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FERMPEEENTAFR)  (PENEESERY 5EARFII)
x®iE  KAEE Rt REXE

nZERE

AR T A th RIAZE B AT R KM B AR K FAIER . BB A AL EH
BRRSWRPEHE Cervavizus BERl. BRIMNER ST EBHXMBELAR Neomegaloceros
gracilis, YN E Proesinomegaceros a:iaticu:o‘ HRHNmMAAEREERANATR: —X
5 Megaceros giganieus FRi&E, 55— 5 Praemegaceros verticornis }8i%, HhEKHEELE
M Ear e AR U TR BRI TR R Sinomegaceros sadzhikiszanis FfbIFE o

KA (BIA Cervinae, KAFEHKR Megacerini) B—RMEYUEE . ELAKKNE
Ro XA M bt A HBLE B A % LB RIA TF 8 A JB: Megaceros Owen, 1844,
Sinomegaceros Dietrich, 1933, Praemegaceros Portis, 1920, Praedama Portis. 1920,
Arvernoceros Heintz, 1970, Neomegaloceros Korotkevitch, 1971, Orchonoceros Visl-
obokova, 1979 F1 Praesinomegaceros Vislobokova 1983,

X REROHEALTG 58, 75 BRI B TR B, JUT A 023 25 BRI K S REZE K
MEFHRBEERAN S —%5 Megaceros giganteus $8% (Blumenbach, 1803),
H—%Y5 Praemegaceros verticornis (Dawkins, 1872) #H%; REMIIN XERERK R
SBAL BB E AR (Azzaroli, 1953; Ambrosetti, 1967; Radulesco, Samson, 1967
Gliozzi, Malatesta, 1982 %), WM EFH LRI Sinomegaceros (Young, 1932;
Shikama, 1938; Shikama, Tsugawa, 1962 %),

KABEN BT RAERR D BIIWHEMUFET Pliocervini & (B Frit—
LHH), GE-EEUNGRRRRORE, HEAAELE LR AENT
Cervavitys Chomenko, 1913 (= Cervocerus Chomenko, 1913)———2/NEIRYE A TE
K, RERYTWA, EGhFH— 8 LHE ESATRRE G EAELRET HX,

EERRBEHERRKBEMAGRE Neomegaloceros gracilis Korotkevitch 1971, %R B
THRERAPBERIBELTS EhFHpE, UMRSEHRARALARRS Hirgis-
Nur I [Frh¥itih 2ty Praesinomegaceros asiaticus Vislobokova, 1983, IXFhREY
MR, BENRERENA, TEE B, £ REZAWNE —EYERL
D Xo Neomegaloceros gracilis FIMTEU—AEFE5s R ZE ARNBCB O B B 20 R &
(Korotkevitch, 1971), ¥332 N. gracilis fyfAREEN LMK RTINS Cervavitus
variabilis RN, AEKZ N. gracilis MAKNE—BNLERSMNE-RETWE
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o XEERME N. gracilis KT Praemegaceros 533, Praesinomegaceros asiaticus
TG Pl — Sk R , — SR BN Di-M, R AR, JLEER B BB W E , P. asiavicus
BIAEL N. gracilis fyRE, BHE—RNA BRI, 2AHFHRTFEE, ZEERNE—K
ZHEE I ERER, ELEENT -0, THENHERE %, TESE0E
H, , -
RABEOEML, BRHEEEL—RARAT RO EHEITH, WEREREHE
K& HBE (social organs) Hy5r1h, SkBHZE B E BT 8 B A SR TS M A0
MEERZ— N RMENARER, TR REENMBENE EZE L AR EH e E
% rh B H B AEREL B RS N ARIR L. ERABRREYA DML ERR
A o F BB T 1t AN BT A R A RE (Megaceros giganteus) (U SMRE T RANEEE
I ANMRRERX 4 K, KETE 43 27 (Geist, 1986), BHANEXSENX
MWERBE RN AT SR IERFHER (positive allometry, Gould, 1973), i Gould
(1973), KRMBRE M. giganieus 53, BIOTLR, SR AR KM &o Barnosky (1985)
IR, B /K2 Ballybetagh JBREEAMBEMLE BT LB/AIGA, XNMARKNES
WEBHE R, - \

HEKRKMBER (Sinomegaceros) W—UFKRIEXRENHHMFELE RARE (M.
giganteus) B—, FEFRBIRET Lakhuti FMHER Kayrubak Suite BRI T
—MRARGPERABBEENA A, RETHEOTRHZTRGN R4 0.75—0.9 ma.
XA RSk B ML B E R —P? (Basion—P?) pyKEE K426 29.85 2K,

