (1898) regarded wapiti as the true species Cervus canadensis and introduced for
Asian wapiti a new subspecies name C. canadensis asiaticus, which represents a modification of
Cervus maral asiatica quoted from Severtzoff (1873). According to Allen (1930), Severtzoff
(1873) used the term asiatica in a group sense, not as a technical name, and therefore it should be
rejected, while the name C. canadensis asiaticus should have to date from Lydekker (1898).

Heptner and Zalkin (1947: p. 69) consider that populations of Siberian wapiti in natural
conditions are genetically isolated from Western and Central Asian red deer, stressing, however,
that the areas of distribution of Asian wapitis and red deer forms never overlap, therefore most
probably we are dealing with subspecies of the same species. The easy hybridization between
wapiti and red deer also is regarded by Heptner and Zalkin (1947) as an argument for including
various geographical elaphine forms as subspecies in the single species Cervus elaphus.

Flerov (1952: p. 175) included Asian wapitis in the subspecies C. elaphus canadensis
together with North American wapitis. Sokolov (1959) rejected Flerov's (1952) viewpoint and
suggested that the remarkable similarity in pelage colouring and antler shape of Cervus elaphus
sibiricus Severtzov and Cervus elaphus canadensis Erxleben should be regarded as an
evolutionary parallelism and prefers to keep those two elaphine forms as distinct subspecies of
Cervus elaphus Linnaeus. Schonewald (1994) arrived to the conclusion that the differences in
behaviour (male vocalization), sexual dimorphism differences, and semi-lethal hybridization
support the species rank of Cervus canadensis.

Description. The specimen Nr. 381 (IZC) from the Late Pleistocene of Climauti II
(Moldova) represents a distal portion of the left antler with the basal part of middle (trez) tine and
partially preserved crown tines (Fig. A.38). The antler surface is sculptured with weak longitudinal
ribs and furrows and is covered with fine pearling, which is quite weak if compared to Cervus
elaphus. The middle tine springs off sideward and forms with the beam an angle of 80°. The crown
shape represents a typical Cervus canadensis comb-like morphological pattern. The antler crown

consists of three tines that are situated almost in the same plane (more or less parasagittal to the
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animal's body axe). The first crown tine is the strongest one and is the longest tine as it is typical
for Cervus canadensis. The two distal tines of the antler crown are somewhat curved inward
(toward the sagittal plane). The antler beam is cylindrical between the middle tine and the distal
crown; however, the antler becomes somewhat flattened in the area of bifurcations. The shape of
the middle tine is circular, while the crown tines are significantly compressed from the sides.

The circumference of the antler beam between the bez and trez tines of the specimen Nr.
381 is just slightly below the mean value of antler circumference above bez tine of the sample of
modern C. canadensis from North America reported by Lydekker (1898) and is slightly larger than
the maximal value of the sample of antlers of modern Cervus canadensis from Alaska reported by
Boeskorov (2005). We do not exclude that the sample described by Lydekker (1898) includes
exceptionally large hunter trophies. The antler of wapiti from Climauti II corresponds to the most
robust antlers of C. canadensis cherskii from the Late Pleistocene of Eastern Siberia. The length
of the beam segment between the trez tine and the first crown tine is absolutely and relatively
significantly longer in the antler from Climauti II than in the holotype of C. canadensis cherskii
(ca. 147 mm; measured from Fig. 2d in Boeskorov, 2005) to the circumference of beam segment
between bez and trez tines, which attains 190 mm in the holotype of C. canadensis cherskii.

The second specimen Nr. 382 represents a portion of the beam (ca. 37 cm length) in the
area of trez tine bifurcation that belongs to a somewhat larger antler: DLM and DAP of the beam
above the middle tine bifurcation amount correspondingly to 64.3 mm and 64.5 mm. The beam
circumference above the middle tine places this specimen among the most robust wapiti antlers.

The occurrence of wapiti in South-Eastern Europe was recently attested by the analysis of
mitochondrial DNA sequences from Late Pleistocene remains of elaphine deer from the Emine-
Bair-Khosar Cave in Crimea, Ukraine (Stankovic et al. 2011). The absolute age of the specimens
in question is 33,100 = 400 BP and 42,000 = 1200 BP (ibidem). The mitochondrial DNA extracted
from large elaphine deer remains discovered in the Pestera cu Oase site (MIS 3, Romania) indicate
clearly that the Romanian sample falls within the “wapitoid” clade (Parfitt and Lister, 2013).

The presence of C. canadensis in the Late Pleistocene of Europe is confirmed by the finding
of the antler fragments from the upper layer of the Paleolithic site of Climauti II dated to 20 350 +
230 y. BP. The antler fragments from Climauti II are exceptionally large in comparison to those
of modern red deer and, what is most important, one of the specimens is a distal part of an antler
that represents a comb-like morphological pattern of crown shape typical for Cervus canadensis.
The antler crown consists of three tines that are situated almost in the same plane (more or less
parasagittal to the animal's main body axis). Perhaps, the remains of C. canadensis are more

frequent in the Late Pleistocene of Europe, but they in most cases are misunderstood since the
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details of the craniodental morphology of this species are little known. The following subspecies
of wapiti may be regarded as valid.

Subspecies:

Cervus canadensis spelaeus Owen, 1846

The extremely large basal antler portion from the Late Pleistocene deposits of Kent’s
Cavern (England) described by Owen (1846) as Cervus (Strongyloceros) spelaeus provoked the
long-lasting debate on the presence of wapiti (Cervus canadensis) in the Late Pleistocene of
Europe. The specimen from Kent’s Cavern recalls European red deer morphology but with large
dimensions approaching the largest modern North American wapiti antlers. Cervus strongyloceros
Schreber, 1836 (one of the synonyms of C. canadensis Erxleben) is the type species of
Strongyloceros Owen, 1846. Lydekker (1915) regarded Strongyloceros as a junior synonym of
Cervus and this viewpoint was generally followed since then. By the end of the XIX century,
several reports on the presence of large fossil wapiti-like deer in Europe appeared in the scientific
literature (see Belgrand, 1883: pl. 22, fig. 1). The analysis of mitochondrial DNA of some elaphine
deer remains from Kent’s Cavern revealed that they belong to European red deer Cervus elaphus
(Meiri et al., 2013), therefore the question on the presence of wapiti in the fauna from Kent’s
Cavern remains open. According to Geist (1998), the cave stag from Kent’s Cave was most likely
a wapiti. The antler of C. canadensis spelaeus bears two basal tines (brow and bez) separated by
a certain distance; the circumference of the beam between the brow and the bez tines, according
to Owen (1846), measures 381 mm (15 inches) and significantly exceeds the maximal value for
modern American wapiti (330.2 mm) reported by Ward (1892). This value exceeds by ca. 30% the
circumferences of other fossil forms of wapiti. The circumference above the burr attains 375 mm,
thus greatly exceeding the analogous measurements of modern European red deer Cervus elaphus
Linnaeus, which range between 220 and 230 mm (Friant, 1957). According to Geist (1998), the
basal beam circumference indicates a predicted condylobasal length of 528 mm and a body weight
of at least 550 kg lean. The circumferences above the burr of other antlers found in Kent's Cavern
range from 25 to 30 cm (Lister, 1987a) and correspond to the values of the largest modern
American wapitis (Geist, 1998). Besides the exceptionally large size, not much could be said about
the cave stag. The distal fragments of wapiti antlers described from the Late Paleolithic site
Climauti II are characterized by exceptionally large size and possibly represent a wapiti similar to
the cave stag. The length of the segment between the trez tine and the first crown tine amounts to
410 mm and exceeds by ca. 38% the analogous measurement of other known fossil forms of wapiti
(Croitor and Obada, 2018). Most of Kent's Cavern fauna from the main cave deposits has a pre-

LMG age and is dated back to 50000-25000 years before the present (Higham et al., 2011).
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Possibly, the mandible 2003-4-420-Sol of a large-sized deer from the Pleistocene of
Soleilhac (France) that was originally described as Megaceros (Megaceroides) solilhacus by
Azzaroli (1979, pl. 3, fig. 2) also belongs to C. canadensis. Besides the extremely large size (Tab.
A.7), this specimen from Soleilhac is characterized by a very long diastema. The length ratio
between diastema and lower cheek tooth row is 82.6%, approaching the mandible 2003-4-420-Sol
to modern red deer and distinguishing it from other Pleistocene large-sized deer (Croitor et al.,
2006). The mandible in question comes from the old paleontological collections of Musée
Crozatier (Le Puy-el-Velay, Haute-Loire, France), so its exact stratigraphic origin is unknown.

Cervus canadensis palmidactyloceros De Stefano, 1911

Numerous remains of a peculiar deer come from the Late Pleistocene and Early Holocene
of Northern Italy and the peat bogs of Switzerland (Riitimeyer, 1861; De Stefano, 1911). The
rather heavy antler beams are directed sideward and terminated with a strongly flattened crown
segment that bears four tines (Figs. 9C, 10B). This strong divergence of antlers may be seen also
in the antlered skull from Settecannelle, Italy (Abbazzi, 1995b: figs. 5, 7). De Stefano (1911)
reported the remarkably large size of the skeletal remains of this deer and the development of a
distal palmation that varies in breadth from 142 to 190 mm. All palmations figured by De Stefano
(1911) and Abbazzi (1995b) generally show a constant shape pattern: three crown tines that
terminate palmation are situated in the same parasagittal plane; the first crown tine is the strongest
one and in all cases is bifurcated. Sometimes this bifurcation is set in the transversal plane or looks
like a small accessory prong of the stronger first crown tine (De Stefano, 1911). The antler tines
are comparatively short and the bez tine is often missing (De Stefano, 1911; Abbazzi, 1995b). The
condylobasal length and the upper tooth row length of the skull from Settecannelle (Central Italy)
figured by Abbazzi (1995b; CBL measured from the figure is ca. 430 mm) correspond to the largest
individuals of modern C. canadensis sibiricus (according to the data of Heptner and Zalkin, 1947).
The facial part of the skull from Settecannelle is relatively short (59.5% of the CBL length) as in
modern wapiti. Some remains of this endemic wapiti form are reported from the Holocene of
southern Italy, however, the osteological remains ascribed to C. canadensis palmidactyloceros
require a thorough revision since the second coeval elaphine deer C. elaphus maral Ogilby, 1840
(probably is a senior synonym of C. elaphus aretinus Azzaroli, 1961) from Italy developed rather
robust crown tines that sometimes look as small palmations (De Stefano, 1911). This
morphological parallelism was interpreted by Abbazzi (1995b) and Di Stefano et al. (2015) as an
intraspecific variation of C. elaphus. However, there are some important morphological
distinctions between C. elaphus maral/aretinus and C. canadensis palmidactyloceros: the crown

part in the Italian maral is multiaxial and richly branched, while in the Alpine wapiti the crown
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part always consists of three main crown tines aligned in the parasagittal plane. The strongest first
crown tine normally is bifurcated and this feature is rather constant in C. canadensis
palmidactyloceros from Switzerland and Italy. The almost complete (splanchnocranium is
missing) subfossil articulated skeleton of an adult male from Balkakra, Scania (Sweden) (Ahlen,
1965: fig. 9) shows a great affinity with Alpine wapiti. The antlers of Swedish wapiti are
characterized by a pronounced compression from the sides above the trez tine and the typical
wapiti parasagittal orientation of the crown plane. The trez tine is the strongest and the longest
one. Unlike the typical form of C. canadensis palmidactyloceros, the wapiti individual from
Sweden lacks the bifurcation of the first crown tine.
Cervus canadensis tyrrhenicus Azzaroli, 1961

Azzaroli (1961) described this dwarfed insular deer from the cave deposits of Capri (Italy)
as C. elaphus tyrrhenicus. The body size is close to that of C. elaphus corsicanus and C. elaphus
barbarus, however, the teeth are relatively larger (the lower tooth series exceeds in length the
largest specimens of modern C. elaphus from France) suggesting a rapid and significant body size
reduction. Unlike C. elaphus corsicanus, the metacarpal bone in C. canadensis tyrrhenicus is
significantly shorter than the radius. The third lobe of M3 is often reduced; P4 is molarized; the
lower premolar series is relatively short and attains 58% of the molar series length; the protocone
in upper molars is supplemented with an additional enamel fold (Azzaroli, 1961: tab. 7, fig. 1) that
was never recorded in C. elaphus. The antlers are less divergent and characterized by the presence
of short brow and trez tines. The bez tine is always missing, while the distal part of the antler is
extended into a small palmation terminated with three tines situated in the parasagittal plane: the
stronger anterior crown tine that represents a continuation of the antler beam, and two smaller tines
that have a posterior position on the main antler axis. The parasagittal orientation of crown tines
in the dwarfed deer from Capri is remarkable and was noticed by Azzaroli (1961) who dedicated
a part of his discussion to morphological features of wapiti. Nonetheless, according to the state of
knowledge at that time, the occurrence of a dwarfed wapiti on a Mediterranean island was
incredible, so Azzaroli (1961) assumed that the dwarfed deer from Capri was phylogenetically
related to C. elaphus aretinus from the Late Pleistocene of Italy. However, C. elaphus aretinus is
characterized by a multiaxial crown and may be very close to, or even synonymous with, C.
elaphus maral (Croitor and Cojocaru, 2016). The fossil and subfossil remains of C. elaphus maral
from Italy were reported by De Stefano (1911), therefore, the synonymy of C. elaphus aretinus
and C. elaphus maral should not be excluded. The shape of the flattened distal portion of antlers
of C. canadensis tyrrhenicus shows a clear affinity with the antler morphology of C. canadensis

palmidactyloceros: the strong anterior crown tine corresponds to the strongest first crown tine in
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continental wapiti that represents a continuation of the antler beam; the second smaller crown tine
is a homologue of the accessory prong or bifurcation of the first crown tine in C. canadensis
palmidactyloceros. The lowermost posterior crown tine in C. canadensis tyrrhenicus is a
simplified homologue of the distalmost part of antler in continental wapiti (second and third crown
tines). This part of the antler in C. canadensis tyrrhenicus is reduced in size and has lost the
bifurcation usually reported as the second and the third crown tines in continental wapitis. The
isolation of the island population of Italian wapiti occurred during the post-glacial sea level rise.
Cervus canadensis combrayicus Croitor, 2020

This extinct form of wapiti from the Late Pleistocene of Saint-Hippolyte (Central France)
is generally as large as C. canadensis cherskii and modern C. canadensis sibiricus and by 11-15%
larger than C. canadensis palmidactyloceros. The estimated body mass of this wapiti form based
on the occipital height is ca. 364 kg according to the methodology proposed by Janis (1990). The
comparatively smaller antlers of the French wapiti may reflect the rather young individual age of
the type specimen (Fig. 3.39). Unlike C. canadensis mongoliae, the wapiti from Saint-Hippolyte
is characterized by a relatively shorter crown part and the relatively and absolutely longer proximal
portion of the antler between the bez and the trez tines. C. canadensis cherskii has rather an
intermediate position between the extreme forms of antler shape seen in C. canadensis mongoliae
from one hand, and in C. canadensis combrayicus from another hand. Unlike both C. canadensis
mongoliae and C. canadensis cherskii, the French wapiti is distinguished by the relatively small
size of the first crown tine that is deviated sideward and therefore is not situated in the same
parasagittal plane with the other two crown tines. The trez tine in C. canadensis from Saint-
Hippolyte is much smaller and is directed downward, thus representing a peculiar feature of this
fossil form.

Unlike modern C. canadensis canadedsis and closely related C. canadensis sibiricus, the
French fossil wapiti is characterized by a much stronger divergence of antlers, the longer distance
between the bez and trez tines, the downward direction of the trez tine, which is comparatively
much shorter, and the weak development of the first crown tine, which is pointed more sideward
and therefore deviates from the plane of other two crown tines. The difference from modern C.
canadensis xantopygus is much deeper: besides the all above-mentioned distinctions from other
modern wapitis, C. canadensis combrayicus 1s distinguished from C. canadensis xantopygus by
curved antler beams between the bez and trez and above the trez tine. Certain parallelism may be
seen in the weak development of the crown part of the antler in both C. canadensis from Saint-
Hippolyte and C. canadensis xantopygus. The strongly divergent antlers of the French wapiti

remind the C. canadensis palmidactyloceros, however, the deer from Saint-Hippolyte is
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distinguished from the Alpine wapiti by the lack of distal palmation, the downward direction of

the trez tine, and the unbranched first crown tine.

Genus Praedama Portis, 1920
Synonymy:
Dolichodoryceros Kahlke, 1956

Nomenclatural acts. Portis (1920) originally proposed Praedama as a subgenus of the
genus Cervus to include the large- to medium-sized deer of the Pleistocene in England and France:
Cervus falconeri Dawkins, 1868; Cervus savini Dawkins, 1868; Cervus verticornis Dawkins;
Cervus browni Dawkins, 1868; and Cervus carnutorum Laugel. This highly eclectic list of species
includes fossil cervid forms that today are included in several genera. For example, Cervus
falconeri is included in the genus FEucladoceros and is regarded here as a subspecies of
Eucladoceros ctenoides. Cervus verticornis is included in the genus Praemegaceros (Kahlke,
1969; Vislobokova, 1990; Abbazzi, 2004; Croitor, 2006a). Cervus browni Dawkins, 1868 is a
synonym of Dama clactoniana (Falconer, 1868), while Cervus carnutorum was originally based
on a mixed sample that includes remains of at least two large cervid forms (Heintz and Poplin,
1980).

Azzaroli (1953) included Cervus savini in the genus Megaceros Owen, 1844 (=
Megaloceros Brookes, 1828) and suggested that Megaceros savini was a primitive giant deer form
related to Megaloceros giganteus. This opinion was shared by Caloi and Palombo (1980), Lister
(1987, 1993), van der Made (2003, 2014, 2018), and van der Made and Tong (2008).

Kahlke (1956) proposed a new genus and species named Dolichodoryceros
suessenbornensis. Later, he included Dolichodoryceros in the synonymy of Praedama (Kahlke,
1965). According to Croitor et al. (2019), the genus Praedama Portis, 1920 should be retained,
since it reflects the particular evolutionary specialization and the specific mosaic combination of
both the advanced (very obtuse mandibular angle) and primitive (unmolarized lower fourth
premolar) characteristics, which differ from those seen in Megaloceros.

Cervus savini is recognized as the type species of Praedama; however, van der Made
(2018) reports that the nomenclatural act designating Cervus savini as the type species was never
completed. According to van der Made (2018), Kahlke (1965), who acted as the first reviewer of
Praedama, did not explicitly select a type species, but only attributed both P. savini and P.
suessenbornensis to this genus. Nevertheless, it should be clear from the context that Cervus savini
is the type species of Praedama since this species was originally included in the genus by Portis

(1920). The second species included by Kahlke (1965) in Praedama, Dolichodoryceros
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suessenbornensis, is the type species of Dolichodoryceros. Radulescu and Samson (1967)
designated Cervus savini as a type species of Dolichodoryceros, since they regarded it as a
synonym of Dolichodoryceros suessenbornensis, while Cervus falconeri Dawkins (now included
in Eucladoceros) was proposed as a type species of Praedama. Indeed, the nomenclatural acts
proposed by Radulesco and Samson (1967) introduced some confusion in the taxonomy of
Praedama and are today merely of historical interest.

Diagnosis. Medium to large-sized deer. The skull is characterized by a little flexed
braincase, a long orbitofrontal portion with the anterior edge of orbit downward projection that
passes behind M?, and a narrow, wedge-shaped basioccipitale. The antlers are characterized by a
flattened, likely bifurcated basal tine, a middle tine that is compressed from the sides, a posterior
tine, and an upright crown part that may consist of 3-4 tines. The dentition is characterized by the
absence of upper canines and a primitive morphology of Pa.

Type species. Cervus savini Dawkins, 1885.

Locus typicus. Norfolk, Suffolk.

Stratum typicum. Forest Bed Formation.

Composition: P. savini (Dawkins, 1885) (Middle Pleistocene, Western Europe); P.
novocarthaginiensis (van der Made, 2014) (late Early Pleistocene, the Iberian Peninsula); P.
matritensis (van der Made, 2018) (Middle Pleistocene, the Iberian Peninsula); P. dupuisi (Stehlin,
1912) (the final stage of Early Pleistocene, France); P. degiulii (Kahlke, 1997) (late Early
Pleistocene, Central and Eastern Europe).

Praedama savini (Dawkins, 1885)

Synonymy:

1885 Cervus savini sp. nov.: Dawkins, pl. 3, fig. 3.

1920 Cervus (Praedama) Savini Dawkins: Portis, p. 136.

1953 Megaceros savini (Dawkins): Azzaroli, p. 67, Figs. 23 D, 28 K, L, 29 C, D, 37-40.
1956 Dolichodoryceros suessenbornensis gen et sp. nov.: Kahlke, p. 40.

1967 Dolichodoryceros savini (Dawkins): Radulescu and Samson, p. 320.

1990 Praedama savini (Dawkins): Vislobokova, p. 161.
1990 Praedama suessenbornensis (Kahlke): Vislobokova, p. 161.

Nomenclatural acts. The original description of Cervus savini is based on fragments of
antler and frontal bones from the Pleistocene deposits of the Cromer Forest Bed Formation
(Dawkins, 1885). Kahlke (1956) proposed a new species, Dolichodoryceros suessenbornensis,
based on a well-preserved antlered frontlet with complete antlers from the Middle Pleistocene at
Siilenborn (Germany). The synonymy of C. savini and D. suessenbornensis has been confirmed

by Radulesco and Samson (1967), Azzaroli (1979), and Lister (1993). Caloi and Palombo (1980)
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and Ruiz-Bustos et al. (1990) also support this viewpoint and ascribe poor remains of Praedama
to P. savini. Vislobokova (1990, 2013), on the other hand, recognizes P. suessenbornensis as a full
species. According to Vislobokova (2012, 2013), P. suessenbornensis differs from P. savini in the
weaker divergence of its antlers, the narrower first tine, and various features of branching in the
distal part of the antler. The diagnostic differences may represent individual and/or ontogenetic
variation, while characteristics such as the relative breadth of the basal tine and the divergence of
antlers are difficult to estimate, as no complete antlered skulls are known from the Forest Bed
Formation, and no antler specimens with complete basal tine have been reported to date.

Description. The antler base of Praedama savini is square-shaped (Dawkins, 1887: pl. 3,
fig. 3). This specific cross-sectional outline evolves partially as a result of the development of the
flattened basal tine, given that both margins of the basal tine extend on the antler base with well-
expressed ribs. The basal part of the flattened tine is set obliquely to the beam axis, while its cross-
section is triangular or rhombus-shaped. The antler beam above the first tine becomes compressed
in the lateromedial direction, while there is no lateral groove on the beam and the basal tine.

Almost nothing is known about the cranial morphology of P. savini. The obtuse angle
(140°) between the horizontal and ascending parts of mandible M17537 (NHML) from the Forest
Bed Formation suggests that the facial part of the skull was elongated. The correlation between
the elongated face — an advanced evolutionary characteristic in cervids (Vislobokova, 1990) — and
the obtuse angle between the ascending and horizontal parts of the mandible characterizes, for
example, the modern red deer. The mandibular angle in giant deer Megaloceros giganteus is much
narrower (105° in the specimen M2328, NHML) and indicates more primitive cranial proportions
with a relatively shorter splanchnocranium (or orbitofrontal segment of splanchnocranium) than
in P. savini, thus ruling out a direct evolutionary relationship between these two cervid species.

