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Individual development,biology and evolution of the woolly
mammoth

Evgeny+N. Maschenko

Introduction

Today the woolly mammothis one of thebest-studied

species of extinct mammals. During recent years, a

great volume of data accumulated by researchers,

complex studies and new methods that had previ-

ously been applied to modern mammals only, have

laid the ground for several new directions of research

into the problems of the biology of the mammoth.

Discoveries of natural traps and sites where large

groups of mammothsdied in North America (the Hot

Springs site) and Russia (the Sevsk locality) have made

it possible to study some peculiarities of mammoth

ethology and ecology. Material of mammoth calves

collected in Russia maderesearch intothe ontogenesis
of the mammothpossible.

Mammoth-like elephants, of which M. primigenius is

the most widely known representative, form a group
of proboscideans (Proboscidea Illiger, 1811) that toge-

ther with several other genera constitute the family

Elephantidae Gray, 1821. In addition to mammoth-

like elephants, the family comprises the genera Stego-
tetrabelodon Petrocchi, 1941,Primelephas Maglio, 1970,
Loxodonta Cuvier, 1825, and Elephas Linnaeus, 1758

(Maglio, 1972). These groupsform one family because

of their common origin and because of a number of

morphological similaritiesthatare also typical of their

ancestors.

Some authors (Maglio, 1972; Lister, 1996) classify all

mammoth-like elephants into one genus: Mammuthus

Burnett, 1825. The group of mammoth-likeelephants

in this wider interpretation includes all ancient repre-

sentatives of the lineage from the Early Pleistocene,

viz.., M. subplanifrons (Osborn, 1928), M. africanavus

(Arambourg, 1952), M. meridionalis (Nesti, 1825), M.

trogontherii (Pohlig, 1885) (also known as M. armenia-

cus:(Falconer, 1857)), M. primigenius (Blumenbach,

1799) (Osborn, 1934; Petrocchi, 1941; Arambourg,
1952,1970;Maglio, 1970; Maglio & Ricca, 1977).

Other authors refer M. meridionalis (Nesti, 1825) and

M. trogontherii (Pohlig, 1885) to a separate genus:
Archidiskodon Pohlig, 1888. Some authors, while

acknowledging the validity of the genusArchidiskodon

(Garutt, 1986), do not include M. trogontherii (Pohlig,

1885) in this genus (Foronova & Zudin, 1999;

Maschenko, 1999).

The most ancient Elephantidae evolved in Africa

during the Pliocene. According to paleontological

evidence, elephants ofbothelephant-like (forms of the

genus Elephas) and mammoth-likelineages are known

from the Early Pliocene of South and Central Africa.

The remains of the most ancient mammoth-like

elephants have been collected from Pliocene sites of

the South African Republic, Kenya and Malawi

(Arambourg, 1952,1970; Hooijer, 1955; Cooke & Cory-
ndon, 1964; Aguirre, 1969; Beden, 1983). During the

Late Pliocene (not earlier than 3.2 million years ago)
the mammothreached into Europe (Haughton, 1932;

Cooke, 1965; Coppens, 1972; Lister, 1996). The subse-

quent evolution of the lineages took place both in

Africa and Eurasia. At least fromthe beginning of the

Late Pliocene and during the Pleistocene, mammoth-

like elephants were represented mostly in Eurasia and

North America, whereas the elephant-like lineage

occupied southern parts of Eurasia.

The woolly mammoth, Mammuthus primigenius

(Blumenbach, 1799), is a well-knownextinct elephant.
Numerous researchers from different countries dedi-

cated their work and publications to this probosci-
dean. Many mammothstudies are traditionally based

on the morphology of the dentition.Teeth, especially
third molars, are most frequent among

mammoth

remains. Within the last eighty years, a lot of data on

the structure of soft tissues and internal organs has

been made public. First steps have been made in soft

tissue histology studies and in studies of the

mammoth karyotype. Similarity of some DNA

sequences in M. primigenius and E. maximus show that

mammoths and elephants are sister
groups

within a

monophyletic branch of Elephantidae (Osawa et al.,

1995; Hauf et al., 1999).