ERALBIERNSERNGEREEZNBERERBERA, XMERBRHMRN
BAEBENEFTREEEEAT ., SAKXNSHEEERA, RIE Geist (1971), #Eth
RENNPRREFNEEBNETER AR EEKAHEET/ERE (pioneer population) FyHF
Mo SRAKABY BrhiE R RES RO PRI 0. BT RS EE0
L — BB,

KABERE LHFHNRAORICBERER, YWNERAERBA AR IEE —
SECTREN . RN BRI B RN A R AT bW K o MG it A4 KM REZESY
WEAER R T BEWER, MNIM-R BT BE X AR LR UMER =ZA X R
Arvernoceros-Megaceros X %, Sinomegaceros F1 Orchonoceros—Praemegaceros %
%, Arvernoceros—Megaceros K1 Sinomegaceros T RPIMLIT X [EF| Praesinomega-
ceros, Orchonoceros—Praemegaceros ¥ 5,0 #H, ILIET Neomegaloceros, XEFT A
B s S e i i K R i M B, Arvernoceros ardei Heintz, 1970 ff,
ARATHEEMERET RRELIT A (MN16) (Heintz, 1970), XE—FhZR/N
MEEE KRGS EAEBAARMEIBEHMEEN, EEEL, XMENESAEAH
B, R —IAEATE L —REE Lo F—XRKETMBE, HHEIMI—/NZ,
ERA R RN BATHRE, EREHVFEELTEE FESEDPE, W
B sk A 4,

_ Aryernoceros—Megaceros X RMNRRMBERABRMMBBEE B, XXA
FREANEASE-lE. BRENERESELRBHER, THEHEEY
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i EEfINHEEREHFERKABBRNNEE,

REBHTEXRABBHARER, BRERIATHEKEM T Navrucha, Kuruksai
Suite RYITRAST (MN17) fJ Sinomegaceros t1adzikistanis Vislobokova. XFhfE 5
Arvernoceros FEARML, BE—WH M/ R, EHK; BRE-SWMLENTTAS
Arvernoceros [BAF, REFHDEXRABEINMRE A, BHThEXARE, RRAED
HchE R M R0E S, PR 2 Hh EFi BN A TR KARE (S, konwanliensis
Chow, Hu et Lee, 1965) FOJEE—HSTEHEHHERE (8. pachyosteus (Young
1932), HOESH. E+=2HS0hFHEARBENERE (S. flabellatus Teilhard 1936,
(Loc. 9, Young 1932; Teilhard de Chardin, 1936, Kahlke, Hu, 1957; Chow, Hu,
Lee, 1965; Hu Qi, 1978),

Miocene Pliocene ' Pleistocens
Late Earily tate | Early | Misdle | Late
| P-cozioti
Cro/zetoceros ramasus P. dewkinsi Qlc retensis
/ n P. messinae
Ne. ] !
amegdloceros | Orchomoceras Praemegeceros l
greoilis [ __gromov | verticornis
// ' \ !
/ - l\’ algarensis

\\R Carburangelensis

/ = v
/ e mosbachensis  p .olabrise
o . |
\\ Simme’ot}em.r sp. (Liakhuﬁ)
\ L/ S. yasel
\ ' . /- /]
FPreesinomegoceras Sincmegeceres s pachyos-teu/
asialicus___ __ tadzhixistewis [ —— N
\ A\ 5. ordosionus
\ AN
\ S. flabellotus
|
\ S. konwonlionsis
\
A
\
Arvernoceros ilq_ei_\_ __ _ | Megaceros giganteus
\
VPraedoma.

B2 kARt egE

Fig. 2 The schema of evolution of megacerines
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HERAREREMNEREE-LBAUNT Ko MR, ShBERREE—EE
RN B, hEAAERNEARANESRY, BRNTEERMNINE, - AR,
N #ERABRMEEE A ER EXRAAETERABELENE R BB X
(i BB VIR, Kk B AE) BRAABNEERRE MY R, TEXAERE
B SE i DAch B (NSRRI EBR) W ERAE [S. ordosianus, (Young, 1932)]
R HAEKR S. yabei (Shikama, 1938; Shikama, Tsugawa, 1962; Hasegawa, Ono,Otsuka,
1980) Xz, MREFHMNMANRIEER—ERALNES, WA INIREEES
G8/NT ot E KA REE AV 4 70 U B H R TP 38 o BN 1A 2 f RER L R g b 46509,
HEhTRMMBARZEH THRL, LLBFESSENFERNEMEARBNEAEEE
Rio fEME B XX BRI WM AR