It is unclear whether the Middle Pleistocene remains from the Iberian Peninsula reported
as P. savini are the same form as Praedama from Siilenborn and the Forest Bed Formation or
should be regarded, at least, as a different subspecies. The virtually complete antler of Praedama
from Pinedo, reported tentatively by Martin Aguado (1962) as Eucladoceros, shows a more
complicated and richly branched crown with a comb-like pattern reminiscent of Eucladoceros, but
quite distinct from the simple three-tined crown of the well-known specimen from SiiBenborn
(Kahlke, 1956: pls. 15-16). The general bauplan of Praedama antler from Pinedo corresponds to
the antler bauplan of M. giganteus.

Distribution. The Middle Pleistocene of the Tiraspolian Gravel (Moldova) has yielded
easternmost remains attributed to P. savini, as reported by Kahlke (1971). The richest and most

diverse paleontological record of Praedama in Europe comes from the Iberian Peninsula, where
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remains of P. savini have been identified at several Middle Pleistocene sites (Andres and Aguirre,
1974; Kahlke, 1971; Ruiz-Bustos et al., 1990). In addition, a well-preserved shed antler
(IPS13370) from the D7 layer of Cal Guardiola (Terrassa, Northeast Iberia) reported by Madurell-
Malapeira et al. (2010) as Praemegaceros verticornis actually belongs to Praedama.
Praedama novocarthaginiensis (van der Made, 2014)

Synonymy:
1981 Megaceros (Megaceros) savini (Dawkins): Carbonell et al., p. 50, figs 4-5.
2014 Megaloceros novocarthaginiensis sp. nov.: van der Made, p. 276, figs. 3-16.

Nomenclatural acts. The fossil remains from the Early-Middle Pleistocene of Cueva
Victoria were initially identified as Praedama savini by Carbonell et al. (1981). However, later
research by van der Made (2014) established a new species, Megaloceros novocarthaginiensis,
based on the Praedama material from this site. According to van der Made, the new species comes
from the latest Early Pleistocene and can be distinguished from P. savini by its larger size, higher
position of the basal tine, and lower degree of mandibular pachyostosis.

Diagnosis. The body size is larger than in genotype species. The basal tine of antler has a
higher position than the type species. Metapodials are relatively short.

Locus typicus. Cueva Victoria, Spain.

Stratum Typicum. The late Early Pleistocene deposits of Cueva Victoria.

Description. Van der Made (2014) used differential diagnostic characters, such as size
difference and height of the basal tine, but these may represent intraspecific individual variation.
The height of the basal tine position in the specimens described by van der Made (2014) is quite
variable. However, the measurements of the type specimen CV-BL1-250+251, including the
height of the basal tine, match perfectly with those of the pedicles and basal portions of antlers of
the antlered frontlet M6301 from the Forest Bed of East Runton, Norfolk. Therefore, the synonymy
of M. novocarthaginiensis with P. savini is quite probable if one takes into account the diagnostic
characteristics reported by van der Made (2014).

As for mandibular pachyostosis, there is no clear evidence of its particular development in
P. savini. This is because the mandibles tentatively ascribed to this species are not directly
associated with antlers (Azzaroli, 1953), and thick mandibles of medium-sized cervids that might
be associated with the antlers of P. savini from the Forest Bed Formation or SiiBenborn are
unknown. For example, the aforementioned mandible M17537 from the Forest Bed Formation
does not present any unusual degree of thickening of its horizontal ramus that might be considered

pachyostosis.
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Praedama dupuisi (Stehlin, 1912)
Synonymy:

1912 Cervus (Megaceros) dupuisi sp. nov.: Stehlin, p. 201, pl. V, figs. 10, 11.
1953 Megaceros dupuisi (Stehlin, 1912): Azzaroli, p. 52.

1997 Eucladoceros giulii sp. nov. (partim.): Kahlke, p. 229, fig. 26.

2003 Peaemegaceros verticornis (Dawkins): Guerin et al., p. 71, fig. 9.

2004 Arvernoceros giulii (Kahlke, 1997): Croitor and Kostopoulos, p. 149, fig. 10.
2018 Rucervus (Arvernoceros) giulii (Kahlke, 1997): Croitor, p. 4.

Nomenclatural acts. This cervid form was originally described by Stehlin (de Grossouvre
and Stehlin, 1912) as a megacerid species. However, the publication did not receive much
attention. According to Stehlin (as cited in Bonifay, 1971), Megaceros dupuisi is also present in
the fauna from Saint-Prest. Guerin et al. (2003), who revised the fauna from Saint-Prest,
considered Megaceros dupuisi a junior synonym of Praemegaceros verticornis. The species name
Cervus (Megaceros) dupuisi Stehlin, 1912 is available and cannot be declared a nomen oblitum
since it has been used continuously (Azzaroli, 1953; Bonifay, 1971).

Diagnosis: a large-sized deer similar in size to modern wapiti. Pedicles are cylinder-shaped
and moderately divergent. Antlers are characterized by the high position of flattened bifurcated
first tine with an oblique orientation of its transversal axis. P4 is primitive and unmolarized.
Mandibles show a weak or moderate pachyostosis.

Holotype: mandible figured by Stehlin (1912)

Locus typicus: Rosieres, Cher Department, France.

Stratum typicum: sand deposits of Rosieres Quarry, Early Pleistocene.

Description. A fragment of the skull with the proximal fragment of the right antler SPP-
66 (MNHN) from a large deer found in Saint-Prest, France (MNQ20, ca. 1.0 Ma), was initially
identified as Praemegaceros verticornis (Guerin et al., 2003). However, unlike P. verticornis, the
specimen SPP-66 has concave frontal bones, cylindrical pedicles with a circular cross-section (dx
DLMxDAP = 75.0x66.8 mm), lacks bony burelets on the median side of the pedicle base, and has
an oval cross-section of the first tine situated on the anterior side of the antler beam. The mandible
SPR-73 (dx) shows a primitive unmolarized P4 with a small enamel islet between the parastylid
and paraconid, as seen in the large deer from Apollonia. The horizontal ramus of the mandible is
rather robust, showing an early stage of pachyostosis evolution.

Another large-sized deer from the Late Villafranchian fauna of the Vallonnet Cave (South
France) was also reported as Praemegaceros cf. verticornis (Moulle et al., 2006). The deer from
Vallonnet is characterized by a simple P4, vestigial cingulum in upper molars, and small protoconal
fold observable in little worn molars. Antlers are robust (DAP of antler base in specimens Nr. 132

and Nr. 368, RMPM, is 69.6 mm and 65.0 mm, respectively), characterized by the high position
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of basal tine (101.3 mm in the specimen Nr. 132) and the strong bending of the beam toward the
posterior at the level of the first ramification
Praedama giulii (Kahlke, 1997)
Synonymy:
1997 Eucladoceros giulii sp. nov.: Kahlke, p. 225, tab. 40, 1-6.
2004 Arvernoceros giulii (Kahlke, 1997): Croitor and Kostopoulos, p. 149, fig. 10.

Diagnosis. A very large deer with long and thin limb bones. The braincase is a little flexed
and the orbitofrontal portion of the skull is elongated: the anterior edge of orbits is situated more
caudally than the posterior edge of M>. Mandibles are characterized by weak pachyostosis. Upper
canines are missing. The lower fourth premolar (P4) is primitive. Basal tine is flattened and
bifurcated. The middle tine is long and straight. The crown part of the antler is comb-shaped.

Locus typicus: Untermassfeld (Germany).

Stratum typicum: the late Early Pleistocene deposits of Untermassfeld.

Description. The large deer from Untermassfeld had a body mass of approximately 400
kg and is characterized by a relatively primitive dentition with long lower premolars, simple
unmolarized P4, and extremely long limb bones (Kahlke, 1997). Although antler material from
Untermassfeld is represented by poor fragments, one complete juvenile antler has been found with
a flattened bifurcated basal tine and a distal bifurcation. Kahlke (1997) proposed a hypothesized
reconstruction of the antler based on available fragments, including a distal fragment that was
interpreted as a comb-like crown of FEucladoceros. However, the juvenile antler from
Untermassfeld does not recall any ontogenetic stage of development in comb-antlered
Eucladoceros, while the details of dental morphology and some cranial features suggest an
evolutionary divergence between E. ctenoides and the deer from Untermassfeld that share only the
basic for Cervinae primitive characters. The strong flattened and bifurcated basal tine of Praedama
giulii that shows its strong development at the earliest stages of ontogenetic development is rather
reminiscent of the antler shape of R. (Arvernoceros) verestchagini David, 1992 from the Early
Pleistocene of southeastern Europe (Croitor and Kostopoulos, 2004). Breda et al. (2020) published
a figure of the complete female skull QW 1992/23910 from Untermassfeld, which reveals
interesting morphological characteristics indicating the systematic position of P. giulii. Unlike
Eucladoceros and R. (Arvernoceros), the upper canines are missing in P. giulii. Additionally, the
basioccipital is rather narrow, not bell-shaped as in Eucladoceros. The orbitofrontal portion is
rather long, with the anterior edge of the orbit situated above the caudal edge of M?, as predicted
for Praedama savini. The nasal bones are moderately long and reach the imaginary line connecting

the anterior edges of the orbits. The braincase is slightly flexed, and its relative length is equivocal
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but somewhat longer than in Eucladoceros, with the distance between bregma and inion (=
opisthocranion) in specimen QW 1992/23910 roughly equal to the braincase breadth. Unlike
Eucladoceros, the antlers of P. giulii do not possess the supplementary prong in the area of basal
ramification. According to Breda et al. (2020), the flattened basal tine of antlers from
Untermassfeld is reminiscent of P. savini. It is noteworthy that the distal "comb-like" fragment of
antler IQW1982/18587 from Unretmassfeld (Kahlke, 1997) is very similar to the crown part of the
antler from Pinedo (Aguado, 1962). Therefore, one could argue that the large deer forms from
Untermassfeld and Pinedo belong to closely related species or even the same species.

Comments. Based on the extremely large size of postcranial bones, Kahlke (1997) and van
der Made (1998, 1999) attributed all the late Villafranchian large deer remains from Atapuerca
and Venta Micena in Spain, Wiirzburg-Schalksberg in Germany, Apollonia in Greece, and
Akhalkalaki in Georgia to this peculiar long-limbed large-sized species.

Distribution. Late Early Pleistocene (Epivillafranchian) of Europe (France, Germany,
Moldova).

Praedama matritensis (van der Made, 2019)

Synonymy:

2019 Megaloceros matritensis sp. nov.: van der Made, p. 116, fig. 3.

Diagnosis: The species has a body size similar to that of modern red deer from the Iberian
Peninsula. The pedicles and antlers exhibit strong divergence. The mandibles are pachyostotic,
and the upper molars lack cingulum. The lower fourth premolar (P4) is unmolarized.

Locus typicus: the Manzanares Valley (Madrid Area, Spain).

Stratum typicum: the Middle Pleistocene deposits of the Manzanares Valley.

Description. Praedama matritensis is primarily diagnosed based on well-preserved
mandibles and lower teeth morphology, as well as its relatively small size (van der Made, 2019).
The mandibles of this species exhibit a remarkably inflated horizontal ramus, which van der Made
(2018) correctly described as pachyostotic, as well as a strongly convex lower margin, an obtuse
mandibular angle (130°), and the primitive morphology of P4 (van der Made, 2019: Fig. 6).
Although the validity of this species is not in question, some of the postcranial elements attributed
to it may actually belong to a larger cervid form.

The pachyostosis of the mandible in P. matritensis is an intriguing morphological and
paleobiological characteristic that requires special attention. All mandibles of P. matritensis
exhibit pachyostosis, which thus represents a stable specific character of this cervid form (van der

Made, 2019).
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Pachyostosis in ruminants is considered by Morales et al. (1992) to be an adaptive
physiological response to environmental change. The pachyostotic parts of the skeleton act as
"bone sinks", where excess bone tissue can be stored during seasons of abundant nutritious
vegetation. In cervids, cranial pachyostosis represented a similar secondary metabolic response to
environmental factors, primarily low primary ecological production and marked seasonality
(Morales et al., 1992; Croitor, 2016). The relatively dry or even arid environmental conditions of
certain Pleistocene Iberian sites, including Venta Micena (sclerophyllous woodlands), Atapuerca
(steppes), and Huescar 1 (deserts), were reported by Hernandez Fernandez et al. (2006). Therefore,
the unusual mandibular pachyostosis observed in P. matritensis could be attributed to arid climate
pulses during the Pleistocene that shaped the specific conditions of local evolutionary processes.
Mandibular pachyostosis has only been described in members of the subfamily Cervinae and does
not correlate with body size or relative antler size. It has been observed in small Sinomegaceros
robustus (the size of modern roe deer) from the Late Tertiary in Kazakhstan, large Megaloceros
giganteus from the Middle and Late Pleistocene in mid-latitudes of Eurasia, and medium-sized
Megaceroides algericus from the Late Pleistocene in North Africa (Croitor, 2016). The only
characteristic these species share is their occurrence in extreme peripheral regions of the
distribution area of the subfamily Cervinae (i.e., arid zones of Central Asia and North Africa and
the plains of Eurasia with dry continental climate), where they would have been exposed to
stressful environmental conditions, including seasonal (or perhaps even irregular) declines in
forage supply. Thus, additional mineral deposits in the pachyostotic bones would have been
strategically important for their survival. It can be assumed that P. matritensis from the Middle
Pleistocene in the Iberian Peninsula evolved mandibular pachyostosis in similarly arid
environmental conditions combined with regular or irregular declines in vegetation forage supply.
It should be emphasized that the Iberian P. matritensis may be considered a paleobiogeographic
counterpart of the North African M. algericus, which also evolved a remarkable degree of cranial

and mandibular pachyostosis (Croitor, 2016).

Genus Leptocervus Capasso Barbato, 1990
Nomenclatural acts: Leptocervus was first introduced as a subgenus of Cervus in the
Mediterranean insular deer overview by Capasso Barbato (1990). The original publication did not
provide a diagnosis and type species designation. From the publication, it is clear that Capasso
Barbato (1990) included three endemic species from the Late Pleistocene of Crete in the

composition of Leptocervus: Candiacervus rethymnensis Kuss, 1975, Cervus major Capasso
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Barbato and Petronio, 1986, and Cervus (Leptocervus) dorotensis, which was named for the first
time. Later, Capasso Barbato (1992) published a formal diagnosis of Lepfocervus and designated
Cervus (Leptocervus) major as the type species. It is worth noting that the species name Cervus
major Capasso Barbato and Petronio, 1986 is likely invalid as it is a primary homonym of several
earlier species names, which are, however, not in use in most cases. These include Cervus axis
major Kerr, 1792, Cervus mantschuricus major, Cervus major Ord, 1815 (a junior synonym of
Cervus canadensis), and Cervus (Subulo) simplicornis major, Wagner, 1855. For further details,
refer to Lydekker, 1915.

Composition: Leptocervus major (Capasso Barbato and Petronio, 1986) (Crete, Late
Pleistocene), Leptocervus dorotensis Capasso Barbato, 1990 (Crete, Late Pleistocene).

Leptocervus dorothensis Capasso Barbato, 1990

Nomenclatural acts: the relatively large cervid from the Grotto of Bate was first reported
by Capasso Barbato (1990) as Cervus (Leptocervus) dorothensis. The original publication contains
a figure of a complete and well-preserved metatarsal bone ascribed to the cervid form in question
and a brief characterization of the species. However, the original description does not provide a
formal diagnosis of the new species. Capasso Barbato (1990) suggested that the new species is
closely related to Cervus rhenanus Dubois and Cervus pelloponesiacus Sickemberg, and placed
the Cretan deer in the subgenus Leptocervus to emphasize its endemic character. Later, Capasso
Barbato (1992) redescribed the species in question, providing a diagnosis ans specifying the
distribution, type level, and type specimens. Capasso Barbato (1992) designated the right radius
Nr. 25 as a holotype. The author also designated a series of paratypes, including the left metatarsal
Nr. 36 (ibidem: fig. 5, h, j), which is likely figured in the first publication where the species name
appeared for the first time. Therefore, the left metatarsal Nr. 36 is the holotype. The antler and
craniodental remains of the species are still unknown, leaving its systematic position unclear.
Schilling and Roessner (2021) included the species in the genus Candiacervus, but since the
relationship of Leptocervus dorothensis to Candiacervus cannot be demonstrated, the genus name
Leptocervus 1s maintained here.

Diagnosis. A rather large deer similar in size to Eucladoceros and ca 20 % smaller than
the type species Leptocervus major. Metapodials are elongated and slender. The length of the
metatarsal attains 315 mm. The distal epiphysis of the metatarsus is somewhat inflated, but in
lesser degree than in L. major.

Holotype: a complete left metatarsal Nr. 36 (Capasso Barbato, 1990: fig. 2, the second
specimen from the right; 1992: fig 5, h, j).

Locus typicus: Bate Cave, Crete, Greece.
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Stratum typicum: the Upper Pleistocene deposits of the Bate Cave.

Description. The metatarsal from Bate Cave is similar in size to Eucladoceros ctenoides
and Rucervus radulescui, but it has a distinct morphology. The metacarpal of C. dorothensis is
slender and characterized by a specific inflation of the distal part of the diaphysis, which terminates
with a narrow epiphysis. Unlike R. radulescui, the condyles of the distal epiphysis are poorly
expressed. The remarkably elongated metapodials of L. dorothensis suggest a possible
phylogenetic relationship between this insular deer and continental Praedama degiulii (Kahlke,
1997) from the final stage of the Early Pleistocene in Untermassfeld, Germany. Both L.
dorothensis and P. degiulii are characterized by elongated metapodials, which represent one of
their main diagnostic features (Kahlke, 1997). However, the possible relationship between L.

dorothensis and P. degiulii requires further investigation.

Genus Megaloceros Brookes 1828

Nomenclatural acts. The traditional view of Megaloceros encompasses all giant Cervinae
forms from western Eurasia, including their supposed smaller ancestors and insular dwarfed
descendants (Azzaroli, 1953, 1979; Lister, 1994). However, this concept is no longer widely
accepted, as it has become clear that the group of giant deer is better understood as comprising
several independent lineages that share similar eco-morphological characteristics, but are
phylogenetically distant from each other (Vislobokova, 1990, 2012; Croitor, 2006a).

Type species: Alce gigantea Blumenbach, 1799.

Composition: Megaloceros giganteus (Blumenbach, 1799) (the Middle Pleistocene to
Holocene, middle latitudes of central and western Eurasia); Megaloceros mugharensis (di Stefano,
1996) (the Middle Pleistocene of Near East).

Megaloceros giganteus (Blumenbach, 1799)

Synonymy:

1799 Alce gigantea [sp. nov.]: Blumenbach, p. 197.

1822 Cervus hibernus [sp. nov.]: Desmarest, p. 446.

1825 Cervus megaceros [sp. nov.]: Hart, p. 23, pls. I-111.

1827 Cervus (Dama) giganteus (Blumenbach, 1799): Cuvier, p. 306.
1828 Megalocerus antiquorum [sp. nov.]: Brookes, p. 61.

1830 Cervus euryceros (Aldrovandi, 1621): Hibbert, p. 301, pl. 111, fig. 9.
1834 Cervus euryceros irlandicus [ssp. nov.]: Fischer, p. 160.

1838 Cervus megalocerus (Hart, 1825): Fischer, p. 534.

1844 Cervus (Megaceros) hibernicus [sp. nov.]: Owen, p. 237.
1846 Megaceros hibernicus (Owen, 1844): Owen, p. 444, fig. 182.

216



1892 Cervus (Euryceros) hiberniae (Owen, 1844): Pohlig, p. 217, fig. 1, 2.

1929 Cervus giganteus (Blumenbach): Reynolds, p. 1.

1935 Megaceros euryceros latifrons ssp. nov.: Raven, p. 178, fig. 1-13.

1953 Megaceros giganteus (Blumenbach, 1799): Azzaroli, p. 48.

1962 Megaloceros giganteus (Blumenbach, 1803): Godina et al., p. 374, fig. 496.
1987 Megaloceros giganteus (Blumenbach, 1799): Lister, p. 255.

2006 Megaloceros giganteus irlandicus (Fischer, 1834): van der Made, p. 125, fig. 10.

Nomenclatural acts. Cuvier (1823: p. 72, tab. VII: figs. 1, 2, 3, 4) provided a quite detailed
description and measurements of the skull from the “Royal Cabinet” (now Musée nationale
d’histoire naturelle in Paris; the specimen was donated by Colonel Thornton). Cuvier (1823)
proposed to consider this specimen as a type of Megaloceros giganteus (neotype according to the
rules of the International Code of Zoological Nomenclature). Thus in the absence of the original
material, this specimen may be regarded as a neotype. Hibbert (1830) proposed to use the species
name Cervus euryceros taken from Aldrovandi’s interpretations of antique texts. This name has
been used in old publications for the designation of the "continental" forms of giant deer.
Nonetheless, Aldrovandi’s “cervus euryceros” is unavailable, since according to Article 3.2 of the
International Code of Zoological Nomenclature no name published before 1758 enters zoological
nomenclature (Berckhemer, 1941).

The type specimen of Megaloceros giganteus used by Blumenbach (1799) for the species
description remained unknown for a long time (van der Made, 2006). The original Blumenbach’s
(1799: 697) description of Alce gigantea provides quite scanty information about the species,
specifying only that this particular kind of “fossil elk” comes from Ireland and is characterized by
immense body size. The skull of giant deer is almost an ell long and the distance between summits
of antlers may attain 14 feet (ca. 4.3 m) (Blumenbach, 1799). The original description does not
provide any reference. Blumenbach (1799) specifies in a quite imprecise way the type locality
(Ireland) and provides only two measurements, the skull length and the antler span. Nonetheless,
the available information is sufficient and allows the identification of a specimen with the quoted
characteristics. The publication of Blumenbach was preceded by only five reports of giant deer
findings from Ireland that are enlisted here in chronological order: 1) the antlered skull from
Dardistown near Drogheda (Molyneux, 1697); 2) the shed antler found near Downpatrick, North
Ireland (Kelly, 1727); 3) the antlered skull found near Dunleer, Ireland (Wright, 1748); 4) the
antler found in 1783 near Dromore, County Down, North Ireland (Cuvier, 1823); and 5) the
antlered skull found near the Nobber Village, Ireland (Razoumowsky, 1786). The antlered skull
from Dunleer environs that Wright (1748) studied when he visited Barmeath Castle represents a

particular interest, since its measurements—namely the unusually large distance between the antler

217



summits—fully correspond to the antler span measurement quoted by Blumenbach (1799).
Therefore, following Articles 72.4.1.1 and 72.4.5 of the International Code of Zoological
Nomenclature, the antlered skull from Dunleer environs is designated here as the holo-type of
Megaloceros giganteus (Blumenbach, 1799). Apparently, Blumenbach (1799) was aware of other
specimens discovered in Ireland at that time and they potentially may be considered as paratypes.
However, we have no indications of which other specimens were known to Blumenbach (1799).
The holotype of Megaloceros giganteus is currently exposed in Barmeath Castle near Dunleer,
County Louth (Ireland). The area where the type specimen of giant deer was discovered should be
considered as the type locality of M. giganteus (Blumenbach, 1799).