Orchonoceros—Praemegaceros X ARMMHARANBIFEERNNERE SHMIR
A LB, Orckonoceros gromovi Vislobokova, 1979 HEFRFEE (Cervus
elaphus L.) WIR/Do BEANMRMARIATEE Shamar (MN16) Fi/bIUIMRHEE
Beregovaja. Orchonoceros TEk'B AN IE L5 Praemegaceros K3, RIEIHIRE Orcho-
noceros H—RWINBTIEFE M LT - Praemegaceros B, H—XiE, SERRE
o '

e LRI EE R, BRALERI RIS KRN 57°, X—HEEBHEW T RAE
RS . ENERRITEER TXAFI G RAEI Arvernoceros F1 Simomegaceroses ¥
B BT, I T R RNE B S B R B 3 3R 2 B

B EH UK Orchonoceros % Praemegaceros B, Praemegaceros BN A
5B Taman FYFHHASHEER (0.8-1ma), 7EHATH Lakhuti FafE5hIUINERRY
Zasuhino KIN[Y Preemegaceros (A Z XM EHN. £//R%E (Kahlke 1.971) & o P
& Praemegaceros 1L A# A (Haprii, CisAzov) FURUAEY T oh&hr )5 v #H,

EBRRE—A~ Praemegaceros ZILT Cromerian, ¥t Cromerian XX 7EJLER
WEFXESET AOEF . ERERE, EMARFIET RE W M/R#, Praemegaceros
ML ALENRILS: 30°, ZEthEHit Praemegaceros JLPE|b:E Megaceros HiF, 7
WHERENY, Praemegaceros (I FRBEE TR, X—XARMWGN, TEBEEFH
BEEREEL BT H AAERREBEEY,
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ON THE EVOLUTION OF MEGACERINES
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The megacerine deer (the tribe Megacerini of the subfamily Cervinae) is a rather ancient
extinct group, known from the end of the Miocene, The tribe comprises 8 genera: Megaceros
Owen, 1844, Simomegaceros Dietrich, 1933, Praemegaceros Portis, 1920, Praedama Portis, 1920,
Arvernoceros Heintz, 1970, Neomegaloceros Xorotkevitch, 1971, Orchonoceros Vislobokova, 1979
and Praecinomegaceros Vislobokova, 1983. The Pleistocene history of megacerines is much stu-
died regarding the evolutionary stage of these deer. Almost all students recognize the existence
of two branches of megacerines in the Pleistocene of Europe: one of these connected with Me-
gaceros gigantens (Blumenbach, 1803) and the other with Praemegaceros verticornis (Dawkins,
1872), althc?ugh the estimations of the systematic range of these cervids are different (Azzaroli,
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1953; Ambrosetti, 1967; Radulesco, Samson, 1967; Gliozzi, Malatesta, 1982 and others). In
the Pleistocene Sinomegaceros of Asia existed (Young, 1932; Shikama, 1938; Shikama, Tsugawa,
1962 and others). : e

The early history of megacerines is less clear. The ancestor of megacérines seems to have
belonged to the tribe Pliocervini (Late Miocene—Pliocene), containing more primitive repre-
sentatives of the subfamily. Some of morphological peculiarities of the skull of the ancient me-

gacerines resemble these of Cervavitus Chomenko, 1913 (=Cervocerus Chomenko, 1913) a
small primitive deer with flattened antlers, widespread in late Miocene—early Pliocene in
temperate zone of the Palecarctic from East Europe to China. A number of these peculiarities,
revealed by comparison of Orchonoceros gromovi Vislobokova, 1979 and Cervavitus variabilis
skulls (Alexejev, 1913), are the following: an elongated post-antler part of the skull, a very
weak deflection of the pedicles from the plane of the forehead, the form and the length of the
basioccipitale, a declination of the basicranial line, a degree of the axeal divergence of post-
glenoid protesses and tympanicum part in regard to the sagittal plane of the skull, the narrow
rising part of orbitosphenoid, etc. (Vislobokova, 1981). _