Holotype: antlered skull from Barmeath Castle figured by Wright (1748).

Locus Typicus: environs of Dunleer, Ireland.

Stratum typicum: the Late Pleistocene of Ireland.

Description. The material from Ireland shows a meaningful split in metacarpal length and
robustness. The metacarpals of mounted skeletons of the female exposed in the Paleontological
Gallery of Paris, the male from the Natural History Museum "Grigore Antipa" of Bucharest, the
male from Athlone (Ireland), the male from an unidentified Irish site exposed in the Museum of
Nature of Wroclaw, and the skeleton from Enniscorthy (Ireland; stored in the Sedgwick Museum
of Cambridge) described by Reynolds (1929) are short and relatively robust, overlapping with the
sample from Bruine Bank (Croitor et al., 2014). The metacarpals of the mounted male skeletons
from the Paleontological Gallery of Paris and the Paleontological Institute of Munich are
particularly long approaching the giant deer from Schlutup (Germany) and Sapozhok (Russia).
This group of specimens corresponds to van der Made's (2006) Late Devensian group of
"intermediate type of metapodials". Regarding the relative length of the upper premolar series, the
sample from Ireland again is divided into two groups: the small group of specimens with relatively
long premolar series that overlap with the main part of the sample from the Rhine basin, North
Kazakhstan, and the specimen from Brinzeni-1 (Moldova), and the group with relatively short
premolar series that may be approached to the larger specimen from Sapozhok (Croitor et al.,
2014). It is difficult to confirm the relationship between the limb proportions and the tooth series
proportions taking into consideration only the mounted skeletons of giant deer from Ireland, since
those showpieces originally were subjects of commercial selling and we don't know if the skeletons
are genuinely articulated, or (what is more probably) compiled. Therefore, it is very difficult to
define the "typical Irish" subspecies M. giganteus giganteus, since the material from Ireland
includes both the "robust" and "long-limbed" types of giant deer. Van der Made (2006) and Lister

(1994) regarded the "typical" giant deer from Ireland as one of the most long-limbed forms.
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According to van der Made (2006), the relatively slender Irish form of giant deer arrived in
Western Europe 10-13 Ka from Eastern Europe.

The skeleton of giant deer from Sapozhok (Ryazan, Russia) stored in the Paleontological
Institute, Moscow (collection number PIN-337) is a genuinely articulated skeleton that is
important for our understanding of the Irish material. This is a long-limbed large form
characterized by the antler shape as in M. giganteus from Ireland, the well-developed cingulum in
upper molars, and the particularly short premolar series, thus suggesting the association of long
limbs with short premolar series (Croitor et al., 2014). The presence of large long-limbed giant
deer with advanced dentition in Eastern Europe supports the hypothesis of van der Made (2006)
on the immigration of the "classical Irish" form of Megaloceros giganteus from the East around
13 ka. The older remains of giant deer are described as several subspecies distinguished mostly by
their antler morphology.

Subspecies:

Megaloceros giganteus antecedens Berckhemer, 1941 from the Holsteinian of Steinheim,
Germany (ca. 400 or 300 kyr BP), is the oldest giant deer form in Europe that is considered as a
primitive forerunner of M. giganteus ruffii and M. giganteus giganteus (Azzaroli, 1953; van der
Made, 2003; Vislobokova, 2012). Azzaroli (1953) granted Berckhemer's giant deer the full
specific rank because of the remarkable shape of its antlers. The antlers of M. giganteus antecedens
are most deviant if the Irish giant deer is regarded as a "typical" form: the basal tine in the deer
from Steinheim is transformed into a broad plate-shaped palmation, the middle tine adjoined the
distal antler palmation, the crown tines are inserted on anterior and distal sides of palmation, while
the posterior tine is very large and flat, therefore the general shape of the distal part of the antler
is rather elk-like. Kahlke (1999) noticed a conspicuous morphological affinity of M. giganteus
antecedens with Sinomegaceros pachyosteus from Zhoukoudian and explained this affinity as a
morphological parallelism in similar ecological circumstances. This subspecies is characterized by
the long nasal bones that extend behind the anterior orbital line, the small but visible preorbital
fossae, and elongated distal portions of limbs. The cingulum in the upper molars is not developed.

Megaloceros giganteus ruffii Nehring, 1891 from Kottbus area (Germany) characterized
by the smaller antler span, the broader palmation and the crown tines inserted on the distal edge
of the palmation (not on the anterior side as in Irish giant deer). The antlered skull Nr.
6517.5.9.73.4 from Bruhl (SMNH) ascribed to this subspecies (Vislobokova, 2012) is
characterized by rather large and deep preorbital fossae, closed ethmoidal orifices, smooth and
irregularly rounded bullae tympani, and protruding orbits. The cingulum in the upper molars is not

developed.
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Megaloceros giganteus germaniae Pohlig, 1892 is characterized by a more compact antler
crown, and a frontal orientation of palmations, which become more visible during the frontal visual
contact of their bearer with a rival. Its antler crowns are strongly bent medially and toward the
posterior, the middle tine normally is separated from the palmation.

Megaloceros giganteus italiae Pohlig, 1892 is generally characterized by a similar type of
antler shape, as M. giganteus ruffii and M. giganteus germaniae, however, its medial tine often
adjoins the distal palmation (Pohlig, 1892). According to van der Made (2006) and Vislobokova
(2012), the subspecies names ruffii, germaniae and italiae are synonymous. Possibly, the Italian
giant deer should be maintained as a separate subspecies, since the antlered skull IGF11630
(MGUF) is very distinct from the Irish, German, and East European samples in its relatively broad
braincase: the index DN1/LBr in the skull from Tuscany is 129.9%, while in the lumped data for
Irish and German samples varies between 85.4% and 101.1% (Croitor, work in progress).

Van der Made (2006) distinguished in the sample from the Rhine basin and the North Sea
two morphological forms of giant deer: the older Holsteinian/Hoxnian and Saalian/Wolstonian M.
giganteus “antecedents/germaniae” with slender metacarpals, and younger Eemian M. giganteus
ssp. with robust metacarpals. The majority of findings from Poland, Ukraine, and Moldova belong
to the giant deer form characterized by the relatively long upper and lower premolar series and the
vestigial or missing cingulum in upper molars. This form of giant deer is close to the "robust type"
described by Lister (1994) and van der Made (2006). The giant deer from Bisnik Cave (70-60 ky
BP; Poland) seems to be close to M. giganteus ruffii, but a definite conclusion is not possible, since
antlers of the Polish form are not known. The female skull of the giant deer from Bi$nik Cave is
characterized by the shallow, but clearly outlined preorbital fossae (their depth is 5.5 mm), the
short nasal bones that do not reach the imaginary line connecting the anterior edges of orbits, the
weak development of cingulum in upper molars, and the rather short massive metacarpus, which
is somewhat smaller than the metacarpal bone found in the association with the type specimen of
M. giganteus ruffii (Croitor et al., 2014). It is difficult to classify the shape of the metacarpal from
Bisnik as robust or slender since it is characterized by a relatively narrow distal epiphysis and a
rather massive shaft. The lower mandibles from Bisnik are characterized by the relatively long
premolar series (61.9-65.6%, n=3) and stand closer to large individuals of the sample from the
Rhine Bassin stored in SMNH.

Megaloceros mugharensis (di Stefano, 1996)

Synonymy:

1996 Dama clactoniama mugharensis ssp. nov.: di Stefano, p. 304, figs. 3, 4.
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Diagnosis: A middle-sized cervid with relatively short and robust limb bones. The basal
tine of the antler is flattened and bifurcated. The antler becomes flattened in the area of the middle
tine. Upper molars are supplemented with a weak cingulum. The lower premolar series is relatively
long and attains 66% of the molar series length. The lower fourth premolar is molarized.

Locus typicus: Tabun, Israel.

Stratum typicum: the Middle Pleistocene deposits of Tabun.

Description. The remains of this medium-sized deer are highly fragmented but nonetheless
interesting. The antlers are characterized by a strong bifurcated, flattened basal tine located near
the burr. The angle between the basal tine and the beam is obtuse. The proximal section of the
antler beam is flattened, and a variable middle tine is situated around 10-15 cm from the burr (D1
Stefano, 1996). Di Stefano (1996) described Dama clactoniana mugharensis from the Middle
Pleistocene of Tabun E, Middle East, as a transitional form between Dama clactoniana from the
Middle Pleistocene of Europe and modern Dama mesopotamica. However, this assumption is
unlikely since D. clactoniana typically features a simple, cylinder-shaped basal tine and does not
develop flattened bifurcated variants, although supernumerary and even bifurcated crown and
middle tines are common in this species (Leonardi and Petronio, 1976). The antlers of D.
mesopotamica, on the other hand, are characterized by a significantly reduced size of the basal
tine, indicating an evolutionary specialization opposite to that of Megaloceros mugharensis.

In my opinion, the flattened bifurcated basal tine situated near the burr and the obtuse angle
of the first ramification bring the cervid from Tabun closer to M. giganteus. Di Stefano (1996) also
reported a comparatively strong development of basal structures in the upper molars (entostyle
and the "anterior and posterior cingulum"), which correspond to the frequent development of the
cingulum in M. giganteus. The lower premolar series appears to be relatively long (66%, based on
photographs in Di Stefano, 1996) and represents a primitive condition similar to the primitive form
of M. giganteus from Rhine Bassin. The combination of antler morphology and the length of the
premolar series is significant for the systematic classification of this cervid. The relatively long
premolar series of M. mugharensis is more primitive than that of D. clactoniana from Riano (the
premolar/molar index is 58.3%) and is still more primitive than Early Pleistocene Dama
vallonnetensis from Capena (the premolar/molar index is 58.1%) and Pirro Nord (56.8%).
Therefore, the long premolar series of M. mugharensis eliminates the possibility of a close
relationship between this deer and the Pleistocene fallow deer. Limb bones are described as squat
(radius length is approximately 215-220 mm and mid-shaft breadth is around 29 mm; Di Stefano,

1996: fig. 8), indicating a body size reduction similar to that of C. elaphus rianensis.
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Based on these characteristics, it can be assumed that the medium-sized cervid from the
Near East is a dwarfed primitive form of the giant deer Megaloceros mugharensis (Di Stefano,
1996). 1t is possible that M. mugharensis and M. giganteus antecedens belong to the earliest

dispersal event of giant deer into the western Palearctic.

Genus Megaceroides Joleaud, 1914

Nomenclatural acts. Joleaud (1914) created the subgenus Megaceroides within the genus
Cervus for an endemic odd cervid Cervus algericus Lydekker, 1890 (=Cervus pachygenys Pomel,
1893) from North Africa to underline its assumed archaic character and transitional systematic
position between Megaloceros and Dama. Arambourg (1932, 1938) reported some new important
findings of cervid cranial remains from the Late Pleistocene of Algeria (Guyotville) and Morocco
(Ain Tit Mellil) that permitted him to elevate Megaceroides to the genus level. Joleaud (1914)
stressed the affinity between M. algericus and the European giant deer, assuming for the African
form an intermediate position between Megaloceros and Dama. Azzaroli (1953) divided all giant
deer into two phylogenetic branches: the "Megaceros giganteus group”, which also included Asian
Sinomegaceros regarded as the terminal evolutionary branch of this group, and the “Megaceros
verticornis group” with M. algericus associated with “M”. verticornis and other related forms.
Ambrosetti (1967) gave the formal taxonomical status to Azzaroli’s informal groups: he divided
the genus Megaceros Owen, 1843 (junior synonym of Megaloceros Brookes, 1828) into subgenera
Megaceros (Azzaroli’s “giganteus group”), and Megaceroides (“verticornis group”). The assumed
close phylogenetic relationship between Megaceroides algericus and Praemegaceros verticornis
was based on a single morphological character: the flattened frontal bones (Azzaroli, 1953, 1979;
Ambrosetti, 1967). The detailed study of the cranial and dental morphology of Megaceroides
algericus revealed its deep evolutionary specialization and the significant morphological and
phylogenetic remoteness from Praemegaceros verticornis and other allied Praemegaceros forms
(Croitor 2004, 2006a).

Megaceroides algericus (Lydekker, 1890)

Synonymy:

1890 Cervus algericus sp. nov.: Lydekker, p. 602, fig. 1.

1892 Cervus pachygenys sp. nov.: Pomel, p. 213.

1893 Cervus pachygenys (Pomel): Pomel, p. 35, pl. VI, figs. 1-7, pl. VIII, figs. 1-4.
1914 Cervus (Megaceroides) algericus Lydekker: Joleaud, p. 737.

1938 Megaceroides algericus (Lydekker): Arambourg, p. 33, fig. 8.

1953 Megaceros algericus (Lydekker): Azzaroli, p. 47, p. 51.
1967 Megaceros (Megaceroides) algericus (Lydekker): Ambrosetti, p. 272.
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1990 Megaceros (Megaceroides) algericus (Lydekker): Hadjiouis, p. 249, figs. 1-4.
2010 Megaloceros algericus (Lydekker): Gentry, p. 813.

Holotype: the left maxilla with P3-M? (Lydekker, 1890; figured on page 602), P? is
destroyed, while M? and M? are damaged; the cast is stored at the Natural History Museum of
London (Lydekker, 1890: p. 604), its collection number is M10647 (Gentry, 2010). The length of
the upper molar series M'-M?* amounts to 58.5 mm (measured from the figure). The location of
the original fossil specimen is unknown. The holotype is characterized by the strong development
of a basal enamel cingulum in the upper molars.

Type locality and horizon: Late Pleistocene from Hammam Meskoutin, Guelma
(Algeria).

Diagnosis: A cervid species of medium size, slightly larger than modern fallow deer and
smaller than red deer. The skull is very broad: the skull breadth attains more than 60% of the
condylobasal length. Splanchnocranium is relatively short: the length measured from the anterior
edge of the orbits to the prosthion makes it shorter than 1/2 of the condylobasal length. Skull bones
with exception of zygomatic arches are very thick. The braincase is moderately flexed: the angle
between parietal bones and face profile amounts to ca. 135°; parietal bones are flat. Pedicles are
moderately long (their length approximately equals their transversal diameter), deflected sideward
and somewhat backwards. Frontal bones are flat and very broad. Orbits are comparatively large;
their anterior edges lay at the level between M? and M!. Ethmoidal vacuities are completely closed.
Preorbital fossae are not developed. Basioccipitale is broad and bell-shaped. Upper canines are
missing. The cingulum in upper molars is variable: it may be well-developed, or almost completely
missing. The lower fourth premolar (P4) is molarized: its metaconid is fused with the paraconid.
The mandible is very pachyostotic, with a low anterior part. The transversal section of the anterior
portion of the hemimandible is circular. Antlers terminate with a palmation. The proximal part of
the antler beam has a circular transversal section and lacks basal tines. The tine inserted on the
anterior side of the beam (homologous with the middle tine in Megaloceros giganteus) is situated
from the burr at a distance ca. two times exceeding the diameter of the antler base.

Description. The cranial morphology of M. algericus is atypical and has no analogues
among Cervidae. The skull is very broad, while the length proportions of the cranium are modified
insignificantly; the skull breadth attains more than 60% of the condylobasal length (Fig. A.40).
Splanchnocranium is relatively short: the length measured from the anterior edge of orbits to
prosthion makes is shorter than 1/2 of condylobasal length. The position of bregma between the
posterior edges of pedicles and the position of nasion slightly caudally to the anterior edges of eye

sockets are similar to the morphological condition found in M. giganteus. The cranial bones are
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very thick, reminding the cranial hyperostosis described in Megaloceros. However, unlike in
Megaloceros, the vomer is not affected by hyperossification. The zygomatic arches are markedly
thin and feeble, contrasting with the overall robustness of the skull. The braincase is moderately
flexed: the angle between parietal bones and face profile amounts to ca. 135° and shows an
intermediate condition between Dama and Megaloceros. The parietal bones are flat. The pedicles
are rather long, set obliquely on the skull and somewhat deflected toward the rear and the sides.
The pedicles are slightly compressed in the anteroposterior direction, however, this compression
is not as strong as in the advanced species of Praemegaceros (P. verticornis, P. dawkinsi, and P.
solilhacus). The frontal bones are very broad (corresponding to the disproportionally broad skull),
flat and slightly depressed from both sides of the frontal suture. The ethmoidal orifices are
completely closed. The preorbital fossae are not developed. The nasal bones are relatively narrow
and rather long, extending behind the imaginary line connecting the anterior edges of orbits, as in
Megaloceros and Dama dama (but not as in Dama clactoniana). The orbitofrontal portion of the
cranium is rather short, as in Dama and Megaloceros: the anterior edge of the orbit is situated
above the M?-M? border. The eye sockets are relatively large, as in Dama. The basioccipital is
broad and bell-shaped. The bullae tympani are rather large, rounded, projecting outside (as in
Dama), and compressed in the mediolateral direction. The anterior bony thorn of bullae tympani
is not present in Megaceroides, unlike some Cervinae (Cervus, Rucervus). The relative length of
the upper tooth row to the basal length of the skull amounts to 29.5%, being fairly close to the ratio
found in Megaloceros, Axis and Dama. Nonetheless, the displacement toward the anterior position
of the upper cheek tooth row represents a specific character of M. algericus. The diastemal part of
the mandible is very short. The anterior portion of the mandible from M to symphysis has a
cylindrical shape. Behind M1, the mandible became higher and more robust. The lower tooth row
is displaced orally due to the very short diastema and obliquely set ascending portion of the
mandible. The mandibular pachyostosis appears very early during ontogenetic development and
is recorded even in juvenile individuals with deciduous teeth, although the juvenile mandible is
less thick than the mature specimens.

Upper canines are absent. Cheek teeth are relatively small. The lower fourth premolar (P4)
is molarized: its metaconid is fused with the paraconid. The premolar series is comparatively short,
however, a broad variation is observed here. The premolar/molar length ratio amounts to 60.5%
in the mandible FIL166, while the same tooth series ratio in the two specimens from Phacocheres
amounts to 45.0% and 52.9% (Hadjouis 1990). The lingual side of P* is not split into protocone
and hypocone, not even grooved. The relative size of the upper third molar is visibly reduced;

therefore M? is noticeably larger than M?>. The angle between labial and lingual walls of upper
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molars amounts to 37°, as in Dama dama. The hypoconal fold is present only in M?. Two small
enamel folds are found on the external side of the anterior hypoconal wing in M2 Unlike the
holotype of M. algericus from Hammam Meskoutin, the additional material discovered by
Arambourg (1932, 1938) represents a deer with somewhat smaller upper cheek teeth (length of
M!-M3 tooth series amounts to 54.1 mm in the specimen from Guyotville against 58.5 mm in the
holotype of M. algericus). The cingulum in upper molars seems to be a variable character: it is
well-developed in the type specimen from Hammam Meskoutin and is not developed in
Arambourg's specimen. It is necessary to mention, that the type from Hammam Meskoutin does
not show the specific size reduction of M>. Possibly, the observed morphological differences may
have a taxonomical significance at the species or subspecies level, but the available data are
insufficient. However, if this is the case, one can distinguish two chronological forms of the
endemic North African deer: an older larger form from Hammam Meskoutin with strong cingulum
and normally developed M?, and a more specialized descent form with smaller dentition, reduced
cingulum and marked reduction of M?. If this is true, the subspecies name Megaceroides algericus
pachygenis (Pomel, 1892) should be applied to the form with pachyostotic mandibles and upper
molars without a cingulum. In this case, the lower mandible, the isolated upper molar, the radius,
and fragments of antlers from Berrouaghia (Algeria) figured by Pomel (1892: pl. VII-VIII) should
be regarded as syntypes.

The complete antlers of Megaceroides algericus are unknown. The available material
shows that the antlers are normally developed and do not show any sign of "degeneration" reported
by Azzaroli (1979). Antlers are terminated with a palmation. The proximal part of the antler beam
has a circular transversal section and lacks basal tines. The tine inserted on the anterior side of the
beam (homologous with the middle tine in Megaloceros giganteus) is situated from the burr at a
distance ca. two times exceeding the diameter of the antler base (Hadjouis, 1990; Croitor, 2016).

Unlike Praemegaceros, Megaceroides is characterized by the relatively longer braincase
(a primitive character), the cylinder-shaped pedicles (not compressed anteroposteriorly or
dorsoventrally as in some advanced species of Praemegaceros), the cranial and mandibular
pachyostosis, and the long nasal bones (Croitor, 2006a, 2016). Megaceroides shares with Dama
the broad bell-shaped basioccipital, the large orbits, the large rounded bullae tympani, the flexed
braincase, the missing upper canines, and the similar proportions of the lower tooth row. However,
the shape and relative length of the braincase, the position of the antler pedicles, the developed
cingula in upper molars, and the cranial hyperostosis of M. algericus suggest its greater affinity

with M. giganteus (Lydekker, 1890; Joleaud, 1914, 1916).
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Distribution: Late Pleistocene — Holocene, northwestern Africa (ca. 24,000 to 6641-6009
yr. BP; Fernandez et al., 2015).

Genus Dama Frisch, 1775
Synonymy:
Notomegaceros Gliozzi and Malatesta, 1982

Nomenclatural acts. Gliozzi and Malatesta, (1982) created a subgenus Praemegaceros
(Notomegaceros) for the endemic deer C. elaphus carburangelensis from the Pleistocene of Sicily.
Abbazzi et al. (2001) recognized the close affinity of the Sicilian endemic deer with modern fallow
deer. Thus, Notomegaceros Gliozzi and Malatesta, 1982 should be regarded as a junior synonym
of Dama.

Azzaroli (1947) identified two forms of small deer in the Early Pleistocene deposits of
Upper Valdarno, which he named Dama nestii nestii and Dama nestii eurygonos, based on their
antlers. Dama nestii nestii had four-pointed antlers with a frontal orientation of the distal fork,
while Dama nestii eurygonos had slightly more robust four-pointed antlers with a parasagittal
orientation of the distal fork. Further discussions on the systematic position of small-sized deer
from Upper Valdarno include the "Dama-like" (or "Axis-like") cervid forms from the Pliocene and
Early Pleistocene of Europe. Among these cervid forms are deer with three-pointed antlers, such
as Cervus pardinensis Croizet et Jobert, 1824, which were discovered in the Early Pliocene in
Eastern Europe and the Late Pliocene in Western Europe. In the Early Pleistocene fauna of
Western Europe, remains of another small cervid were found and described under various species,
including Cervus rhenanus Dubois, 1904, Cervus philisi Schaub, 1941, Cervus perolensis
Azzaroli, 1952, and Cervus ichnoceros Boeuf, Geraads, and Guth, 1992.

The systematic position of these "Axis-like" cervids remained unclear for several decades,
and they were included in the arbitrary group "Cervus sensu lato" (Heintz, 1970), which reflects
their uncertain phylogenetic and systematic relationship with the modern genus Cervus. De
Lumley et al. (1988) also adopted a cautious approach and described Cervus (sensu lato) nestii
vallonnetensis from the Latest Villafranchian of the Vallonnet Grotto (Southern France).

In 1992, Azzaroli created the genus Pseudodama as a taxonomical solution for the small-
sized deer from the Pliocene and the Early Pleistocene of Western Europe. Dama nestii (= Dama
nestii nestii) is the type species of Pseudodama, and other species included in the genus are C.
pardinensis, C. rhenanus, C. perolensis, Pseudodama lyra Azzaroli, 1992, and P. farnetensis
Azzaroli, 1992. The specimens previously described by Azzaroli (1947) as Dama nestii eurygonos

were reported by Azzaroli (1992) as an advanced form of Pseudodama nestii. The comparative
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study of cranial and antler morphology demonstrated that Pseudodama with the genotype Dama
nestii nestii is a junior synonym of Cervus Linnaeus (Croitor, 2006a). Only two “Dama-like”
forms, Dama nestii eurygonos and Pseudodama farnetensis, actually belong to the genus Dama.

Diagnosis: medium to small-sized deer with a strongly flexed and relatively long braincase.
The distance between the inion and bregma is always greater than the breadth of the braincase.
The basioccipitale is broadened at the pharyngeal puberosities and has a bell-shaped appearance.
The pedicles are short and vertical. The parietal bones are convex, and the orbits are relatively
large. The upper canines are absent, and the lower fourth premolar is molarized. The angle of the
basal tine ramification is always obtuse.

Composition: D. eurygonos Azzaroli, 1947 (Early Pleistocene, Italy); D. vallonnetensis
(de Lumley, Kahlke, Moigne and Moulle, 1988) (late Early Pleistocene, Europe); D.
clactoniana Falconer, 1868 (Middle Pleistocene, Western Europe); D. carburangelensis (De
Gregorio, 1925) (Pleistocene, Sicily); D. dama (Linnaeus, 1758) (Late Pleistocene - Holocene,
Mediterranean Europe and Anatolia); D. mesopotamica Brooke, 1875 (Late Pleistocene -
Holocene, Near East).

Distribution. Early Pleistocene — Holocene, Near East, Europe.

Dama eurygonos Azzaroli, 1947

Synonymy:
1947 Dama nestii eurygonos ssp. nov.: Azzaroli, p. 56, fig. 5 (1).
1986 “Dama” cf- nestii (Azzaroli): De Giuli, p. 20, pl. 8-13.
1992 Pseudodama nestii (Azzaroli): Azzaroli, p. 16, fig. 5.
1992 Pseudodama farnetensis sp. nov.: Azzaroli, p. 19, fig. 10, P1. 5, fig. 2, a-b.
1998 Euraxis eurygonos (Azzaroli): Di Stefano & Petronio, p. 53.

2001 Dama eurygonos (Azzaroli): Croitor, p. 98.
2003 Axis eurygonos (Azzaroli): Girotti et al., p. 88.

Nomenclatural acts. This small-sized cervid (estimated body mass of approximately 70-
80 kg) from the Late Villafranchian of Upper Valdarno (Italy) was originally described by Azzaroli
(1947) as Dama nestii eurygonos. It was distinguished from D. nestii nestii (which is regarded as
Cervus nestii here) by its somewhat more robust antlers with an obtuse basal ramification and the
parasagittal orientation of the distal fork. Azzaroli (1947) was the first to propose an evolutionary
relationship between small deer from Upper Valdarno and living fallow deer. In 1992, Azzaroli
interpreted Dama nestii eurygonos (the name eurygonos did not appear in Azzaroli’s work) as an
advanced form of Dama nestii nestii and placed them in the newly created genus Pseudodama.
According to Azzaroli (1992), the close affinity of small Villafranchian deer with Dama had not

been demonstrated. Croitor (2006b) elevated Dama eurygonos to the species level and suggested
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its close relationship with modern fallow deer. Pfeiffer (1999) and Petronio et al. (2013) regard
the species under study as a primitive deer of the genus Axis. However, the bony labyrinth analysis
carried out by Mennecart et al. (2017) confirmed the close phylogenetic relationship between D.
eurygonos and modern D. dama.

Diagnosis: The species is somewhat larger than modern D. dama. The braincase is short,
domed, and flexed. The orbitofrontal region of the skull is shortened, with the anterior edge of the
orbit reaching the level of M. Orbits are relatively large, and pedicels are short and vertical on the
skull roof. The frontal and parietal bones are convex. Unlike D. dama, the posterior edge of the
nasal bones does not extend behind the line connecting the anterior edges of the eye sockets. The
angle between the ascending and horizontal parts of mandible is 102°. The angle between the labial
and lingual sides of the molars is comparatively oblique, at approximately 37°. P4 is molarized.
The antlers are robust, four-pointed, and widely spanned. The basal tine is situated at a little
distance from the burr and forms an oblique angle with the antler beam. The distal fork is oriented
in the parasagittal plane. The metapodial bones are long, and the metacarpus is longer than the
radius or almost of the same length.

Holotype: the pair of antlers with pedicels and frontal bones IGF 245, MGUF.

Type locality: Tasso, Upper Valdarno (Central Italy).

Stratum typicum: the Late Villafranchian deposits of Upper Valdarno.

Description. The holotype of D. eurygonos is the antlered frontlet IGF245 (MGUF) of an
adult male. Its frontal breadth is 105.5 mm (D. dama: 104.4 - 91.8 mm; n=9), while the breadth of
the skull behind the pedicles is 89.5 mm (D. dama: 86.4 - 74.4 mm; n=9). The antlers are relatively
robust and simple four-pointed, but the antler bauplan is typical for Dama: the first (basal) tine is
strong and forms, with the antler beam, a very obtuse angle (ca. 120°) at a short distance from the
burr. The distal fork is oriented in the parasagittal plane and is formed by a longer anterior tine
that is a continuation of the beam and the posterior crown tine implanted on the posterior side of
the beam. Although the antlers of modern fallow deer are palmated, the antler palmation in D.
dama results from the fusion of multiple posterior tines. Therefore, the posterior insertion of crown
tines is typical of the Dama antler bauplan (Fig. A.46, A). The second (middle) tine is relatively
small in the type specimen and may be missing in younger individuals (Croitor, 2006b). The cross-
section of the beam is circular. The beam segment between the basal and the middle tines and the
beam segment between the middle tine and the distal fork are almost of equal length, so the second
tine is in a more proximal position compared to Cervus nestii.

The damaged skull IGF 244 (MGUF) of D. eurygonos from Tasso already shows the

typical Dama morphology: the flexed, short, and domed braincase, the convex frontal and parietal
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bones, the short pedicles in the vertical position, the relatively large orbits, the short orbitofrontal
portion of the skull (the anterior edge of the orbit reaches the level of M?), and the large ethmoidal
openings. Unlike modern D. dama, the posterior edge of the nasal bones does not reach behind the
line connecting the anterior edges of the eye sockets. The preorbital fossae are large and deep with
sharply outlined edges. P4 seems to be always molarized. Upper molars are more short-crowned
compared to C. nestii: the angle between the lingual and labial walls of M? amounts to 37°.

Distribution. D. eurygonos inhabited the Italian Peninsula and Southeastern Europe during
the Early Pleistocene (Late Villafranchian). It was absent in the Olivola F. U. and its first recorded
appearance on the Italian peninsula was in the Tasso F. U. Additionally, a proximal part of an
antler (Nr. 26/20 1ZC) similar to that of D. eurygonos was discovered in Villafranchian deposits
in Slobozia Mare, South Moldova (Croitor, 2006b)

Dama vallonnetensis (de Lumley, Kahlke, Moigne and Moulle, 1988)

Synonymy:
1963 Cervus philisi Schaub, 1941: de Lumley et al., p. 11, Fig. 2).
1977 Cervus (Rusa) moldavicus Janovskaya, 1954: Alekseeva, p. 129, P1. XIX.
1979 Dama nestii eurygonos Azzaroli: Petronio, p.107, Fig. 2.
1988 “Cervus” (s. 1.) nestii vallonnetensis n. ssp.: de Lumley et al., p. 483, Fig. 14.

1998 Pseudodama nestii vallonnetensis (Kahlke) : Moullé, p. 34, Fig. 2.
2001 Dama vallonnetensis (de Lumley et al.) : Croitor, p. 99.

Diagnosis. The species is slightly larger than D. dama, and its antlers are long and robust
with three points. The first bifurcation has a very oblique angle, and the first tine is strong, robust,
and rests on the burr. The second (middle, trez) tine is reduced, while two long tines oriented in
the parasagittal plane form the terminal fork. The anterior distal tine is a continuation of the beam,
while the posterior distal tine springs off from the posterior side of the beam. The pedicels are
short and vertically positioned. The braincase is domed and strongly flexed, the splanchnocranium
is with large eye sockets and a short orbitofrontal part.

Holotype: a basal fragment of the left (not right, as indicated in the original description)
shed antler Nr. 10170, MPRM (De Lumley et al., 1988: p. 179, fig. 14).

Locus typicus: Vallonnet (Roquebrune-Cap-Martin, Alpes Maritimes, France).

Stratum typicum. the Early Pleistocene deposits of the Vallonnet Cave.

Description. The body size of this species is intermediate between D. dama and D.
clactoniana. The type specimen, a basal fragment of the left shed antler Nr. 10170, MPRM, is
characterized by a very strong and massive basal tine situated very close to the burr, forming a

very obtuse angle with the antler beam. The antler beam is set obliquely to the burr and is directed
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backward and sideways. The position of the basal tine distinguishes D. vallonnetensis from D.
eurygonos, which has the tine mounted at a certain distance from the burr.

The sample from Vallonnet comprises mainly isolated teeth, mandible fragments, and
several antler fragments. Some dental remains can be confidently ascribed to D. vallonnetensis.
M3 Nr. 1174 (RMPM) has a moderately oblique lingual wall that forms an angle of 37° with the
labial wall of the tooth, as in D. eurygonos. The additional enamel folds and cingulum are absent.
The fragment of the left hemimandible Nr. 7879 (RMPM) has a molarized P4 and a relatively long
premolar series (61.9% of the molar series length; L P2-P3 = 94.5 mm; L P2-P4 = 36.3 mm; L M-
M3 = 58.6 mm), which approaches the upper limits of relative premolar length in modern D. dama
(46.0-61.6%).

The articulated skeleton of an adult D. vallonnetensis with antlers was reported by Petronio
(1979) from the terminal Villafranchian of Capena (Italy). This specimen, initially identified by
Petronio (1979) as Dama nestii eurygonos, exhibits specific morphological details in the distal
portion of the antler. The antlers from Capena are characterized by a strong basal tine situated very
close to the burr and a distal massive fork with the posterior insertion of the second crown tine, as
in D. eurygonos. However, the middle tine is missing in the specimen from Capena, and the antlers
represent a simplified three-pointed type of antler construction. Unlike D. eurygonos, the missing
middle tine in D. vallonnetensis is a constant characteristic and not an early ontogenetic stage of
antler development (Croitor, 2006b). Fallow deer with such a simplified antler shape are also
known from Untermassfeld, Germany (Kahlke, 1997, 2001), and Etulia, Moldova (Alekseeva,
1977: tab. XIX). Alekseeva (1977) reported the antlers with skull fragments from Etulia as Cervus
(Rusa) moldavicus, but the short and robust pedicles, convex parietal bones, and the three-pointed
antlers with the low insertion of the first tine and the posterior insertion of the third tine on the
beam are diagnostic characters of D. vallonnetensis

A slightly smaller form of D. vallonnetensis has been discovered in the final Villafranchian
/ Epivillafranchian of Pirro Nord (Italy). Articulated skeletons and complete antlered skulls have
been recovered from this site. The cranial material from Pirro Nord confirms the close relationship
between the Villafranchian fallow deer and D. dama, as evidenced by several shared features such
as large and inflated bullae tympani, a flexed neurocranium, a broad contact of ethmoidal openings
with nasale, and the absence of upper canines. The fallow deer from Pirro Nord is characterized
by advanced molarization of P4 and a relatively short premolar series (premolar/molar ratio
ranging from 55.3% to 57.7%, n=3). In contrast to D. dama, the Pirro Nord fallow deer has shorter
nasal bones that do not extend beyond the line connecting the anterior edges of orbits, a longer

contact between the nasal and premaxillary bones, and comparatively broad and massive
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premaxillary bones that reflect adaptation to arid environmental conditions. The antlers of the Pirro
Nord fallow deer are characterized by an obtuse first ramification situated very close to the burr,
a vestigial posterior crown tine represented only by a small knob, and a missing middle tine. The
described individual of fallow deer from Pirro Nord is a young adult male, very similar to Dama
vallonnetensis (De Lumley et al., 1988) from Capena and Vallonnet.

Distribution. Latest Villafranchian — Postvillafranchian; Southern France, Spain, Italy,
Germany, Greece.

Dama clactoniana Falconer, 1868

Synonymy:
1827 Cervus (Dama) paleodama Cuvier, 1823: Cuvier, p. 307.
1827 Cervus (Dama) somonensis Cuvier, 1823: Cuvier, p. 307.
1875 Cervus euryceros (Aldrovandi): Gastaldi, p. 440, fig. 1.

1892 Cervus (Dama) Gastaldii [sp. nov.]: Pohlig, p. 230, fig. 17.
2013 Dama roberti sp. nov.: Breda and Lister, p. 157, figs. 2-8.

Diagnosis. The body size is similar to that of modern Western European Cervus elaphus.
The splanchnocranium is relatively longer compared to other species of Dama; the
nasopremaxillary contact is elongated. The nasal bones are short and do not extend beyond the
level of the anterior orbital edges. The anterior edge of orbit is situated above M2. Antlers are
distinguished by a well-developed distal palmation, the strong development of a middle tine, and
the presence of an anterior crown tine.

Description. This is the largest species within the genus (weighing approximately 140 kg)
found in the Middle Pleistocene of Western Europe, and the first fallow deer species with palmated
antlers. The antlers of D. clactoniana are distinguished by multiple crown tines inserted on both
the anterior and posterior sides of the palmation axe, in contrast to modern D. dama (Leonardi and
Petronio, 1976). While this deer species has a relatively long face, its face lengthening differs from
that of C. elaphus. The anterior edge of the orbits in D. clactoniana, as observed in specimen
"Riano 6" (MPS), is situated above M?, indicating that the orbitofrontal part of the skull is not
elongated. A partially preserved skull from Swanscombe (Sw-71, NHML) shows a similar facial
morphology to the fallow deer from Pirro Nord, where the nasal bones hardly reach the anterior
orbital line and the articulation between the nasal and premaxillary bones is much longer than in
D. dama.

Pohlig (1892) described a new species, Cervus (Dama) gastaldi, based on an antler from
the upper part of the Po Valley that was originally reported and illustrated by Gastaldi (1875).

Dama roberti, another Middle Pleistocene species of fallow deer, was recently described by Breda
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and Lister (2013) from Pakefield (England) and Soleilhac (France). The antlers are characterized
by a typical Dama obtuse basal ramification and a strong curved basal tine. The antler beam is
straight with a narrow flattened expansion in its distal part. Breda and Lister (2013) suggest that
the specimen from Pakefield represents an adult individual; however, its vertically set pedicles (a
typical character of Dama) are relatively too long, indicating a young age. The articulations
between cranial bones (Breda and Lister, 2013: p. 159, fig. 3) are not obliterated, confirming the
young individual's age. Therefore, it is highly probable that the unusually simple antlers from
Pakefield and Soleilhac represent just an early ontogenetic stage of development. This view may
be confirmed by the young specimen No. 19 B.M. of Dama clactoniana from Swanscombe
(Leonardi and Petronio, 1976: p. 22, fig. 28), which is also characterized by the presence of only
one basal tine and a distal narrow blade-like extension. Earlier, we identified the antler of the
fallow deer from Soleilhac as a juvenile specimen of Dama clactoniana (Croitor et al., 2006), and
we do not see any convincing arguments that may change our opinion
Dama dama (Linnaeus, 1758)

Diagnosis: Small to medium-sized deer with complex palmate antlers bearing thin, curved
basal tines located a short distance from the burr and well-developed middle tines. The antler
palmation is formed by fused posterior crown tines in the distal portion, while anterior crown tines
are absent. Nasal bones are long, extending behind the imaginary line connecting the anterior edges
of orbits, and the contact between premaxillary and nasal bones is very short.

Description. Di Stefano and Petronio (1997) reported the earliest known modern-type
fallow deer, D. dama tiberina, from the late Middle Pleistocene of the middle Aurelian mammal
age. This new chronosubspecies can be distinguished from D. clactoniana by its smaller body size
and less exaggerated antlers, which lack anterior crown tines. D. dama tiberina also has a narrower
palmation and fewer posterior crown tines compared to D. dama dama (Di Stefano and Petronio,
1997). Abbazzi et al. (2001) suggested a close relationship between D. dama tiberina and
Megaloceros calabriae Bonfiglio, 1978, from Bovetto, Southern Calabria, and referred to the deer
from Bovetto as D. dama cf. tiberina. If the synonymy of these subspecies is confirmed, the oldest
modern fallow deer subspecies should be named D. dama calabriae (Bonfiglio, 1978) accorfing
to the principle of priority, and if not, the name D. dama calabriae will remain restricted to the
sample from Bovetto.

D. dama geiselana is a large subspecies of fallow deer found in Northwestern Europe,
comparable in size to D. clactoniana. Its antlers terminate in a strong palmation that often is
supplemented with more or less detached lowermost crown tine. The basal tine is cylinder-shaped

and robust, and some variants of antler morphology have a flattened proximal beam and
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supplementary small prongs between the basal and middle tines, reminiscent of Dama
mesopotamica. P4 is variable and, in some cases, not fully molarized. D. dama geiselana can be
differentiated from D. clactoniana by the shape of the palmation and the absence of anterior crown
tines (Pfeiffer, 1998).

Distribution: Late Pleistocene — Holocene; Mediterranean Europe — Anatolia.

Dama carburangelensis (De Gregorio, 1925)

Synonymy:
1925 Cervus elaphus carburangelensis [ssp. nov.]: De Gregorio, p. 8, pls. XVIII-XX.
1982 Praemegaceros (Notomegaceros) carburangelensis (De Gregorio, 1925): Gliozzi and Malatesta, p. 315.
1990 Megaceros (Notomegaceros) carburangelensis (De Gregorio, 1925): Petronio, p. 261.

2000 Megaceros carburangelensis (De Gregorio, 1925): Pereira, p. 205.
2001 Dama carburangelensis (De Gregorio, 1925): Abbazzi et al., p. 31.

Nomenclatural acts. The small-sized deer from the Pleistocene of Sicily was originally
described as an endemic subspecies of red deer by De Gregorio in 1925. Later, following the
systematic model proposed by Azzaroli (1961), the Sicilian deer was reclassified as a dwarfed
giant deer of the "verticornis group" and placed in its own subgenus Notomegaceros within the
genera Praemegaceros or Megaceros (Gliozzi and Malatesta, 1982; Vislobokova, 1990; Petronio,
1990). Abbazzi et al. (2001) further reclassified De Gregorio's deer from Sicily as Dama
carburangelensis based on cranial and antler morphology.

Emended diagnosis: the body size of this species is slightly smaller than that of modern
fallow deer. The basal tine of the antlers is robust, short, and positioned very close to the burr. The
middle tine is well-developed, and the posterior tine is directed laterally and posteriorly, located
distally at a short distance from the middle tine. The antlers terminate in a narrow palmation
formed by coalesced posterior crown tines. The anterior crown tines absent.

Description. The estimated body mass is approximately 62 kg. According to Gliozzi and
Malatesta (1982), the cranial morphology of Dama carburangelensis is typical of the Dama genus.
The antlers of this species feature a strong basal tine, a well-developed middle tine, and a small
but noticeable palmation with three posterior crown tines. An accessory tine is located above the
middle tine on the posterolateral side of the beam, which could be an accidental accessory prong
or an example of convergent evolution in cervids adapted to open landscapes (such as Megaloceros
giganteus, Praemegaceros verticornis, and Rangifer tarandus). The premolar/molar ratio mean
value (60.4%) reported by Gliozzi and Malatesta (1982) indicates a relatively longer premolar

series compared to continental fallow deer. This characteristic is reminiscent of another
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Mediterranean insular deer, Praemegaceros cazioti, which also evolved a longer cheek tooth row
due to premolar series elongation.
Distribution: an insular endemic of the post-Tyrrenian age (late Middle Pleistocene — Late

Pleistocene), Sicily.

Cervinae incertae sedis
“Cervus” australis de Serres, 1838

The systematic position of this plesiometacarpal deer, which is similar in size to Capreolus,
is not yet fully resolved. The species is based on a small shed antler with a single bifurcation
positioned very high, found in the Early Pliocene of Montpellier, France (de Serres 1838).
Unfortunately, there is no additional material from the type locality. Depéret (1890) suggested that
Cervus (Capreolus) ruscinensis, based on a fine antlered skull with spike-like antlers, could
represent a young individual of "Cervus” australis (which Depéret considered to be Capreolus
australis). Despite the assumed young age of the type specimen of Cervus (Capreolus) ruscinensis,
it is characterized by very short and divergent pedicles. Korotkevich (1970) and Vislobokova
(1990) included “Cervus” australis in the genus Paracervulus. However, it is worth noting that
the antler with a pedicle from Kuchurgan described by Korotkevich (1970) as "Paracervulus
australis” has a relatively long pedicle. Teilhard de Chardin and Trassaert (1937) created the genus
Paracervulus for quite large cervids with simple antlers, characterized by a high-situated
bifurcation. It is possible that some of the specimens described by Teilhard de Chardin and
Trassaert (1937: fig. 4, Paracervulus bidens) belong to Procapreolus. Simpson (1945) regarded
Paracervulus as a junior synonym of Metacervulus Teilhard de Chardin and Trassaert, 1937. Asian
Metacervulus is distinguished from “Cervus” australis and “Cervus” ruscinensis by its flattened
antlers. Therefore, the systematic position of “Cervus” australis and “Cervus” ruscinensis remains

unresolved.

4.2. Conclusions to Chapter 4
1) The taxonomic diversity of plesiometacarpal deer in the Plio-Pleistocene western
Palearctic region is represented by at least 16 genera, including two endemic genera found on
Mediterranean islands (Croitor, 2018b).
2) The earliest members of the subfamily Cervinae dispersed into western Eurasia during
the Early Pliocene. Unlike their Arian counterparts, they exhibited varying degrees of evolutionary
specialization (Croitor and Stefaniak, 2009; Croitor, 2017).
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3) Representatives of the subfamily Cervinae rapidly achieved a high level of taxonomic
and eco-morphological diversity in the Western Palearctic during the Late Pliocene and
Pleistocene. The taxonomic diversity of Cervinae reached its zenith during the Early and Middle
Pleistocene (Croitor, 2018b).

4) In contrast to Capreolinae, Cervinae in the western Palearctic demonstrated greater
evolutionary plasticity and repeatedly colonized islands, where they evolved into endemic dwarfed

forms (Croitor et al., 2006).
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5. MAIN EVOLUTIONARY FEATURES OF CROWN CERVIDS FROM THE
WESTERN PALEARCTIC
5.1. Functional morphology of Palearctic Cervinae antlers

According to Davitashvili (1961), the branched and complicated antlers found in advanced
cervids represent a specific adaptation that "softens" sexual selection and diminishes excessive
male mortality during intraspecific combats. The most proximal antler tine, the brow tine, appears
very early in cervid evolution and serves the locally restricted purpose of protecting the eyes and
face during combats (Lister, 1987). The second proximal tine, the bez tine, is specific only to C.
elaphus and C. canadensis and appeared in the evolution of Cervus during the early Middle
Pleistocene, coinciding with a significant increase in body size. The estimated body mass of
primitive small-sized C. nestii was around 60 kg (Croitor, 2018b), while the body mass of the most
ancient subspecies of red deer, C. elaphus acoronatus, reached approximately 237 kg (estimated
based on occipital height; the sample includes cranial material from the Tiraspolian gravel and
specimens studied by Di Stefano and Petronio, 1992; sample size = 14). Thus, a fourfold increase
in body size is observed in the C. nestii — C. elaphus acoronatus lineage during the Early
Pleistocene—early Middle Pleistocene transition.