The most ancient remains of megacerines in East Europe belong to Neomegaloceros gracilis
Korotkevitch, 1971 from the Upper Miocene of Ananjev to the north of the Black Sea, the
USSR. The most ancient megacerine in Asia is Praesinomegaceros asiaticus Vislobokova, 1983
from the upper Miocene of Hirgis-Nur II, Mongolia (Fig. I). They were medium-sized ani-
mals. The males had flattened antlers with the first tine, branching off af some distance above
the burr. The remains of Neomegaloceros gracilis are represented by almost a complete left
antler and fragments of limb bones (Korotkevitch, 1971). By dimension and form of the up-
per part of the beam an antler of N. gracilis resembles that in Cervavitus variabilis, diffe-
ring from the latter by a higher position of the first tine and a developed posterior tine. These
differences approximate N. gracilis to the Praemegaceros branch.  Praessinomegaceros. asiaticus
is represented by a basal part of an antler, a fragment of a lower jaw with DM, and frag-
ments of limb bones. The antler of P. asiazicus is-larger than that of N. gracilis. It displays
a lower placed first tine, horizontally flattened. There is a small palmation between the beam
and the base of the tine, bearing an additional tine on the upper edge. The hyperostosis of
the lower jaw is moderate. The height of the crown is also moderate.

The evolution of megacerines, on the whole, went through a series of progressive specializa~
tion of social organs, directional changes of the skulls due to an improvement of sense organs
and peculiarities of a nutrition, an accomodation for wearing large and heavy antlers, an in-
tensification of hyperostosis of the lower jaw and a massiveness of the skeletons. A diminu-
tion of a body-size and skull feature and antler degeneration are marked among megacerines in
late Pleistocene. The rate of evolution of separate characters in different branches of me-
gacerines was not identically the same. Megaceros giganteus from middle and late Pleistocene
was, apparently, maximum in size. The span of its antlers reached 4m, and the weight was
up to 43 kg (Geist, 1986). The comparative investigation of the dimension of an antler and a
body-size showed the positive allometry of its antlers in relation to the body (Gould, 1973).
According to Gould (1973), the antlers of M. giganteus, on the whole, corresponded to the
size of the body. In Barnosky’s (1985) opinion, the findings of remains of samples of M.
giganteus with smaller antlers, in particular, in Ballybetagh Bog, Ireland, were connected with
bed environments.
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The species of thte genus Sinomegaceros seem to have reached the stage of giantism much
earlier than ‘M. gigantews. The remains of a very large Simomegaceros were discovered in
the deposits of the Kayrubak Suite near Lakhuti Village, Tadjikistan, the USSR. The age of
these deposits, according to the paleomagnetic data, was 0.75—0.9 ma. The Basion-P*® length
of the female skull (no. 3858/676) is about 29.85 cm.

Increase of the deer body-size during the course of evolution was mainly connected with a
trend of natural selection, providing such dimension of specimens which could be optimal for
the existence of a whole population. The body-size was in\\close accordance with the environ-
ments. In According to Geist (1971), the 'iarge body-sizes are characteristic for pioneer po-
pulation, invading new habitats and existing during a comparatively short period of time. It
is possible, the future investigations allow to reveal population waves in megacerine disper-
sion. Available data permit to catch only the common trends of their evolution.

‘The, early Pliocene evolution of megacerines is still a blank. It seems to have been a period
of latitutional migrations when the descedants of Asian forms had reached West Europe and
the relatives of European forms had come to the districts of Central Asia. From the beginning
of late Pliocene on megacerines played a marked role in composition of faunas. From that
time three lineages were observed in their’ evolutiom: Arvermoceros-Megaceros, Sinomegaceros
and Orchonoceros-Praemegaceros (Fxg 2). The roots of the Arvernoceros—Megaceros and
Sinomegaceros lineage seem to go back to Praesinomegaceros, and the Orchonoceros-Praemega-
ceros lineage, apparently, originated Neomegalooergs. The early representatives of these lineages
had the similar antler structure as those of the late Miocene megacerines. '

The remains of Arvernoceros ardei Heintz, 1970 is known from the early Villafranchian
localities of France and Spain (MN 16) (Heintz, 1978). It was the medium-sized deer with
elongated antler' part of the skull and closely spaced. pedicles, slightly declined from the fore-
head plane. It is characterized by simple antlers. with the first tine set at some distance above
the burr. The first tine was horizontally flattened and bore often an additional small tine.
The beam was slightly declined backwards. The palmation aws small, situated far from the
burr. the plane of palmation is nearly vertical. The height .of the crown were moderate. The
premolar row was long. The limbs were slender. - s |

The trends of development of the Arvermoceros-Megaceros lineage corresponded to the
general tendency of the megacerine evolution. The changes of antlers in representatives of that

_ lineage were connected with flattening and shortening of the first tine and with the considerable
development of palmation. The hyperostosis of the lower increased, but it did not reach the
sizes of that in Sinomegaceros. .

The most primitive representative of the genus Sinomegaceros was, apparently, S. zadziki-
stanis Vislobokova (in press) from the deposits of Kuruksai Suite, Navrucho, Tadjikistan (MN
17). - It was similar to Arvernoceros in aform of the first tine with the accessory smlil tine, a
long beam, a narrow palmation. But a position and an orientation of the first tine were distinct
from those of Arvernoceros, anticipating characters of the Pleistocene sinomegaceroses. S. za-
dzikistanis, obviously, was a predecessor of all the known Chinese species: S. konwanliensis
Chow, Hu et Lee, 1965 from the base of the Middle Pleistocene of Gongwangling, Lantian,
Shaanxi, S. pachyosteus (Young, 1932) from the Middle Pleistocene of Zhoukoudian (Loc. I),
S. fl_abellam; Teilhard, 1936 from the Middle Pleistocene of Zhoukoudian (Loc. 9 Young,
1932; Teilhard dé Chardin, 1936; Kahlke, Hu, 1957; Chow, Hu, Lee, 1965; Hu, Qi, 1978).
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The evelution of Simomegaceros was resulted in strong expansion of the first tine, its twi-
:sting outside to assume a position perpendicular to the sagittal plane of the skull. It is charac-
‘terized by considerable flattening of the beam and a strong pachynosis of the skull and the
lower jaw. The increase in the size of the antlers was accompanied by the increase of the
‘beam bend backwards and sideways and twisting the upper part of the beam inward. Some of

. the ‘primitive features of the skull structure of sinomegaceroses (in particular, the short muz-
‘zle, the long postantler part of the skull, peculiarities of the palatine bones) show that mega-
-cerine to be ancient and to represent a distinct lineage. Sinomegaceroses were represented in
“late Pleistocene by the species S. Ordosianus (Young, 1932) in north China (Inner Mongolis.
“Ordos) and S. yabe: Shikama, 1938 in Japan (Shikama, 1938; Shikama, Tsugawa, 1962; Hase-
.gawa, Ono, Otsuka, 1980). '

The structure of antlers of late Pleistocene species shows some regressive features such as
‘s deminution of size and flattening of antlers. The distribution of Sinomegaceros was obvious-
1y limited within the territory of Asia. The north boundary of their distributional did not
:seems to go beyond 50° n.l. They were distributed in the districts of Central and East Asia
from Tadjikistan to Japan. The north boundary well corresponded to climate conditions and
‘the existence of other natural barriers. In late Pleistocene this area had removed to the south-
«east of Asia.

The evolution of the Orchonacerols—Praemegaceroy lineage "was accompanied by weaker
flattening of antlérs and weaker- increasing of hyperostosis in comparison with other lineages.
‘Orchonoceros gromovi Vislobokova, 1979 attained the size of Cervus elaphus L. Remains of that
species were determined from the base of the Upper Pliocene in Shamar, Mongolia (MNI16)
.and Beregovaja, the Trans-Baukal. Orchonoceros was close to Praemegaceros in the structure of
‘the skull and antlers, but it differed in having a long braincase and absence of a “‘Praeme-
_gaceros”’-bend of the beam, a short {irst tine, making an acute angle with the beam.

The important event, which influenced the distribution of megacerines, was the late Plio-
cene transgression of the Paratethys, the north coast of which had reached about 57° n.l. That
‘transgression seems to have made the barrier on the route of dispersion of such boreal forms as
Arvernoceros and Simomegaceros 1t promoted the increasing of zoogeography differences of Eu-
ropean and Asian faunas.

Orchonoceros was replaced by Praemegaceros in early Pleistocene. Most ancient remains
-of the latter was, apparently, connected with the Taman faunistic complex of East Europe
(0.8—1ma). The remains of Praemegaceros found in Lakhuti, Tadjikistan, and in Zasuhino,
the Trans-Baikal, obviously, are of that time. Kahlke (1971) marked the presence of Praeme-
gaceros in Hapri, the CisAzov, correlated with the Middle Villafranchian localities. In Cen-
tral Europe the first Praemegaceros was indicated in Cromerian, when their area took an ample
'territory in temperate zoon of North Eurasia. It extended from Great Britain to the Baikal
in Mindel time. The southern boundary of Praemegaceros distributional area fallen to 30° n.l.
Praemegaceros was almost everywhere ousted by Megaceros in middle Pleistocene. Separate re-
licts of Praemegaceros remained during insulation in the Mediterranean.

The descendant of that lineage inhabited Corsica, Sardinia, Sicily and Crete in late Plei-

:stocene.