Petrie (1988) suggested that larger animals may have greater capacities to injure each other
during intraspecific contests, which could explain why red deer (and wapiti too, apparently)
acquired the second basal tine, enhancing face protection during combats. It is interesting to note
that the bez tine has a trend of diminishing in European red deer during the Late Pleistocene and
Holocene, coinciding with body size reduction (Lister, 1987). However, the direct relationship
between body size and the strength of the bez tine in red deer cannot be considered proven, as the
bez tine is quite weak in the largest modern red deer subspecies, C. elaphus maral (Heptner and
Zalkin, 1947; Flerov, 1952). Lister (1987) suggested that the reduction of the bez tine in red deer
is correlated with the development of a richly branched antler crown, but the example of C. elaphus
maral does not support this hypothesis.

The trez (or middle) tine appears early in the evolution of the subfamily Cervinae as a
second ramification and coincides with the increase in body size and reduction of upper canines,
making male antlers the only dangerous weapon against conspecific rivals (Geist, 1971). The
development of this tine must have increased the safety of combatting stags that reached a certain
body mass threshold, increasing the risk of lethal wounding. Kitchener (1987) suggested that the
trez tine has a protective function against a rival's antlers, especially in cervids that bear

complicated antlers, such as red deer and giant deer. The importance of additional antler tines in
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red deer stags was demonstrated by Davitashvili (1961) using examples of old bucks with
degenerated and simplified antlers, which can easily wound and kill their conspecific rivals.

A forwardly pointed tine located in the middle of the antler beam appeared several times
independently in the evolution of cervines. This is the case of the middle tine of Praemegaceros
verticornis from the Middle Pleistocene of Europe, which appeared quite late in the
Praemegaceros lineage, as it is completely absent in P. pliotarandoides from the late Early
Pleistocene (Croitor, 2006b). The middle tine of P. verticornis is analogous to the trez tine of C.
elaphus and C. canadensis and probably had the same function of locking the rival's antlers, but it
is not homologous, since its evolutionary history is different. The evolutionary importance of the
middle tine may be confirmed by the fact that many insular dwarfed deer with diminished and
simplified antlers maintain the middle tine, which may be the only remaining branch in extreme
cases of antler simplification (Azzaroli, 1961; van der Geer, 2018).

It is important to note that the trez tine or its analogues typically evolve in cervids from
middle latitudes and are not present in southern lineages with large antlers, such as Rucervus and
Panolia. One possible explanation is that male survival is subjected to greater pressure in cervids
from temperate latitudes with cold winters and a seasonal drop in forage. The pressure of seasonal
male mortality, particularly among young and prime-adult stags, is significant (Clutton-Brock et
al., 1982). As a result, additional security adaptations in antler shape help reduce excessive male
losses during combat and compensate for seasonal male mortality. Therefore, a direct relationship
can be assumed between harsh environmental conditions with a seasonal drop in temperatures and
forage availability and the development of richly branched antlers. The consequences of
seasonality in southern latitudes are less costly for deer stags, which may explain the smaller
number of ramifications and the absence of the "second-level protection" tine (the trez tine or its
analogues) in large South Asian deer species.

The posterior tine is an important feature of antlers in cervids that inhabit open landscapes.
Typically, this tine is situated on the back side of the beam and below the crown part of the antler.
It appears independently in several cervid lineages of the Cervinae and Capreolinae subfamilies,
including the genera Rangifer, Megaloceros, Praemegaceros, Praedama, Sinomegaceros, and
some species of the genus Dama. The lowermost posterior crown tine in Dama geiselana and D.
clactoniana is typically very large, strong, and detached from the palmation (Leonardi and
Petronio, 1976; Pfeiffer, 1998).

The occurrence of a posterior tine and its analogues does not depend on body size (it is
developed in the giant continental Praemegaceros and Megaloceros, in some small-sized insular

dwarfs, and medium-sized Rangifer) and is not correlated with the development of palmations or
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other parts of antlers. The stability of the development of posterior tine within the individual
variation range (for instance, in the series of antlers of Megaloceros giganteus figured by
Reynolds, 1929) suggests an important evolutionary selection in the favour of this character, which
appeared repeatedly and independently in several lineages of the family Cervidae. Therefore, one
can assume a certain biological importance of this part of antlers.

The adaptation to more or less open environments is the only circumstance that unites the
deer with posterior antler tine. The most plausible explanation of the iterative development of the
posterior tine during the evolution of cervids is its specific function of the defence against
ectoparasites in rutting males. The study of rutting males of North American deer and territorial
African antelopes revealed that the involvement of males in rutting decreases the behavioural and
immune defence of males against ticks, which distract them from the rutting behaviour and bring
damages to their physical and health state (Hart, 1997; Mooring et al., 2004). The priority of the
investment into the rutting activity over the antiparasite defence has a negative consequence for
males, which are exposed to a greater parasite load. Rutting impala males, for example, which self-
oral groomed at one-third the rate of females, were found to carry about six times more adult ticks
than females (Hart, 1997). Observations on male white-tailed deer reveal they had about 3 times
as many adult ticks as females (Main et al., 1981). Mooring et al. (2004) suppose that the elevated
testosterone level in rutting stags suppresses the grooming behaviour to increase male's vigilance,
so the increased ectoparasite burden is a frequent side effect in rutting males. It is interesting to
notice that the scratch grooming in males of the observed species was not affected by the rutting
behaviour (Hart, 1997).

One can assume that the posterior tine in cervids is a specialized adaptation for scratch
grooming in rutting males that eventually indirectly increase their combat capacities (Croitor,
2016). The evolutionary acquisition of the scratch grooming tine (the posterior tine) indirectly
influenced mating success by diminishing the ectoparasite burden and improving the vigilance and
physical state of the rutting stags. According to the available bibliographic data, the disturbing
effect of ectoparasites during the rutting period may be important. The observations of modern
North American wapiti revealed that September and October constitute the peak time for feeding
by larvae of winter tick Dermacentor albipictus (Mooring and Samuel, 1998). This stage of the
parasite biological cycle coincides with the rutting season in elaphine deer (Flerov, 1952; Sokolov,
1959) and therefore has an important negative influence over the physical state and the rutting
success of stags. The use of antlers for scratch grooming is rarely reported for modern cervids,

which are mostly adapted to wooded and ecotone habitats (Mooring et al., 2004), but it is recorded
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in Rangifer tarandus tarandus, the only modern deer adapted to open environments

(Kynkédédnniemi et al., 2014).

5.2. Multivariate analysis of craniodental characters and phylogenetic relationships

Capreolinae is distinguished from the subfamily Cervinae by its generally conservative
Capreolus-like antler bauplan (Croitor, 2021), which is present in nearly all evolutionary lineages
except for those with evolutionary simplification of antlers, such as Mazama and Pudu. The initial
Capreolus-like antler bauplan is characterized by the first ramification being in a very high
position, with the posterior branch bifurcating to form two tines of roughly equal size. This bauplan
is found in Procapreolus, Capreolus, and Eocoileus, and was named the "forked type of antlers"
by Lydekker (1898). Samejima and Matsuoka (2020) have shown that the morphological elements
of the three-pointed antlers (the first tine and the distal fork) of Cervinae and Capreolinae are
structurally different and not homologous. It appears that the evolutionary potential of the two
distal ramifications is equal, as evidenced by the evolutionary specializations found within
Capreolinae with stronger development of either the posterior branch (Pliocervus, Pavlodaria,
Alces) or the anterior branch (Capreolus, Procapreolus, Odocoileus, Rangifer, Neomegaloceros).
Although the conservatism in antler evolution was previously interpreted as a generally more
primitive characteristic of Capreolinae compared to Cervinae (Czyzewska, 1968), it is now more
appropriate to view it as two different ways of evolution and development of antlers within
Cervidae (Samejima and Matsuoka, 2020). In practice, the diversity of telemetacarpal deer antlers
is a combination of a limited number of variants of antler branch bifurcations (see Fig. 4.1).

The general antler bauplan and some details of antler morphology suggest the phylogenetic
unity of the so-called “Pliocervines” from the Late Miocene of Europe and their close affinity with
Capreolinae. All of them are characterized by the basic Capreolus-like antler bauplan, which may
be recognized even in the quite specialized M. variabilis and modern A. alces (Fig. 1). Brooke
(1878) has already defined the structure of antlers of Alces as dichotomous and noted the similarity
of modern elk’s antler bauplan with Blastocerus dichotomus. In all the above-mentioned cases,
one can distinguish the relatively high position of the first tine and the invariable distal parasagittal
fork. This distal fork is well-distinguishable in D. bessarabiae and M. variabilis, and it terminates
the palmation formed by the extension of the second beam segment. At fully-grown antlers of D.
bessarabiae, the distal fork is supplemented with an accessory distal tine, while in M. variabilis,

each tine of the distal fork is bifurcated or trifurcated (Fig. 4.1 C).
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Fig. 4.1. The antler bauplan of Capreolinae: A, Eocoileus gentriorum from the Pliocene of
North America (adapted from Webb 2000); B, Damacerus bessarabiae from the Late
Miocene of Southeastern Europe (adapted from Khomenko 1913); C, Metadicrocerus

variabilis from the Late Miocene of Southeastern Europe (adapted from Aleksejev 1915);

D, Neomegaloceros gracilis from the Late Miocene of Southeastern Europe (partial
reconstruction); E, Procapreolus moldavicus from the Early Pliocene of Southeastern

Europe (adapted from Korotkevich 1970); F, Pliocervus matheroni from the Late Miocene

of Western Europe (adapted from Dawkins 1878); G, Pavlodaria orlovi from the Hipparion
fauna of Kazakhstan (adapted from Vislobokova 1980); H, Capreolus capreolus (adapted
from Danilkin 1999); I, Alces alces (adapted from Sokolov 1959)

The basic Capreolus-like antler structure is characteristic of the earliest New World cervid,
Eocoileus gentryorum (Fig. 4.1 A). Antlers of Odocoileus virginianus generally maintain the
initial Capreolus antler structure, but the distal part of the antler develops a crown. The first crown
tine in Odocoileus is inserted on the posterior side of the beam (Pocock, 1912) and should be
regarded as a homology of the posterior tine of the distal bifurcation in Capreolus. The subsequent

crown ramifications represent metameric additions of new posterior crown tines. The anterior tine
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of the distal bifurcation in Capreolus is homologous with the main axis of the crown in Odocoileus
that is curved forwards, downwards, and inwards (Brooke, 1878).

Rangifer tarandus developed the crown part of the antler composed of a series of posterior
crown tines similar to that of Odocoileus. Some juvenile reindeer antlers variants exhibit the
typical Capreolus-like structure (Croitor, 2021). As in Odocoileus, the largest proximal crown tine
is homologous to the posterior tine of the distal bifurcation in Capreolus. The posterior tine
inserted on the bowed part of the antler beam and the asymmetric basal “brow tine” represent later
evolutionary acquisitions of reindeer.

The evolutionary lineage of elks (moose) displays an extremely broad variety of the basal
portion length between the burr and the first ramification. The basal segment of the antler is
shortened in Alces alces but is extremely elongated in A. gallicus. The basal portion of the antler
in A. gallicus is transformed into an exceptionally long beam that extends into a small palmation
on its distal extremity. As in all telemetacarpal deer, the small palmation of A. gallicus maintains
the basic Capreolus-like bauplan. The hypothesized loss of basal tines in elks based on a few
specimens with tines on the beam sounds doubtful. Aleksejeva (1980) figures two incomplete
antlers with a tine on the antler beam that was interpreted as an atavistic basal tine; however, the
antlers are incomplete, and the "atavistic" basal tines, which are situated quite high above the burr,
may be the ordinary first ramification detached from the distal fork. Boeskorov (2006) regards
those prongs on antler beams as "additional tines," and this viewpoint is accepted in the present
study. One cannot exclude a spontaneous development of an additional basal tine in elks
(Boeskorov, 2001: fig. 29-P), analogous to the "brow tine" in Rangifer. The questioned
assumptions on an initial basal tine reduction in elks resulted in a confusing, complicated model
of Alces antler evolution that does not permit tracing the homology with antlers of other
Capreolinae (Samejima and Matsuoka, 2020). The four-pointed antlers of Pliocervus and
Pavlodaria have developed from the subsequent bifurcation of the posterior branch of the initial
distal bifurcation (Fig. 4.1 F, G).

Old World telemetacarpal deer. The multivariate analysis based on craniodental
characters (including antlers) and some postcranial features places the extinct Old World genera
Metadicrocerus, Damacerus, Pliocervus, Procapreolus, and Lucentia among the selected genera
of modern capreolines. Lucentia iberica is a peculiar small-sized cervid from the Late Miocene of
the Iberian Peninsula (MN11), characterized by simple two-pointed antlers with a high bifurcation
position and a unique dental morphology (molarized P4, upper molars supplemented with
protoconal fold, lower molars with Palacomeryx fold) (Azanza and Montoya, 1995). Azanza and

Montoya (1995) noted the similarity of Lucentia's antlers with those of Capreolus and European
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"Pliocervines" and suggested that the Iberian deer could represent an evolutionary stage preceding
the dichotomy of cervines and capreolines, placing Lucentia closer to Cervinae. However, Azanza
and Montoya (1995) regard the emerging protoconal fold in the upper molars of L. iberica as an
important diagnostic apomorphy of the telemetacarpal deer. One can assume with some confidence
that L. iberica represents the most primitive two-pointed stage of antler evolution of Capreolinae,
although its dentition is already specialized and shows specific features of capreoline deer.

Possibly, the "Muntiacinae gen. et sp. indet." described by Azanza (2000) from the Early
Turolian of Crevillente-2 (Alicante, Spain) represents a more primitive type of early capreoline
evolutionary diversification. This cervid is characterized by a small size similar to modern
muntjacs. However, its dental morphology is characterized by advanced characteristics, such as
the emerging protoconal fold and labiolingually narrowed crowns of upper molars, which are
correlated with the evolutionary trend towards mesosodont specialization (Croitor et al., 2020).
The "muntiacine" from Crevillente-2, characterized by more advanced high-crowned upper molars
with an emerging protoconal fold, represents an evolutionary specialization similar to the dental
morphology of capreolines and possibly represents the early "muntjac-like" stage of Capreolinae
evolution.

The results of the multivariate analysis suggest a cluster between Lucentia iberica,
Pliocervus matheroni, and Paviodaria orlovi, which may seem unexpected but is not
contradictory. Pliocervus and Pavlodaria evolved a less common antler bauplan in Capreolinae,
with further bifurcation of the posterior branch of the initial distal fork. Thus, it can be assumed
that the antler bauplan of Pliocervus and Pavlodaria evolved independently from a cervid form
with two-pointed antlers similar to Lucentia. It should be noted that the further bifurcation of the
anterior or posterior branch of the initial distal bifurcation could often represent a parallelism in
the evolution of Capreolinae and should not be considered a significant systematic character. L.
iberica shares with P. matheroni the subtriangular cross-section of the distal portion of the antler,
but the Iberian cervid cannot be regarded as a forerunner of Pliocervus since it already exhibits an
advanced molarization of Pa.

Procapreolus is a relatively less specialized Capreolinae cervid with three-pointed antlers.
While some of its features may superficially resemble muntiacines, such as the quite long pedicles,
short nasal bones, large preorbital pits, and large upper canines, its basicranial morphology (Valli,
2010) and specialized cheek teeth (including the presence of the Palaeomeryx fold, strong
protoconal fold in upper molars, and advanced molarization of Ps) place Procapreolus within

Capreolinae. Lucentia pierensis (not included in the analysis) shows some morphological features
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of two-pointed antlers (such as the cylindrical antler axis and sub-rectangular antler cross-section
in the area of ramification: Azanza and Montoya 1995: fig. 6) that approach it to Procapreolus.

The genera Damacerus and Metadicrocerus are the closest to Procapreolus and share most of the
primitive features combined with typical features of Capreolinae, including the Capreolus-like
antler bauplan. Turiacemas concudensis from the Late Miocene of the Iberian Peninsula is possibly
related to Damacerus and Metadicrocerus, based on the sub-rectangular cross-section of the antler
in the area of the first ramification and the triangular shape of the cross-section of the first tine.

The cervid remains from Dytiko (Greece, MN13) described by Bouvrain and de Bonis
(2007) as "? Procapreolus sp." are possibly related to D. bessarabiae but are certainly not
conspecific. The Greek material is represented by fine dental remains and characterized by a
specific combination of advanced and primitive characters: P4 is not molarized, lower molars are
supplemented with a Palaeomeryx fold, and upper molars have an additional protoconal fold and
a hypoconal spur. Bouvrain and de Bonis (2007) suggested that the cervid from Dytiko was related
to Pavlodaria and Procapreolus, but its exact systematic position remained unclear. The primitive
P4 rules out its attribution to Procapreolus and suggests it is more similar to D. bessarabiae and
P. matheroni. However, unlike those two species, the deer from Dytiko is characterized by the
more advanced shape of the upper molar crowns, which are narrower and represent an evolutionary
advancement toward hypsodonty. The deer from Dytiko belongs to a new species, but a conclusive
opinion is only possible when diagnostic characteristics of antler morphology are available.

The Late Miocene saw the emergence of several cervid genera with a Capreolus-like antler
bauplan, including Procapreolus, Damacerus, and Metadicrocerus, and possibly Turiacemas.
Neomegaloceros gracilis (Fig. 4.1 D) and Palaeaxis loczyi, also belong to this evolutionary
radiation of telemetacarpal deer in Eastern Europe. N. gracilis is a relatively advanced deer with
short and anteroposteriorly compressed pedicles and a high position of the first ramification. The
study of the type specimen cast stored in MNHU revealed a partially destroyed distal antler portion
with a bilobed palmation that was terminated by four or five distal tines, and a triangular cross-
section of the first tine, similar to Damacerus and Metadicrocerus. N. gracilis has a well-
developed posterior tine that may be a homology of the posterior tine in Capreolus-like antlers.

Although the genus A/ces is related to the Late Miocene radiation of Capreolinae in Europe,
the earliest occurrence of elks is reported from the Pliocene of the Trans-Baikal Area (Vislobokova
et al., 1995). The extinct European Mio-Pliocene capreolines share several features with modern
elks, such as the general antler bauplan, the incomplete division of nasal cavities by the sagittal
plate of the vomer, the presence of the Palaeomeryx fold (still present in Alces gallicus), the

development of the protoconal fold in upper molars, the rectangular shape of beam cross-section
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below the palmation, and the development of additional antler prongs and tine bifurcations.
However, Damacerus and Metadicrocerus cannot be regarded as probable forerunners of Alces
because they are characterized by the advanced morphological trait of having nasal bones
extending caudally to the imaginary line connecting the anterior edges of the orbits. The
geographic center of elk evolution is most probably situated in the eastern regions of Eurasia,
where the earliest remains of Alces have been found (Vislobokova et al., 1995).

Cervodama pontoborealis Pidoplichko and Flerov, 1952, from Mariupol is a specialized
Capreolinae deer that belongs to the Late Miocene evolutionary radiation of telemetacarpal deer.
Its palmated antlers superficially resemble those of modern Alces (Korotkevich, 1970;
Vislobokova, 1990). However, the antler bauplan of C. pontoborealis is not identical to that of 4.
alces. Unlike modern elk antlers, the tines of the distal fork are stronger and do not form further
dichotomous bifurcations.

A. gallicus has been considered the most primitive direct ancestor of modern elks, standing
at the base of the elk evolutionary lineage (Azzaroli, 1952; Heintz and Poplin, 1981; Vislobokova,
1986; Lister, 1993; Boeskorov, 2001; Breda, 2001). The dentition of A. gallicus retains primitive
features such as the Palaeomeryx fold in lower molars, unmolarized P3, and the "Cervus-like"
facial morphology (Azzaroli, 1952; Boeskorov, 2005; Croitor, 2018b). However, this species
should be considered a specialized side evolutionary branch of elks, characterized by an important
advanced cranial feature, the short braincase. The braincase breadth/bregma to inion length ratio
in A. gallicus from East Runton (M6101, NHML) is 104.9%, indicating a rather short braincase
proportion. The same neurocranial index in A. latifrons from Mundesley (M6553, NHML) is
85.5%, indicating the primitive elongated proportion. The extremely elongated basal segment of
antlers (between the burr and the first ramification) in A. gallicus is, therefore, a far-reaching
evolutionary specialization of the side phylogenetic branch, not an initial primitive feature of elk
antlers. Consequently, the provided data on relative braincase length does not support Boeskorov's
(2005, 2006) view that 4. latifrons is a giant descent of A. gallicus. Nonetheless, I agree with
Boeskorov (2005) that A. latifrons could not be a direct ancestor of modern A. alces following the
principle of the irreversibility of evolutionary specialization. Some poorly defined taxa from
Southeastern Europe, such as Pseudalces mirandus Flerov, 1962, and Tamanalces caucasicus
Verestchagin, 1957, are often reported as side evolutionary branches of elks (Vislobokova, 1986,
1990; Boeskorov, 2001, 2005, 2006). In my opinion, 7. caucasicus from the final stage of the
Early Pleistocene of the Taman Peninsula is a junior synonym of Praemegaceros solilhacus

(Croitor, 2006a), while P. mirandus from the Pliocene of Kosiakino is a giraffid (Croitor, 2018a).
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The multivariate analysis based on craniodental characteristics places Capreolus together
with Hydropotes (Fig. 4.2), which is consistent with modern genetic studies (Randi et al., 1998;
Gilbert et al., 2006). C. capreolus is distinguished by the relatively short distance between parallel
pedicles, similar to Pliocervus and Pavilodaria. However, unlike Pliocervus and Pavlodaria, the
pedicles of Capreolus are positioned vertically on the skull roof. The short distance and parallel
orientation of pedicles in modern roe deer might be a secondary evolutionary acquisition, as the
oldest species of the genus, Capreolus constantini, is characterized by moderately divergent
pedicles, with a distance between them exceeding the pedicle diameter (Vislobokova et al., 1995;
Ogino et al., 2009).

The results indicate that the antlerless deer Hydropotes inermis is closely associated with
Capreolus. While the absence of antlers in Hydropotes has long been considered a primitive
morphological condition (Flerov, 1952), it is actually a far-reaching evolutionary specialization.
The origin of the remarkably specialized genus Hydropotes remains unclear from the
paleontological record. However, Platycemas infans Teilhard de Chardin and Trassaert, 1937,
from the Late Tertiary of Shansi (China), is characterized by very small antlers that appear
secondarily reduced. The antler of P. infans is set on a normally developed burr but is significantly
smaller in size, maintaining all the elements of a three-pointed Capreolus-like antler (Teilhard de
Chardin and Trassaert, 1937: fig. 8). Dong and Ye (1997) suggested that the type specimen of P.
infans is a pathological variation form of Cervavitus novorossiae. However, another discovery of
a Platycemas antler from the Pliocene of Mongolia (Vislobokova, 1983) suggests that we are
dealing with a true species with remarkably reduced antlers. Modern New World genera Mazama
and Pudu also exhibit a similar secondary reduction of antlers among Capreolines. Understanding
the origin and evolution of P. infans may provide insight into the origin of H. inermis.

Rangifer tarandus and Rangifer sp. from the Early Pleistocene of Isakovka-4, Siberia, are
associated with Odocoileus virginianus (Fig. 4.2). The Early Pleistocene Rangifer shares with
modern reindeer the shape of the neurocranium and dental morphology but retains the primitive,
parallel, and the caudally inclined pedicles (Webb, 2000; Bondarev et al., 2017). Rangifer and
Odocoileus both exhibit the complete division of the nasal cavity by a vertical plate of the vomer
and a unique characteristic, the development of the crown part of the antler.

Small-sized representatives of the subfamily Cervinae. The taxonomy and systematic
position of the so-called "Dama-like" or "Axis-like" small-sized deer from the Pliocene and Early
Pleistocene of Europe have been a subject of contradictory opinions. This is mainly due to an
inadequate and superficial assessment of the importance of certain antler and postcranial skeleton

morphological features. To address this, a hierarchical cluster analysis was conducted using
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available diagnostic cranial, dental, and antler characteristics of the "Dama-like" deer and some
well-known modern species, such as Cervus elaphus, Axis axis, Dama dama, Rusa unicolor, and
R. timorensis. The analysis revealed a complicated systematic situation of the fossil small-sized

deer, which cannot be classified under a single genus name Pseudodama (Fig. 4.3).
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Fig. 4.2. Cluster analysis of the diagnostic antler, cranial, dental, and some postcranial
characters of the Late Miocene “pliocervines” and selected modern and extinct
representatives of the subfamilies Capreolinae and Cervinae. The data on “Cervavitus
novorossiae” from the Late Tertiary of China are adapted from Zdansky (1925). The
cophenetic correlation coefficient is 0.823

The analysis results reveal interesting, but expected relationships among the deer species
of the subfamily Cervinae included in this study. The compared cervid species form two main
clusters: the red deer group including Cervus nestii (Azzaroli, 1947) from the Early Pleistocene of
Upper Valdarno (Italy), characterized by a narrow, wedge-shaped basioccipital, the presence of

upper canines, and a pearled antler surface, and the Axis-Metacervocerus-Dama cluster

characterized by a bell-shaped basioccipital, the loss of their canines, and a smooth antler surface.
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Fig. 4.3. Cluster analysis of the diagnostic cranial, dental, and antler characters of small-
sized Cervinae from the Early Pleistocene of western Palearctic (the so-called “Dama-like
deer”) and selected modern and fossil cervid species from the Oriental Zoogeographic
Realm. The cophenetic correlation coefficient is 0.9152

M. punjabiensis is included in the Metacervocerus cluster with M. pardinensis, M.
shansius, and M. rhenanus, which confirms the systematic and apparently phylogenetic unity of
those cervid forms. This result supports the inclusion of M. punjabiensis in the genus
Metacervocerus, as previously proposed by Croitor and Stefaniak (2009).

The association of Dama with Metacervocerus is surprising and based on the "adaptative"
antler bauplan shared by Dama and Metacervocerus. The apomorphic long nasal bones shared by
modern D. dama and M. rhenanus do not have decisive importance, as the primitive fallow deer
D. eurygonos is also clustered with Metacervocerus. Further discussion is required for the affinity
identified between Dama and Metacervocerus. Dama is an endemic, specialized genus with a
distribution restricted to the Euro-Mediterranean region that appeared in Europe during the Early
Pleistocene and does not have any closely related counterparts from the paleontological record of
Eastern Asia. "Dama" sericus Teilhart and Trassaert, 1937, is characterized by a completely

different antler bauplan that is reminiscent of Rucervus (Arvernoceros): the trez tine is missing,
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the first ramification is highly situated, the angle of the first ramification is acute, and the palmation
is formed by posterior crown tines, as in R. (Arvernoceros) ardei (Croitor, 2018a).

The earliest known fallow deer species, D. eurygonos, had already developed all the
specialized cranial and dental features that modern fallow deer possess, with the exception of short
nasal bones and missing distal palmation (Croitor, 2006b). Metacervocerus first appeared in
Europe during the Early Pliocene (Croitor and Stefaniak, 2009). Compared to its Asian
counterparts, M. pardinensis from the Pliocene of Europe is more advanced due to its relatively
short pedicles. However, it shares similarities in dental morphology with M. punjabiensis,
including the split lingual wall of P?, the additional enamel fold of the protocone on the upper
molars, and the inner hypoconal folding on the premolars (Heintz, 1970). The only distinguishing
feature of the dentition of M. pardinensis, which is the type species of the genus Metacervocerus,
is the development of the lingual cingulum on the upper molars. It is worth noting that a
Metacervocerus specimen from the Early Villafranchian fauna of Montopoli, Italy, which is
roughly contemporaneous with M. pardinensis, lacks cinguli in its upper molars. It is unclear if
the specimen from Montopoli represents a distinct taxon or if it provides evidence that the
development of cinguli is a variable character in M. pardinensis.

M. rhenanus, which dates back to the Early Pleistocene of Europe, lacks the cingulum on
the upper molars and is characterized by advanced features such as long nasal bones (Croitor,
2006b). Therefore, we share the cautious opinion of Azzaroli (1992) that European
Metacervocerus may belong together with Dama in the same stem group, although the
paleontological evidence of the early evolution of this cervid stock is still missing.

The distant sister relationship between Metacervocerus and Axis suggested by our analysis
is consistent with the earlier results of Bai et al. (2017) based on antler morphology and Mennecart
et al. (2017) based on bony labyrinth morphology. Generally, Metacervocerus shows a similarity
to Axis in the degree of evolutionary specialization. The relative length of the splanchnocranium
in M. rhenanus (55.1%, n=2) is very close to the mean value obtained for 4. axis (54.9%, n=4),
but is also similar to the relative splanchnocranium length in D. dama (55.0%, n=13).
Metacervocerus and Axis are characterized by similarly rounded and moderately large bullae
tympani and, with the exception of M. punjabiensis, by a similar relative length of the
neurocranium (Croitor, 2014). The difference in the development of the second antler ramification
suggests that Metacervocerus and Axis acquired three-pointed antlers independently and, thus,
represent two different phyletic lineages that evolved from different two-pointed antler
forerunners. Unlike Axis, Metacervocerus maintains primitive features of the upper cheek teeth,

such as a relatively long premolar series.
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M. punjabiensis is distinguished from 4. axis by its primitive narrow and long braincase.
Interestingly, this feature is shared with M. giganteus and D. dama, and supports the results of the
cluster analysis. Genetic studies have confirmed the close evolutionary relationship between Dama
and Megaloceros (Lister et al., 2004). According to the data obtained by Croitor and Robinson
(2020), M. punjabiensis shares the specific and primitive elongate proportions of the braincase
found in the Megaloceros-Dama phylogenetic lineage. The distinctive shape of the braincase of
M. punjabiensis suggests that the similarities in the braincase proportions between A. axis and M.
shansius and M. rhenanus may be the result of evolutionary parallelism. The Late Tertiary of
Eastern Asia has yielded a variety of cervines with three-pointed antlers, but their systematics and
phylogenetic relationships are still unclear (Shikama, 1941; Teilhard de Chardin and Piveteau,
1930; Teilhard de Chardin and Trassaert, 1937). Future revisions of Late Tertiary plesiometacarpal
deer from Eastern Asia may provide answers to questions about the phylogenetic relationships
among Metacervocerus, Dama, and other related forms.

Large-sized representatives of the subfamily Cervinae. The multivariate cluster analysis
of antler characters places Megaloceros giganteus close to Dama, with both species associated
with the genera Rucerus and Cervus (Fig. 4.4). Contrary to the widely accepted opinion that
Praesinomegaceros, Sinomegaceros, Megaloceros, and Rucervus (Arvernoceros) represent a
natural systematic group of Megacerini (Vislobokova, 1990, 2012; van der Made and Tong, 2008),
the multivariate analysis shows that the Praesinomegaceros/Sinomegaceros lineage is
morphologically quite distant from Megaloceros and Rucervus (Arvernoceros). The results
obtained also indicate that the cranial pachyostosis evolved in Megaloceros and Sinomegaceros
represents a case of physiological evolutionary parallelism and does not have taxonomic value
above the genus level. M. giganteus antecedens is the earliest form of giant deer in Europe that
shows adaptations to the wooded ecosystem and is likely a specialized form of the giant deer
lineage. The apparent "Sinomegaceros"-like antler shape of M. giganteus antecedens resulted from
the significant shortening of antlers, which caused the coalescence of the middle and posterior
tines with the distal palmation (Croitor, 2021). The analysis of antler morphology confirms the
close relationship between Megaloceros and Dama, which was recently demonstrated by
paleogenetic studies (Lister et al., 2005), and supports the relationship between Rucervus
(Arvernoceros) ardei and Rucervus duvaucelii (Croitor, 2018a). The Late Tertiary of Eastern Asia
has yielded a variety of cervines with three-pointed antlers, but their systematics and phylogenetic
relationships are still unclear (Shikama, 1941; Teilhard de Chardin and Piveteau, 1930; Teilhard

de Chardin and Trassaert, 1937). Future revisions of Late Tertiary plesiometacarpal deer from
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Eastern Asia may provide answers to questions about the phylogenetic relationships among
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Metacervocerus, Dama, and other related forms.
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Fig. 4.4. Cluster analysis of the diagnostic antler characters combined with pachyostosis
development of large-sized deer (Megaloceros, Sinomegaceros) and selected modern and
extinct deer species. The cophenetic correlation is 0.8481

The Cervus cluster accurately represents the relationships between C. elaphus, C.
canadensis, and C. nippon, which are consistent with genetic data (Ludt et al., 2004). However,
the relationships among some genera, such as Dama, Cervus, and Rucervus, are not adequately
resolved and do not correspond with genetic studies (Pitra et al., 2004; Gilbert et al., 2006). The
poor resolution of relationships among some genera suggests that antler morphology provides
useful criteria for species characterization within a genus or closely related genera but is
insufficient for distantly related genera. Therefore, the results obtained confirm the importance of

cranial characters as taxonomic and systematic criteria at the genus level.
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5.3. Matching fossil record and molecular phylogeny data at subfamily level

The results of molecular phylogenetic analysis confirm that the subfamily Cervinae,
comprising plesiometacarpal "Old World deer" with large multitined antlers, is monophyletic,
which is consistent with the previously accepted viewpoint (Pitra et al., 2004). Modern molecular
phylogenetic studies support the dichotomy of the family Cervidae into the informal groups of
Plesiometacarpalia and Telemetacarpalia, as described by Brooke (1878) (Pitra et al., 2004; Gilbert
et al., 2006). Mitochondrial and nuclear DNA analysis also supports the monophyletic nature of
the subfamily Cervinae (plesiometacarpal "Old World deer") in its traditional sense (Pitra et al.,
2004). Additionally, it has been shown that primitive tropical plesiometacarpal cervids with simple
two-pointed antlers, which were previously included in the "primitive" subfamily Muntiacinae,
are a sister phylogenetic group of cervines, and the cervine-muntiacine branch is distinct from the
"New World deer" and Eurasian telemetacarpal genera Capreolus, Alces, and Hydropotes (Pitra et
al., 2004; Gilbert et al., 2006). Therefore, the presiometacarpal type of limbs occurred only once
among modern cervids.

It is likely that deer of the subfamily Cervinae independently evolved the three-pointed
antler construction in several lineages. This explains the diversity of the three-pointed antler
construction type, resulting from the evolution of the second tine on the anterior side of the beam
(Metacervocerus and probably all Cervinae possessing the trez tine), or on the posterior tine
(Rucervus). It is possible that the origin of each three-pointed antler type evolved independently
in more than one lineage. Therefore, the radiation of Cervinae occurred at an earlier evolutionary
stage of a cervid with two-pointed antlers.

One of the most interesting results obtained by Pitra et al. (2004) and Gilbert et al. (2006)
is that the Cervinae (Muntiacini and Cervini) represent an extensive Tertiary radiation in the
eastern part of the Oriental Zoogeographic province that remains intact until the present day (Geist,
1998). The western part of the Oriental Zoogeographic province remained inaccessible for
Cervinae until the Early Pliocene when the Old World deer could overcome the Alpine-Himalayan
Mountain belt, which acted as a limiting zoogeographic border for Cervidae during the Tertiary
period (Heintz et al., 1990). "Cervavus" rutmeyeri Schlosser, 1903, "Procapreolus" latifrons
Schlosser, 1924, and the holometacarpal "Cervavitus" demissus Teilhard de Chardin and Trassaert,
1937 from the Tertiary of China and Mongolia differ from European Procapreolus and Damacerus
in their more robust antlers with cylindrical (not compressed from the sides) beam and tines, a
comparatively low position of the first anterior tine, as well as the always absent Palaeomeryx fold

in lower molars. These also belong to the tropical radiation of the Old World cervids.
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5.4. Matching fossil record and molecular phylogeny data at genus level

The evolution of specialized phylogenetic lineages within the subfamily Cervinae that
dispersed and evolved in the Palearctic zone of Eurasia is well-documented in the paleontological
record. Representatives of archaic Palearctic phylogenetic branches of plesiometacarpal deer
evolved adaptations to a broader range of ecological niches and colonized western Eurasia and the
Indian subcontinent during the Early Pliocene (Croitor and Stefaniak, 2009; Croitor et al, 2022).
The multiple dispersals of Cervinae into the Palearctic Zoogeographic Province could have
resulted from repeated North to South fluctuations of the Palearctic/Oriental zoogeographic border
in Eastern China, as described by Tong (2005) for the Pleistocene epoch.

Douzery and Randi (1997) suggest that the evolutionary diversification within the
subfamily Cervinae is a relatively ancient event that occurred from the Mio-Pliocene boundary to
the Early and Middle Pleistocene. These estimations agree with the first arrival of Cervinae
(Metacervocerus, Praeelaphus, Rucervus) during the Early Pliocene (MN15) in Eastern Europe
(Croitor and Stefaniak, 2009). Gilbert et al. (2006) confirmed that R. duvaucelii is grouped with
the genus Axis axis and represents the earliest radiation of Cervinae, as previously suggested by
Pitra et al. (2004). According to Pitra et al. (2004), the split between Axis axis, Rucervus
schomburgki, and R. duvaucelii on one hand, and the remaining Cervinae on the other, is located
at the base of the Cervinae phylogeny. Thus, the genera Rucervus, Axis, Praeelaphus, and
Metacervocerus most likely represent the first radiation of Cervinae.

According to Douzery and Randi (1997), the initial evolutionary diversification within the
phylogenetic stock leading to the genus Cervus occurred between 3.3 and 7.1 million years ago,
while the diversification at the subspecies level within C. elaphus took place during 0.4-2.5 million
years ago. The occurrence of Cervus nestii in the Early Pleistocene of Olivola (ca 2.0 Ma) and
Upper Valdarno (1.7 Ma) is consistent with the estimated time of evolutionary diversification
within the genus Cervus, as indicated by Douzery and Randy (1997). Cervus nestii exhibits typical
cranial morphology similar to modern red deer (Croitor, 2006b). Additionally, the frontal
orientation of the distal antler fork is a distinguishing characteristic shared by C. nestii and
primitive subspecies of red deer such as C. elaphus acoronatus, C. e. bactrianus, and C. e.
yarkandensis.

The divergence of Dama, the only modern genus not known from South-East Asia, from
Cervus and related cervines from South-Eastern Asia took place early, during the Early Pliocene,
estimated at around 3.0 million years ago. This finding agrees with the first occurrence of Cervinae
in Western Eurasia, which likely led to the local evolution of the genus Dama. The most probable

forerunner of Dama is Early Pliocene Metacervocerus pardinensis from Eastern Europe,
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characterized by simple tree-pointed antlers and a strong cingulum in upper molars. The oldest
record of Dama comes from the Early Pleistocene of the Upper Valdarno and Val di Chiana (Italy).
The cranial morphology of D. eurygonos from the Upper Valdarno is already advanced and does
not differ from modern D. dama. Although the antlers of D. eurygonos are primitive four-pointed,
they already show characteristics typical of the genus Dama, such as the very obtuse angle of the
basal tine and the crown tine inserted on the posterior side of the antler beam.

Analysis of the cytochrome b sequence of the extinct giant deer Megaloceros giganteus
has revealed its close phylogenetic relationship with Dama dama and D. mesopotamica (Lister et
al., 2005; Hughes et al., 2006). The earliest remains of M. giganteus date back to about 400 kyr
BP (Lister, 1994), but the estimated divergence of Dama and Megaloceros could have occurred
much earlier, around 10.7 Myr ago (Hughes et al., 2006), well before the forerunner of Dama
dispersed into western Eurasia. Unlike Dama, Megaloceros is characterized by a more primitive
cranial morphology, expressed in a less flexed braincase and less vertical position of pedicles. The
evolution of Megaloceros giganteus lineage took place in the dry woodlands with more or less
condinental climate of Eastern Europe and Western Siberia.

The results of hierarchical cluster analysis of craniodental characters of fallow deer and
giant deer confirm their evolutionary relationship and place them close to Metacervocerus
(Croitor, 2021). Megaceroides algericus from the Late Pleistocene and Holocene of North Africa
is morphologically similar to M. giganteus (Croitor, 2016). The little-known "Dama
mesopotamica" mugarensis di Stefano 1996 from the Late Middle Pleistocene of Tabun (Middle
East) is another interesting deer from the Mediterranean Area. This medium-sized cervid strongly
resembles Megaloceros with its flattened bifurcated basal tine, significantly flattened antler beam,
and the presence of cingulum in upper molars. The cervid from Tabun appears soon after the
dispersal of Megaloceros in Europe and possibly belongs to the Megaloceros-Megaceroides stock
and is a direct forerunner of M. algericus. M. algericus is an interesting example of adaptation to
an ecological niche (periaquatic or semiaquatic herbivore) where a cervid could avoid ecological
competition with African bovids.

According to Douzery and Randy (1997), the Capreolinae clade may have originated
between 8.7 and 10.4 million years ago (Ma). This estimate is consistent with the stratigraphic
distribution of archaic capreolines such as Pliocervus matheroni (MN 12-13, 5.3-8.2 Ma),
Procapreolus ucrainicus (MN 11-12, 7.1-9.0 Ma), and Palaeaxis loczii (MN 10, 9.7 Ma) (Vallj,
2010). Like Cervinae, the Late Miocene radiation of Capreolinae included a range of ecological
and evolutionary forms, including Metadicrocerus with large palmed antlers and the hog-deer-like

Procapreolus from Eastern Europe, Pliocervus from Western Europe with large upper canines and
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four-tined antlers, and Pavlodaria from Kazakhstan with flattened four-tined antlers. Although
holometacarpal limbs with advanced reduction of proximal portions of lateral metacarpals are
known for Metadicrocerus (Croitor, 2021), the holometaparpality of other Late Miocene cervids
from Eastern Europe has not been demonstrated yet (Azanza et al., 2013). The earliest finding of
Capreolus in Udunga, Trans-Baikal area of Russia (Vislobokova et al., 1995) suggests that the
origin of roe deer occurred in the eastern part of Palearctic.

The origin of Alces could be related to a cervid similar to Metadicrocerus variabilis, which
is characterized by short and comparatively stronger divergent pedicles and large antlers that tend
to evolve palmations. The time of divergence of Capreolini+Alceini (7.4 Ma) according to Gilbert
et al. (2006) corresponds to the occurrence of Metadicrocerus in Vallesian-Turolian of Moldova

(MN 10-12, 7.1-9.5 Ma) (Petronio et al., 2007; Dong, 2011).

5.5. Conclusions to Chapter 5
1) Deer antlers primarily serve as a means of intraspecific communication between males
during the rutting period, through combats and displays. However, antler evolution can also be
influenced by other factors that indirectly affect communication. Larger body mass increases the
risk of fatal combats, which has led to the development of protective basal and middle tines. The
posterior tine has evolved in several deer lineages adapted to open landscapes as an adaptation

against ectoparasites that weaken males and reduce their vigilance during the rutting period

(Croitor, 2020).

2) Small "Dama-like" deer, often included in the genus Pseudodama Azzaroli, 1992,
belong to different modern and extinct genera, including Cervus, Dama, Metacervocerus, and

Praeelaphus (Croitor, 2006b; Croitor and Robinson, 2020).

3) Craniodental diagnostic characters confirm the close relationship between Megaloceros,
Dama, and Praedama. The evolutionary relationship between Dama and Megaloceros, revealed
by molecular phylogeny data, agrees with the results of the cluster analysis of craniodental
characters (Croitor, 2021). However, the supposed close relationship between Megaloceros and
Sinomegaceros is not supported by antler morphology (Croitor, 2021; Croitor et al., 2021).

4) The estimated evolutionary divergence between Cervinae and Capreolinae, based on
molecular phylogeny data, agrees with the occurrence of archaic Capriolinae in Late Miocene

Europe (Croitor, 2014; 2021).
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5) Cervid forms from the Late Neogene of the eastern Palearctic reported as "Cervavitus
novorossiae" do not exhibit morphological features of capreolines and require systematic revision
(Croitor, 2021).

6) Metacervocerus, Rucervus (Arvernoceros) and Praeelaphus, from the Early Pliocene of
Eastern Europe, represent the early evolutionary radiation of Cervinae that occurred in Southeast
Asia (Croitor, 2018b).

7) The chronology of the evolutionary divergence of Dama, based on molecular phylogeny
data, corresponds to the arrival of the first "Dama-like" deer of the genus Metacervocerus in

western Eurasia (Croitor and Robinson, 2020).
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6. PALEOBIOGEOGRAPHY OF DEER FROM THE WESTERN PALEARCTIC
6.1. Paleobiogeography of subfamily Capreolinae

The phylogenetic clade of modern Eurasian Capreolinae is significantly depleted since
many of the evolutionary branches have gone extinct (Geist, 1998). This can be explained by the
fact that the adaptive radiation of Capreolinae occurred in the temperate latitudes of Eurasia, which
were strongly affected by climate changes. In contrast to coeval Cervids from the Oriental
evolutionary radiation, the Late Miocene "crown cervids" from Eastern Europe share a relatively
uniform morphology of dentition, indicating a different evolutionary path. In all European and
North Asian genera (Procapreolus, Metadicrocerus, Pliocervus, Pavlodaria), lower molars are
reinforced with the Palaeomeryx fold, and the lower fourth premolar (P4) shows a trend toward
early advanced molarization in combination with a relatively long premolar series.

The paleobiogeographic history of telemetacarpal and plesiometacarpal deer may explain
the differences between Capreolinae and Cervinae. The evolutionary radiation of telemetacarpal
deer in western Eurasia occurred in the conditions of the Mediterranean biome, which emerged
during the Late Miocene. The biome of southwest Europe, where the highest diversity of primitive
capreolines is found, gradually transitioned from mixed warm forests to the Mediterranean biome
(Mosbrugger, 2008). The emergence of Mediterranean-type climates, triggered by the growth of
the East Antarctic ice sheet and progressive global cooling, according to Allen (1996) and Rundel
et al. (2016), may have caused this transition. Unlike cervines, capreolines did not have extensive
refugia within the tropical climate latitudes, and all their evolutionary radiation occurred in rather
dry Mediterranean-type biomes. The telemetacarpal type of lateral metacarpal reduction is
possibly linked to the cursorial adaptation in relatively dry environments with hard ground, where
the maintained articulations of lateral digits with the preserved distal portions of the second and
fifth metacarpals could be an adaptation preventing their displacement and wounding.

The earliest known representatives of the subfamily Capreolinae are reported from the Late
Miocene sites of Otovasca 1 (MN9, Moldova) and Raspopeni (MN10, Moldova) as Procapreolus
sp. and Cervavitus sp. respectively (Lungu and Rzebik-Kowalska, 2011). A diversified group of
primitive capreolines also exists from the Late Miocene of the Iberian Peninsula. This group of
archaic Capreolinae is represented by a small-sized muntjac-like deer ("Muntiacinae gen et sp.
indet.") from the Late Miocene site of Creventille-2 (Spain) (Croitor, 2021). The cervid from
Creventille-2 was as large as modern barking deer; however, it is characterized by relatively
narrower and higher upper molars when compared to Asian muntjacs (Croitor et al., 2020). Deer

of the genus Lucentia (L. iberica and L. pierensis) from the Late Miocene of the Iberian Peninsula
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(MN11) are somewhat larger but maintain the primitive two-pointed antlers with a very high
position of bifurcation (Azanza, 2000).

The next stage of capreoline evolution is characterized by three-pointed antlers, which are
represented by the genus Procapreolus. Procapreolus had the most diversified evolutionary
radiation among the early capreolines, with at least nine species, and dispersed as far as eastern
regions of Eurasia (Croitor et al., 2020). The evolutionary radiation of Procapreolus is marked by
the rather uniform shape of three-pointed lyre-shaped antlers and various combinations of
advanced and primitive characteristics of dentition. Procapreolus maintained an archaic feature of
large upper canines (Croitor et al., 2020). The three-tined antlers with a high position of the first
ramification and a distal more or less dichotomic fork represent the most common antler bauplan
of Capreolinae, as maintained, for instance, by modern Capreolus. This is the initial stage for
practically all known diversity of antler shape in telemetacarpal deer, including the Old World
genus Alces and the American Capreolinae. The transition from the three-pointed antler condition
of Procapreolus to a more specialized antler shape is represented by Damacerus bessarabiae,
which acquired an additional morphologically variable distal tine. Despite the advanced
specialization of antlers that evolve a small distal palmation, D. bessarabiae maintains primitive
features of dentition, such as the unmolarized lower fourth premolar and the strong Palaeomeryx
fold in lower molars. The next stage of evolution is represented by Metadicrocerus variabiilis,
which maintained the basic three-pointed antler bauplan but evolved multiple tine bifurcations of
its palmated antlers. It is worth noting that a similar way of evolving multi-tined palmated antlers
is assumed for Alces (Bubenik, 1990).

The earliest known cervid fossil with the frontal bone shape characteristic of elk, featuring
a sideward orientation of the pedicle, comes from the Pliocene of Udunga in the Trans-Baikal Area
(Vislobokova et al., 1995). The oldest known A. gallicus remains come from the Middle
Villafranchian of Navrukho (Tajikistan) and Livenzovka (Azov Sea Area of Russia) (Vislobokova,
1986; Nikolsky and Titov, 2002). Eurasian fossil elks are generally considered chronospecies of a
single phyletic lineage with gradual increases in body size and shortening of antler beams
(Azzaroli, 1953; Heintz and Poplin, 1980; Lister, 1987; Breda and Marchetti, 2005; Nikolsky,
2010). However, the Pleistocene European elk species are likely to be specialized side branches,
such as 4. gallicus, which has an extremely evolved antler morphology and a very large antler
span caused by elongation of the basal segment of the antler. Out of all species in the Alces genus,
A. gallicus has the most specialized antlers and is the most divergent from the initial capreoline
antler bauplan. Nevertheless, some features (Palaeomeryx fold, unmolarized P3, long nasal bones)

are still primitive. The relatively short braincase of A. gallicus suggests that it is an advanced elk
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form that likely represents a side evolutionary branch that dispersed to Western Europe, with river
meadows in the temperate open plains of Asia serving as the probable ecosystem where it evolved.
The unmolarized P3 of North American Cervalces scotti and Eurasian A. gallicus indicate that
these species belong to the first successful evolutionary radiation of elks, preceding the Ps3
molarization process observed in Alces latifrons. A. latifrons, in its turn, is distinguished by its
elongated braincase, cannot be directly linked to European 4. gallicus, suggesting that 4. latifrons
evolved in Asia and replaced 4. gallicus during the early Middle Pleistocene (Croitor, 2918b).

The origin of Rangifer is believed to be related to the middle latitudes of Siberia as well.
The discovery of a frontoparietal skull fragment of Rangifer sp. from the Early Pleistocene of
Isakovka-4 (Omsk, Russia) dated back to 2.1-1.8 Ma suggests that Northern Eurasia may be a
possible center of reindeer origin (Bondarev et al., 2017). The specimen from Isakovka-4 is
characterized by the typical reindeer frontoparietal suture and the short and broad braincase. The
pedicles, unlike those of modern reindeer, are inclined backwards and set parallel to each other,
demonstrating the primitive cervid morphological condition. The associated fauna and flora
indicate rather warm climate conditions (Bondarev et al., 2017).

All known Middle and Late Pleistocene reindeer of Eurasia share a peculiar specialized
antler shape with the short distance between the first and second tines with the advanced American
barren-ground caribou. This has led Geist (1998) to suggest that all reindeer from the Middle and
Late Pleistocene of the Old World stem from this advanced North American form. According to
Geist (1998), the first immigration event of reindeer in Eurasia occurred during the Riss Glaciation.
While there is a genetic gap between the North American forest caribou and barren ground caribou,
the genetic distance between the tundra subspecies R. tarandus tarandus and the forest subspecies
R. tarandus fennicus is not as large (Geist, 1988). Based on mitochondrial DNA analysis, the
modern Eurasian tundra and forest subspecies have a diphyletic origin from a smaller refugium in
western Eurasia situated in close connection to the extensive ice sheet that covered Fennoscandia,
and a larger refugium of Beringia (Reed, 2005).

The paleontological record does not contradict genetic data: apparently, the origin of the
fossil reindeer with relatively small teeth known as “R. tarandus guettardi” took place in the
smaller Western refugium, while the origin of R. tarandus constantini is related to the Beringian
refugium. During the last glacial maximum, R. tarandus constantini dispersed westward and
mixed with local European reindeer forms (Croitor, 2010).

Rankama and Ukkonen (2001) suggest that Western Europe is the area of origin of modern
tundra reindeer. Unlike fossil Rangifer, modern subspecies of Eurasian reindeer are concentrate

feeders with small cheek teeth and reduced lower incisors and canines that do not participate in
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food gathering (modern reindeer take the forage by their lips) and have an enlarged nasal cavity
representing an adaptation to breathing cold and dry air (Flerov, 1952; Sokolov, 1959). Specific
adaptations of R. tarandus fennicus to forest habitats evolved after forest extension in the
postglacial time and have a secondary character (Geist, 1998; Raed, 2005). According to Rankama
and Ukkonen (2001), the origin of forest reindeer could be related to the forested refugium in the
East from Fennoscandia. This hypothesis finds its support in Alekseeva (1990), who mentioned a

finding of a fossil reindeer skull from Tatarstan (Russia) similar to modern R. tarandus fennicus.

6.2. Dispersals and paleobiogeography of Cervinae in western Eurasia

Cervines have undergone an evolutionary radiation that is zoogeographically compact and
primarily centered in the eastern part of the Oriental zoogeographic province, remaining generally
intact until the present day (Geist, 1998). The subfamily Cervinae, as currently understood
(including Muntiacini and Cervini) proposed by Grubb (2000) and confirmed by genetic studies
(Pitra et al., 2004; Gilbert et al., 2006), represents a broad Late Neogene radiation from the most
primitive Muntiacus and Elaphodus with simple antlers and large upper tusks to the larger
Rucervus, which evolved complicated richly branched antlers (Rucervus schomburgki). Unlike the
subfamily Capreolinae, which represents an evolutionary radiation of telemetacarpal deer in the
temperate latitudes of western Eurasia, the subfamily Cervinae represents a southern Oriental
radiation of plesiometacarpal deer that took place in tropical latitudes. The eastern part of the
Oriental zoogeographic province is the area of highest diversification of the subfamily Cervinae
and the hypothetical center of the initial radiation of plesiometacarpal deer (Geist, 1998; Di Stefano
and Petronio, 2002; Croitor, 2014).

During most of the Neogene, the dispersal of Cervinae was restricted to the eastern part of
the Oriental zoogeographic province because the Alpine-Himalayan mountain belt and the climate
gradient toward the north created effective zoogeographic borders for the Cervines (Heintz et al.,
1990). The Indian subcontinent, as well as western Eurasia, were colonized by plesiometacarpal
deer almost simultaneously during the Pliocene (Croitor et al., 2021).

The overview of Late Miocene cervids from western Eurasia demonstrates a remarkable
absence of deer belonging to the subfamily Cervinae. The first representatives of this subfamily
appear in the Early Pliocene faunas of Eastern Europe and belong to three different genera with
varying degrees of evolutionary specializations: Praeelaphus australorientalis, P. warthae,
Metacervocerus pardinensis, and Rucervus (Arvernoceros) ardei (Croitor and Stefaniak, 2009).

These enlisted species took their origin from the first important Late Miocene radiation of
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Cervinae, which is currently represented by Axis axis and Rucervus duvaucelii from South-East
Asia (Pitra et al., 2004).

Rucervus is the longest-lived lineage of plesiometacarpal deer in western Eurasia. The
earliest record of Rucervus (Arvernoceros) comes from the Early Pliocene of Weze-1, Poland
(Croitor and Stefaniak, 2009). The remains of R. (Arvernoceros) ardei are known from the Late
Pliocene of France, Spain, and Moldova (Heintz, 1970; Croitor, 2009). The successive
evolutionary stage of this lineage is represented by R. radulescui, which was the size of a red deer,
from the Early Pleistocene of Romania, and R. verestchagini, which was the size of a wapiti, from
the Early Pleistocene of Moldova and Crimea (Croitor, 2018a).

The lineage of Rucervus survived in the Iberian glacial refugium as the endemic specialized
form Haploidoceros mediterraneus until the Late Pleistocene. New data on antler morphology
provided by remains of H. mediterraneus retrieved from Cova del Rinoceront suggest that this
species belongs to the phylogenetic stock of Rucervus (Arvernoceros). This conclusion is based
on the presence of vestigial or atavistic posterior crown tine in the antlered skull CR-6189,
combined with cranial morphology, which is consistent with this phylogenetic relationship
(Croitor et al., 2020).

The dental morphology and shape of short pedicles and the proximal portion of antlers
confirm the probable direct phyletic relationship between H. mediterraneus and “Cervus
elaphoides” from the Early Pleistocene site of Venta Micena. The small accessory prong situated
on the first tine or in the area of basal ramification in “Cervus elaphoides” from Venta Micena
confirms its affinity to modern R. duvaucelii and Early Villafranchian R. (4.) ardei. Unlike R. (4.)
ardei, the cervid from Venta Micena is characterized by the absence of cingulum in upper molars
and the frequent molarization of P4. We agree with Lister’s (1990) opinion that the small-sized
cervid from Venta Micena is a genuine and yet undescribed species (Croitor et al., 2020)

The masticatory apparatus of H. mediterraneus represents several superimposed
morphological adaptations that resulted in an unusual combination of morphological features:
relatively large cheek teeth and narrow, pointed premaxillary bones, as seen in browsing
herbivores. H. mediterraneus from Cova del Rinoceront was the last representative of the long-
lasting R. (Arvernoceros)—Haploidoceros lineage, which went extinct during the Late Pleistocene
when modern fallow deer dispersed into the Iberian Peninsula. Late Pleistocene fallow deer from
Iberia are known to exist in the context of temperate interglacial faunas (Alvarez-Lao et al., 2013).
It can be assumed that Late Pleistocene D. dama was an ecologically more flexible faunal
immigrant on the Iberian Peninsula, competing with local H. mediterraneus for the same resources.

It is important to note that H. mediterraneus evolved in the geographically isolated Iberian glacial

260



refugium, which had no direct geographic contact with geographically interconnected Italian,
Balkan, and Anatolian refugia. The paleobiogeographic isolation of the Iberian glacial refugium
allows us to presume that H. mediterraneus was poorly adapted to the resource competition with
faunal invaders from the oriental glacial refugia. The competitive exclusion of H. mediterraneus,
caused by the dispersal of modern fallow deer in combination with climate change, is the most
plausible reason for the extinction of this Iberian Pliocene faunal holdover.

The genus Praeelaphus is a phylogenetic lineage of plesiometacarpal deer that appeared in
the Early Pleistocene of Europe and has had a long evolutionary history in the western Palearctic.
Praeelaphus is represented in western Eurasia by several forms distinguished by body size and
some details in antler morphology. Deer of the genus Praeelaphus are characterized by primitive
dental morphology. However, the length of the braincase in Praeelaphus is relatively short, while
four-pointed antlers are rather specialized in their flattened distal portions and other morphological
details. The shape of the basioccipital in Praeelaphus suggests that this genus does not belong to
the evolutionary stock of Cervus elaphus (Croitor, 2017).

The two earliest species of the genus, P. australorientalis and P. warthae, represent two
sister lineages of this genus in western Eurasia. Other species of the genus, including the better-
known P. perrieri from the Late Pliocene of Western Europe, represent the local evolution of the
warthae lineage. Like the deer of the Arvernoceros lineage, Praeelaphus was adapted to rather
warm climate conditions and became extinct in most parts of the western Palearctic during the first
glacial pulses that marked the beginning of the Pleistocene (Croitor, 2017).

The last representatives of the genus Praeelaphus survived in the Pleistocene glacial
refugia of western Eurasia, such as Transcaucasia (the Early Pleistocene of Dmanisi, Georgia) and
the Italian Peninsula (the Early Pleistocene of Olivola, Tuscany). Most probably, the endemic
dwarfed deer Cervus (Euryceros) messinae Pohlig, 1909 from the Middle Pleistocene of Sicily, is
the latest representative of Praeelaphus that survived in the conditions of insular isolation.
Praeelaphus messinae is characterized by roe-deer-like body size and some features of antlers
(such as the flattened area of antler ramification and the pyriform beam cross-section) that are
characteristic of continental Praeelaphus.

The shape of the basioccipital is a useful taxonomic criterion within the plesiometacarpal
Cervinae. The narrow V-shaped basioccipital is characteristic of Cervus elaphus, but it is also
present in other species such as Muntiacus muntjak, Panolia eldii, Rucervus unicolor, and
Elaphurus davidianus (Croitor, 2014). It can even be observed in the skull of Przewalskium
albirostris illustrated by Flerov (1952: fig. 40). According to the results of genetic analyses by
Pitra et al. (2004) and Gilbert et al. (2006), C. elaphus, E. davidianus, P. albirostris, P. eldii, and
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R. unicolor form a single phylogenetic group, and thus these authors suggest including these
modern species in the genus Cervus sensu stricto.

The broadened basioccipital pharyngeal tuberosities are shared by Praeelaphus
australorientalis, P. warthae, and P. cf. lyra from Olivola, suggesting that this archaic European
lineage likely diverged very early from the Cervus phylogenetic branch. The same shape of the
basioccipital bone is also found in Axis axis, R. duvaucelii, and Dama dama, as well as in most
extinct European genera such as Metacervocerus, Arvernoceros, Eucladoceros, Praemegaceros,
and Megaloceros (Croitor, 2014). Genetic analysis has shown that 4. axis and R. duvaucelii split
from the main stock of Cervinae very early (Pitra et al., 2004) and represent the earliest radiation
of Cervinae along with Praeelaphus, Arvernoceros, and Metacervocerus (Croitor, 2014). Unlike
Dama, P. australorientalis is characterized by small bullae tympani with an irregular shape (an
ancestral character) and a relatively short and broader braincase (an advanced character).
Therefore, the cranial morphology of P. australorientalis and fallow deer represents two different
and mutually exclusive directions of specialization

The relative length of the braincase, the shape of the basioccipital, and the relative length
of pedicles are characteristics that bring P. australorientalis closer to M. rhenanus. However, M.
rhenanus, a cervid with larger rounded bullae tympani and simple three-pointed antlers with a
cylindrical beam (which has a regularly circular transversal section), is distinct from P.
australorientalis. Furthermore, even if we assume that the advanced morphology of P.
australorientalis' antlers is a result of parallel evolution of closely related lineages, its antlers do
not show morphological homology with those of M. rhenanus or M. pardinensis. The second tine
in P. australorientalis is located very close to the first tine and does not resemble the distal
bifurcation in Metacervocerus. Nevertheless, it is possible that Praeelaphus and Metacervocerus
are relatively closely related, as they may represent consecutive stages of evolutionary
specialization of antlers resulting from the same evolutionary radiation event.

Cervus nestii represents the earliest dispersal event of the genus Cervus in the Western
Palearctic. This small cervid is characterized by the typical modern red deer cranial morphology.
The frontal orientation of the distal antler fork is another specific characteristic shared by C. nestii
and the primitive extinct and modern subspecies of red deer, including C. elaphus acoronatus that
spread across western Eurasia in the early Middle Pleistocene. The local evolution of red deer in
western Eurasia produced a wide variety of subspecies and forms during the Middle and Late
Pleistocene. This diversity of forms most probably resulted from the combination of several
dispersal events from the east and local evolutionary processes in the western (the Iberian

Peninsula) and eastern (the Italian Peninsula, Balkans, and Anatolia) glacial refugia. The Italian
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Peninsula is interesting from a paleozoogeographic point of view since it had broader connections
with the Balkan Peninsula during the glacial periods and acted as a part of the Balkan-Italian
glacial refugium. The geographic isolation of the Italian Peninsula during the interglacial periods
caused the partial isolation of local red deer populations that created the conditions for the local
evolution of forms such as C. elaphus rianensis and C. elaphus aretinus. Wapiti Cervus canadensis
appeared in the Western Palearctic area during the Late Pleistocene in the context of periglacial
fauna (Croitor and Obada, 2018). C. canadensis and C. elaphus are vicariant species, based on
their ecological requirements and biogeographic distribution. The Western Palearctic wapiti
persisted into the Holocene in the refugia of the Scandinavian Peninsula and the Alpine area
(Croitor, 2020). Episodic climate cooling during the Younger Dryas prolonged the existence of C.
canadensis in the European fauna. The Alpine population of wapiti evolved into a specialized form
with palmated antlers, C. canadensis palmidactyloceros, which dispersed into the Italian
Peninsula, as well as colonized the Island of Capri, where it evolved into an endemic dwarfed
insular form, C. canadensis tyrrhenicus Azzaroli (Croitor, 2020).

The tribe Megalocerotini sensu lato (Vislobokova, 1990, 2013) is a polyphyletic group in
its traditional understanding. The tribe Megalocerotini Brookes, 1828, sensu stricto, with the
genera Praedama, Megaloceros, Megaceroides, and Dama, represents a monophyletic
phylogenetic branch that radiated in the western part of Eurasia. However, the present state of
knowledge does not provide a satisfactory diagnosis for this restricted group of genera containing
extremely specialized forms.

The cervid forms grouped under the terms "giant deer" or "large-sized deer" represent
several lineages that evolved similar convergent adaptations, such as large body size and
complicated palmated antlers, in similar conditions, i.e., open relatively dry woodlands of
temperate latitudes. The mandibular and cranial pachyostosis, reported as an important diagnostic
character of megacerines (Vislobokova, 1990, 2009, 2012, 2013), is a secondary metabolic
response to exogenic factors, primarily the marked seasonality (Lister, 1994; Croitor, 2006a,
2016). All known pachyostotic cervids belong to the subfamily Cervinae and evolved and lived in
the most peripheral and extreme parts of the distribution area of this subfamily (Croitor, 2016).
This is the case with M. giganteus, which had the extreme distribution range for Cervinae in the
cold middle latitudes of Eurasia. Sinomegaceros pachyosteus is another pachyostotic cervine
species that may have been affected by the repeatedly advancing arid zones of Central Asia.

Megaloceros giganteus and Dama dama share some primitive characteristics, such as the
relatively long braincase and short orbitofrontal portion of the skull, as well as some derived

characteristics like the long nasal bones that extend beyond the imaginary line connecting the
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anterior edges of the orbits. However, unlike Dama, Megaloceros retained primitive characteristics
such as the slightly flexed braincase and a rather oblique position of the pedicles on the skull. The
differences in antler morphology suggest that Megaloceros and Dama evolved their crown part of
antlers independently and in distinct ways. In fallow deer, including the earliest known species D.
eurygonos from the Early Pleistocene of Italy, the crown tines are inserted on the posterior side of
the beam, whereas D. clactoniana developed crown tines on both the anterior and posterior sides
of the beam, representing an exceptional derived feature among Dama. The anterior crown tine
may occasionally evolve in D. mesopotamica, but the development of supplementary occasional
prongs in different parts of the antlers is a characteristic feature of this species (Di Stefano, 1996).
In M. giganteus, the crown tines are inserted only on the anterior side of the beam and fringe the
distal end of palmation. The differences in antler morphology confirm a relatively distant
phylogenetic relationship between M. giganteus and modern fallow deer, which took place before
the evolutionary transition from three-tined to four-tined antlers (Croitor, 2021).

The phylogenetic relationship between R. ardei and M. giganteus, as assumed by Heintz
(1970), conflicts with important features such as the general antler bauplan and the relative length
of the braincase. Unlike M. giganteus, the crown part in R. ardei is composed of crown tines
inserted on the posterior side of the beam (Croitor, 2018a). Additionally, R. ardei is characterized
by the relatively short braincase, an advanced feature not present in M. giganteus, which maintains
relatively long primitive proportions of the braincase (Croitor, 2018b). The basal tine with the
additional prong in R. ardei is not homologous to the bifurcated and flattened basal tine of M.
giganteus. In giant deer, the range of ontogenetic and individual variation of the basal tine shape
passes through simple flattening without bifurcation, known as the “spoon-shaped” basal tine. This
“transitional” variant is not present in R. ardei (Croitor, 2021). The craniodental characters and
antler bauplan of R. ardei approach it to modern R. duvaucelii (Croitor, 2018a, b).

According to Azzaroli (1953, 1994), the flattened shape of the basal tine shared by
Praedama savini and M. giganteus may indicate a close phylogenetic relationship between them.
Some authors (Vislobokova, 1990, 2012, 2013; van der Made and Tong, 2008; van der Made,
2014, 2018) accept this viewpoint, but they do not provide additional arguments. The complete
antler of Praedama from the late Middle Pleistocene of Pinedo, Spain (Aguado, 1962), is of
particular interest because it is characterized by the bauplan that may be considered as initial for
the Praedama lineage and shows a striking similarity with the antler bauplan of M. giganteus. The
crown portion of the antlers from Pinedo has a peculiar comb-like construction with four crown
tines. Crown tines 1 and 2 (Fig. A.41) are homologous with the anterior crown tines in M.

giganteus, while the two distal-most crown tines are homologous with the distal crown tines in M.
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giganteus. Thus, the hypothesis of Azzaroli (1953, 1994) on close phylogenetic relationship of
Praedama and Megaloceros is supported by the results of the present study.

The Megaloceros-Praedama-Dama phylogenetic branch is likely related to the genus
Metacervocerus, which dispersed from Southeast Asia to Europe during the Early Pleistocene
(Croitor, 2021). Several species of Metacervocerus with simple three-tined antlers were present
during the Pliocene and Early Pleistocene of Eurasia. Some representatives of the genus, such as
M. pardinensis and M. punjabiensis, exhibit specific features (cingulum in upper molars and
relatively long braincase, respectively) that are also found in giant deer.

The origin of the Megaloceros phylogenetic branch is related to the open wooded habitats
of southwestern Siberia and northern Kazakhstan, which represent the core area of giant deer
evolution and geographic distribution. Praedama is a side evolutionary branch of the Megaloceros
lineage that dispersed into Europe by the end of the Villafranchian. Early representatives of
Praedama already possess the antler bauplan typical for Megaloceros and show weak development
of mandibular pachyostosis. Praedama giulii (Kahlke, 1997) from the late Early Pleistocene of
Germany is a specialized large cursorial deer with very long metapodials. This general
evolutionary specialization was maintained in most Eurasian giant deer forms.

Following the Pleistocene climate fluctuations, M. giganteus repeatedly dispersed into
Western Europe and gave rise to forest and woodland forms, such as M. giganteus antecedens, M.
giganteus ruffii, and M. giganteus megaceros. The advancing glaciations triggered geographic
isolations, southward dispersals, and local endemic evolutionary processes that gave rise to
specialized forms, such as M. giganteus padanus (Vialli, 1939) from the Late Pleistocene of Italy,
Megaloceros mugharensis (D1 Stefano, 1996) from the Middle Pleistocene of the Near East, and
Megaceroides algericus (Lydekker, 1890) from the Late Pleistocene-early Holocene of North
Africa. Therefore, Megaloceros represents one of the few exceptional cases of cervids colonizing
North Africa, possibly due to their physiological capacity to tolerate the brief seasonal shortage of
food supply (Croitor, 2016). The extreme evolutionary plasticity of giant deer antlers refutes the
long-held views on their large antlers as a harmful overspecialization that caused the extinction of
M. giganteus.

The genus Praemegaceros represents another lineage of large-sized deer that evolved a set
of morphological features convergent with Megaloceros. The oldest species of this genus,
Praemegaceros obscurus, is reported from Dmanisi, dated back to 1.81 Ma (Vekua et al., 2010),
suggesting a South Asian origin for the species. The origin of P. obscurus should be sought in the
paleontological record of the Sivalik Hills. Most of the antler characters of Panolia sp. from the

Siwalik Hills, including the strong basal tine, the strong backward bending of the beam, and the
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obtuse angle of the first ramification, correspond to the antler morphology of P. obscurus. The
accessory prongs in the area of the first ramification are also common for modern Panolia eldii
and recall the position of the dorsal tine in P. obscurus. Therefore, it can be assumed that P.
obscurus is a large-sized descendant of Panolia sp. from the Siwaliks.

The Cretan endemic genus Candiacervus is related to continental Praemegaceros. The
genus is represented by several dwarfed species that show various degrees of evolutionary antler
simplification and specialization (van der Geer, 2018). The less specialized species Candiacervus
devosi van der Geer, 2018 is characterized by a specific antler bauplan and the presence of all
structural elements of antlers, including the dorsal tine, the middle tine, and the posterior tine,
indicating a direct evolutionary relationship with a continental form of Praemegaceros (P.
obscurus or P. verticornis).

6.3. Conclusions to Chapter 6

1) Following the mass extinction of archaic Late Miocene Capreolinae in western Eurasia,
only a few lineages of telemetacarpal deer survived in the eastern part of the Palearctic (Capreolus,
Alces, Rangifer, Hydropotes). All these lineages are represented by arctic, boreal, and middle
latitude forms (Croitor, 2021).

2) The dispersal of Pliocene Cervinae into western Eurasia was an important event that
defined the modern biogeographic distribution of cervid subfamilies in Eurasia. The earliest
representatives of the subfamily Cervinae from Europe are related to the modern genera Axis and
Rucervus from the Oriental biogeographic realm (Croitor and Stefaniak, 2009).

3) The first occurrence of the modern Palearctic genera Cervus and Dama is recorded in
the Early Pleistocene of Europe and the Caucasian region (Croitor, 2006b).

4) The tribe Megalocerotini sensu lato is polyphyletic and includes cervid forms that belong
to three distinct phylogenetic branches: Rucervus (Arvernoceros) ardei, which belongs to the early
evolutionary radiation of Cervinae, Megaloceros, Megaceroides, Praedama, and Dama, which
represent a phylogenetic radiation that took place in the western part of Eurasia (Megalocerotini
sensu stricto); and the genus Praemegaceros, which is related to the Cervus elaphus evolutionary
stock (Croitor, 2016, 2018b).

5) The extinction of most Pleistocene Cervinae was caused by the ecological opportunism
specific to this ruminant group and their low degree of feeding specialization. Such an ecological
strategy makes plesiometacarpal deer good colonizers of new ecosystems but rather weak

competitors with other ruminants, including cervids (Croitor, 2018b).
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CONCLUSIONS AND RECOMMENDATIONS
1. Each of the modern cervid subfamilies, Cervinae and Capreolinae, resulted from ancient (Late
Miocene) adaptive radiations that occurred in two different zoogeographic provinces: the eastern
part of the Oriental province and the Palearctic province, respectively. Cervinae
(Muntiacini+Cervini) represent a broad Tertiary adaptive radiation in the eastern part of the
Oriental Zoogeographic province, which remains generally intact until the present. The majority
of phylogenetical lineages of Cervinae, which became extinct during the Plio-Pleistocene (such as
Eucladoceros, Praemegaceros, Arvernoceros, Praeelaphus, Megaloceros, etc.), had a temperate
and boreal latitude distribution.
2. The tribe Megalocerotini Brookes, 1828 (= Megacerini Viret, 1961) sensu lato is now
considered polyphyletic, as it includes forms of cervids that belong to three distinct phylogenetic
branches. Rucervus (Arvernoceros) ardei is part of the early evolutionary radiation of Cervinae.
Megaloceros, Megaceroides, and Praedama, along with the genus Dama, form a phylogenetic
radiation that occurred in the western part of Eurasia (known as Megalocerotini sensu stricto).
Finally, the genus Praemegaceros is related to the Panolia - Cervus phylogenetic branch.
3. In contrast to Cervinae, the modern Eurasian Capreolinae phylogenetic clade has experienced
significant depletion. The Late Miocene Pliocervus matheroni from Mont Luberon (France) is
closely related to Pavlodaria orlovi from Kazakhstan and therefore belongs in Capreolinae. The
subfamily Pliocervinae Symeonidis, 1974 is synonymous with Capreolinae Brookes, 1828, and
the tribe Pliocervini Symeonidis, 1974 should be included in the subfamily Capreolinae and
limited to the genera Pliocervus and Pavlodaria.
4. The genus Cervavitus, as traditionally understood, is polyphyletic. Taxonomic analysis
demonstrated that Cervavitus s.s. is a junior synonym of Damacerus, a monotypic genus from the
Late Miocene of Southeastern Europe. Both Damacerus bessarabiae Khomenko, 2013 and
Metadicrocerus variabilis (Khomenko, 2013) belong to the early evolutionary radiation of the
telemetacarpal deer, which is a subfamily of Capreolinae that evolved during the Late Miocene of
Europe. M. variabilis represents an early evolutionary stage of the telemetacarpal condition and is
characterized by Capreolinae-specific traits such as the general plan of antler construction, the
relatively long lower premolar series, the advanced molarization of P4, and the presence of the
Palaeomeryx fold in lower molars. The Palaeomeryx fold is a diagnostic feature of archaic
Capreolinae. The genus Lucentia represents the most primitive two-pointed stage of antler

evolution in Capreolinae.
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APPENDICES
Appendix 1. Tables

Tab. A.1. Procapreolus cusanus (Croizet and Jobert, 1828): measurements of the antlered
braincase from the collection of MNHN, Paris (the type specimen of Cervus buladensis)

Measurements mm
Frontal breadth 64.0
Breadth behind pedicles 57.6
Maximal breadth of braincase 67.5
Breadth of occiput 72.4
Height of occiput 48.2

Breadth of occipital condyles 39.3
Length of pedicle (sin/dx) 26.0/27.2

DAP pedicle (sin/dx) 19.2/18.8
DAM pedicle (sin/dx) 20.6 /20.0
DAP burr (sin/dx) 36.5/31.0
DLM burr (sin/dx) 38.4/32.9
DAP above burr (sin/dx) 26.2/21.2
DLM above burr (sin/dx) 26.0/22.3
L orbit — pedicle (sin) 56.2

Tab. A.2. Measurements of antlers and pedicles of Damacerus bessarabiae Khomenko, 1913
(the type specimens from Taraclia and the shed antler from Chisla) and Neomegaloceros
gracilis from Ananiev (the cast of holotype)

Measurements Damacerus bessarabiae Neomegaloceros gracilis
Nr 2384-494, | Nr 2384-579, OF 1331, cast of holotype
Taraclia Taraclia Chisla (MNHK)
L pedicle 53.0 20.0
DAP pedicle 21.3 21.0 29.7
DLM pedicle 20.5 22.0 31.8
H of ramification 72.0 67.0 135.2 114.0
DAP antler base 21.5 25.0 27.0 33.5
DLM antler base 15.6 16.5 26.0 30.7
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variabilis (Aleksejev, 1913)

Measurements left side | right side
L upper cheek teeth P>-M? 73.7
L molar series M'-M? 41.2
L premolar series P*-P* 36.3
D at M* 82.0

D at P? 59.5

D at orbits 104.0

D at frontal constriction 106.5

D of braincase behind pedicles 84.8
DAP of pedicle 31.2 32.4
DLM of pedicle 32.0 33.1
H of pedicle 23.6 23.6

Tab. A.3. Cranial measurements of the antlered skull Nr. 43-1612 of Metadicrocerus

Tab. A.4. Cranial measurements of Alces gallicus and Alces latifrons; (r), right; (1), left

Measurements (mm) A. gallicus, A. gallicus, East A. latifrons,

holotype (Nr. Runton (M6101, Mundesley
96134, PMUL) NHML) (M6553, NHML)

Frontal breadth ca.216.8 ca.281.4

L P>-M? 129.0

D behind pedicles 111.0 129.5

L bregma — inion 105.8 151.5

H basion — inion 115.2 111.4 144.4

D occipital 168.6 162.7 250.0

D occipital condyles 83.9 85.3 131.1

L P? — prosthion ca. 163.0

L antler 1160.+ (1)

D dorsoventral pedicle 62.6 (1) 63.2 (1) 95.5 ()

DAP pedicle 70.5 (1) 75.1 (1) 113.9 (1)

CFR pedicle 230.0 (1) 230.0 (1) 345.0 (D)

D dorsoventral above burr 65.6 (1) 59.0 (1) 95.3 (1)

DAP above burr 66.4 (1) 67.6 (1) 101.4 (1)

CFR antler base 209.0 (1) 200.0 (1) 320.0 (1)
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Tab. A.5. Measurements of the holotype of Rangifer tarandus tournalii (De Serres, 1829)
from the Tournal (Bize) Cave

Measurements mm
H of antler ramification above the burr 180
DAP pedicle 51.0
DLM pedicle 43.4
DAP antler base 48.1
DLM antler base 45.2
DAP of antler below ramification 65.0
DLM of antler below ramification 37.0

Tab. A.6. Measurements of cranial fragments of Rucervus (Arvernoceros) ardei Croizet and
Jobert, 1828 from Etouaires, France

Measurements PETIQS3 PET10§2 PETIOZO Slobozia

left | right | left | right right Mare

D at frontal constriction 122.0 110.3

D behind pedicles 99.1

L bregma — opisthocranion 78.7

D of occiput 134.6

H of occiput 81.0

D of occipital condyles 72.4

H of pedicle 25.0 (244 | 315 35.0

DAP of pedicle 47.7 | 51.8 | 42.5 38.3

DLM of pedicle 50.6 | 48.7 | 50.8 40.0

H first ramification 137.0 | 134.5 134.0 71.0

DAP of antler above burr | 63.1 56.2 48.0 27.3

DLM of antler above burr | 54.0 51.0 28.6
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Tab. A.7. Measurements of mandibles of large-sized deer (mm)

Species Cervus Praemegaceros Praemegaceros Rucervus | Rucervus sp. | Eucladoceros
canadensis solilhacus pliotarandoides gigans dicranios

Site Soleilhac Soleilhac Apollonia-1 Apollonia- | Liventsovka | Liventsovka

1

Collection 2003-4- 2003-4-439- APL-402 (sin) APL-384 LIV-836- LIV-604-

number 420-SOL SOL 1810/3 1801/9

L P»-M; 151.8 156.3 176.0 188.0 143.8 119.0

L P»-Py4 57.0 61.3 68.7 73.3 55.0 47.6

L M-M; 943 98.8 103.0 116.4 90.0 73.1

L mandible ~380.0

L diastema 125.0 105.0 ~95.0 102.1

L P, - for. 74.0 48.5 52.0 72.5 55.0 44.0

ment.

H diastema 25.3 21.2 22.5 23.8 22.6 16.7

H/P, 47.7 433 37.7 34.6 27.8

H/M; 48.5 50.6 43.1 41.3 333

H/M-M; 51.0 54.0 50.7 45.6 38.2

D/P; 17.6 17.2 16.5 14.2 12.5

D/M; 27.3 26.5 19,9 25.4 20.5 17.4

D/ M,-M3 31.3 29.8 23.4 28.1 23.2 20.6
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Appendix 2. Figures.

Fig. A.1. The holotype skull of Procapreolus moldavicus (Janovskaya, 1957) from
Lebedenco (= Fagadil), Cahul district, Moldova

Fig. A.2. Procapreolus moldavicus (Janovskaya, 1954): the male skull Nr. 220 (IZW) from
Weze-1 (Poland); A, the frontal view; B, the palatal view of rostral part (the alveolus of the
upper canine is indicated by the arrow); C, the side view
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Fig. A.3. The isolated M!-2 (Nr. 77, 1ZC) of Procapreolus moldavicus (Janovskaya, 1954)
from Tataresti, Moldova

10 cm

Fig. A.4. A, the holotype of Procapreolus vesti Korotkevich, 1970 (adapted from

Korotkevich 1970); B, the neotype of Procapreolus cusanus (Croizet & Jobert, 1928)
(adapted from Heintz 1970)
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Fig. A.5. Procapreolus cusanus (Croizet & Jobert, 1828) from Ravine Les Etouaires
(Issoire, France): the left ramus of mandible Nr. 5237, MNHN (“Collection of Croizet™). A,
the occlusion view of lower tooth row; B, the lateral view of mandible
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Fig. A.6. Antler fragments of Pliocervus matheroni (Gervais, 1852) from Cucuron, France:
A, left antler LUB-783 (anterior view) with transversal cross-sections; B, fragment of left
ramification with transversal cross-sections; C, LUB-782 (anterior view); D, LUB-782
(medial view); E, LUB-784 (anterior view)
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Fig. A.7. Dental morphology of Pliocervus matheroni (Gervais, 1852) from Cucuron: A,
occlusion view of the upper right incomplete tooth tow (P2, P4-M?) LUB-798; B, occlusion
view of lower fourth premolar (Ps) LUB-812; prtf, protoconal fold; etst, entostyle; mtcf,
metaconule fold; mtcd, metaconid; trgv, trigonid valley; prcd, paraconid

Fig. A.8. The antlered skull of Damacerus bessarabiae Khomenko, 1913 from Cimislia (no
number, PMUB): A, Right- side oblique view with transversal antler cross- sections; B,
frontal view of skull; ofrd., orbito- frontal ridge
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Fig. A.9. Antlered skull Nr. 43-1612 of Metadicrocerus variabilis (Aleksejev, 1913) from the
Late Miocene of Novoelizavetovka, Ukraine: A, side view; B, frontal view

Fig. A.10. The antlered skull Nr. 1923-4 (MNHN) of Croizetoceros ramosus (Croizet &
Jobert, 1828) from Sénéze
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Fig. A.11. The left ramus of the mandible Nr. 3286/5 (SMNH) of Alces sp. from Mosbach
(Germany). A, the side view of the mandible; B, the occlusion surface of the tooth row.
Note the complete fusion of the metaconid and paraconid in Ps.

Fig. A.12. The right antler of Rangifer tarandus tournalii (De Serres, 1829), holotype
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Fig. A.13. Praemuntiacus pidoplitschkoi (Korotkevich, 1964): the left antler with pedicle
from the Kuchurgan Gravel, Ukraine: A, the median view; B, the anterior view (adapted
from Kototkevich, 1965)

Fig. A.14. The neotype of Metacervocerus pardinensis (Croizet & Jobert, 1828) from
Perrier-Etouaires, France (MNHN, Paris): A, the lateral view; B, the median view
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Fig. A.15. The antlered male skull CEY-2-2318 (Museum of Prehistory of Les Eyzies-de-
Tayac) of Metacervocerus rhenanus (Dubois, 1904) from Ceyssaguet, France

Fig. A.16. The female skull of Metacervocerus rhenanus (Dubois, 1904) Nr. 210638 (PMUL)

from Sénéze, France
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Fig. A.17. The holotype Nr. 1 (IZW) of Praeelaphus warthae (Czyzewska, 1968) from Weze-

1, Poland: A, the side view; B, the occlusion view of right cheek tooth row

Fig. A.18. The holotype OF-24995 (NMENH) of Praeelaphus australorienalis Croitor, 2017
from Velikoploskoe (Ukraine): A, side view; B, occipital view
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Fig. A.19. The antlered braincase IGF1378 of Praeelaphus sp. from Olivola, Italy: A, side
view; B, anterior view of the distal part of left antler; C, upper view of the occipital profile;
D, posterior view of the braincase; E, basioccipitale view of the braincase

Fig. A.20. The left antler of Praeelaphus messinae (Pohlig, 1909) from the Pleistocene

deposits of the Puntali cave (Sicily): A, medial view; B, lateral view
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Fig. A.21. The right shed antler of Rucervus (Arvernoceros) ardei Croizet et Jobert, 1828
from Slobozia Mare (the Museum of Slobozia Mare, Cahul District, Moldova): A, lateral

view; B, anterior view

Fig. A.22. Rucervus radulescui sp. nov. from Valea Graunceanului: holotype, the left shed
antler “GR-965, c. 17, v. 690” (Institute of Speleology “Emil Racovita”; ISER): (A) medial
view; and, (B) basal view
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Fig. A.23. Rucervus gigans Croitor, 2018 from Apollonia-1: the lateral view of the left
mandibular ramus APL-384 (syntype; School of Geology of the University of Thessaloniki,
SGUT) and the shape of the occlusal surface of toothrow

Fig. A.24. Rucervus gigans Croitor, 2018 from Apollonia-1: the left maxilla APL-274
(syntype; SGUT) with tooth series P2-M3: grinding surface view

Fig. A.25. Rucervus gigans Croitor, 2018 from Apollonia-1: the basal fragment of antler
APL-357 (syntype, SGUT)
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Fig. A.26. The lectotype LV-1-9-1179 of Haploideceros mediterraneaus (Bonifay, 1967) from
Lunel-Viel (France)
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Fig. A.27. The antlered skull of Haploideceros mediterraneaus (Bonifay, 1967) from Cova
del Rinoceront (Spain)
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Fig. A.28. Lower mandible and lower cheek tooth rows of Haploideceros mediterraneaus
(Bonifay, 1967) from Cova del Rinoceront (Spain)

Fig. A.29. Antler shape of (A) Sinomegaceros insolitus (Vekua et al., 2010) from the Early
Pleistocene of Dmanisi (Georgia) and (B) Sinomegaceros pachyosteus from the Middle
Pleistocene of northern China (adapted from Teilhard de Chardin and Pei, 1941)
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Fig. A.30. The partially preserved skull of Eucladoceros dicranios (Nestii, 1841) from Upper
Valdarno, Italy (stored in the University of Florence): A, side view; B, cross-section of the
antler below the basal ramification; C, occlusion view of the upper cheek tooth row
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Fig. A.31. The antler shape of various forms of Eucladoceros from the western Palearctic:
A, E. ctenoides ctenoides (Nesti, 1841) from Upper Valdarno, Italy (IGF377, MGUF); B, E.
ctenoides falconeri (Dawkins, 1868) from Sénéze, France (MNHN); C, E. ctenoides
olivolanus (Azzaroli and Mazza, 1992) from Olivola (IGF1402, MGUF); D, E. ctenoides
tetraceros (Dawkins, 1878) from Peyrolles, France (34409, NHML); E, E. dicranios (Nesti,
1841) from Upper Valdarno, Italy (IGF270, MGUF); F, E. aff. boulei Teilhard de Chardin
& Piveteau 1930 from Kapetanios, Greece
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Fig. A.32. The skull of Eucladoceros ctenoides falconeri (= Eucladoceros senezensis) from
Seneze. The specimen is in the paleontological exposition of the National Museum of
Natural History, Paris

Fig. A.33. The shed antler of Praemegaceros obscurus from Salcia (Moldova): A, lateral
view; B, medial view; C, upper view
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Fig. A.34. Praemegaceros and related genera: A, Panolia eldii; B, Praemegaceros obscurus
from Pietrafitta, Italy (IGF 4024); C, Praemegaceros obscurus from Rotbav Silverstu,
Romania; D, Praemegaceros dawkinsi from the Forest Bed Formation, England; E,
Candiacervus devosi (adapted from van der Geer, 2018); F, Praemegaceros pliotarandoides
from Aliakmon, Greece (adapted from Melentis, 1967). Abbreviations: bs, basal tine; ds.,
dorsal tine; m., middle tine; p., posterior tine; cr. crown tines

Fig. A.35. The antler vauplan of Praemegaceros (Nesoleipoceros) cazioti (A) and
Praemegaceros (Nesoleipoceros) solilhacus (B); abbreviations: b., basal tine; m, middle tine;
p., posterior tine; Cr., crown tines
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Fig. A.36. The left hemimandible APL-491 of Praemegaceros (Orthogonoceros)
pliotarandoides (De Alessandri, 1903) from the late Early Pleistocene of Apollonia-1, Greece

Fig. A.37. The antlered skull of a young adult male IGF 243 (MGUF) of Cervus nestii
(Azzaroli, 1997) from Figline; oblique view
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Fig. A.38. The distal fragment of antler of Cervus canadensis from the Paleolithic site of
Climauti (Moldova)

Fig. A.39. Modern and fossil subspecies of Cervus canadensis: A, Cervus canadensis
sibiricus, frontal view (adapted from Stepanova and Argunov, 2016); Cervus canadensis
combtayicus, frontal view; C, upper view of the distal portion of antler
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Fig. A.40. Megaceroides algericus (Lydekker, 1890): the male skull from Guyotville (now
Ain-Benian, Algeria) stored in Paris (NMNH, “Collection of Arambourg”, no number): A,
side view; B, frontal view; C, palatal view. Scale bars: S cm
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Fig. A.41. Antler bauplan of Megaloceros and Praedama: (A), Megaloceros giganteus
giganteus from Bucharest environs, Romania (adapted from Apostol, 1976); (B) Praedama
sp. from Pinedo, Spain (adapted from Aguado, 1962). Abbreviations: b., basal tine; m.,
middle tine; p., posterior tine; cr., crown tine.
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