Recent combined archeo-zoological studies on Late

Paleolithic sites provide new fascinating information

on some important features of interaction between

man and mammoth during the Late Pleistocene

(Anonymous, 1982; Boriskovskii, 1984; Ivanova et al.,

1987; Abramova, 1995; Haynes, 1985, 1989, 1999;

Soffer, 1985, 1993, 1995; Frison & Todd, 1986). Inaddi-

tion, the woolly mammoth has become an object of

many disciplines within pleistocene studies that

border on paleontology and archeology, because M.

primigenius is evidently a most widespread large
mammal, whose evolution is closely connected with

theenvironmental conditions of the Pleistocene.
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Garutt (1995) suggests that both lineages descend

fromacommonancestor Phanagoroloxodon mammonto-

ides Garutt, 1957 (an autonomous tribe Phanagoro-
loxodontini Garutt, 1991 in the family Elephantidae

Gray, 1821). It ispossible, however, thatthe scenarioof

theemergenceof these two lineages was differentand

additional data is needed to solve this problem.

The last representative of the mammoth-like

elephants, the genus Mammuthus, became extinct

during the earlier part of the Holocene. In Africa and

Asia, other members of the family, the genera Loxo-

donta and Elephas, have been represented by only one

species each since the Late Pleistocene: L. africana

Cuvier, 1825, and E. maximus L., 1758 (Shoshani &

Eisenberg, 1982;Shoshani et ai, 1991).

Classification of all mammoth-likeelephants into one

genus is based on common morphological features in

all representatives of the group.
Mammoth-like

elephants have ashort and high skull witha semicircu-

lar top. The upper boundariesof the temporal grooves

are indistinct. The frontalsurface is relatively narrow.

The narial opening is broad. The tusk alveoli diverge

slightly. The tusks are strongly curved and twisted, so

that they form a spiral (Garutt, 1987; Maglio, 1973;

Lister, 1996). The proportions of the body and the post-
cranial skeleton differ substantially in the different

mammoth-likeelephants, as they depend on the food

specialization of a given form. The early forms are

adapted mostly to feeding on bushes and twigs,
whereas the late forms are adapted to low bushes and

grass.

Morphological transformationsof the last tooth gene-

ration (M3) provide most significant evidence regar-

ding the evolution of the mammoth-like elephants

during thePleistocene. Inthe most ancient forms from

the Pliocene of Africa, the number of M3 plates is

seven to eight (three plates per
10 cm), and the enamel

is 5.5 mm thick. The height of the crown is 75% of its

width. Researchers traditionally connect the progres-

sive morphological changes in last generation teeth

with the growing number of plates that compose the

crown of the tooth(up to 27 in some Arctic populations

ofM. primigenius). The numberofplates calculated per

10 cm rises to eleven, the enamel becomes thinner,

reaching 1 mm in some late Arctic populations of M.

primigenius. The crown height reaches 300% of its

width. The eruption angle of a functional tooth decre-

ases.

Significant transformations inskull morphology occur

at the end of the Late Pleistocene. In the Early Pleisto-

cene elephants of this group, the skull is relatively
lower. The narialopening is situatedabove the level of

theorbits. The skull width in the area of the supraorbi-
tal processes is smaller than the width of the occiput.
The occipital bones are not strictly vertical. The tusks

are relatively short. The tusk alveoli are directed

forward and downward. The condyles are oval and

displaced (relatively) to the rear part of the skull. The

lower jaw of the Early Pleistocene forms has a long

symphyseal part and a mental process directed

forward and downward. The body of the lower jaw is

relatively low and long. The ascending branches are

directed upward and backward, at a sharp angle with

the horizontal surface (Garutt, 1987; Osborn, 1942;

Maglio, 1973; Lister, 1996). Morphological and exte-

rior changes in the Late Pleistocene mammoths are

connected with their life under cold climatic condi-

tions: no other representatives of the family Elephanti-

dae, or the whole order Proboscidea, have ever been

forced to adapt to similar conditions. Precisely these

changes in morphology determine, from the taxono-

mic point of view, the distinctionbetween the earlier

mammoth-like elephants (Pliocene-Early Pleistocene)
and the

genus
Mammuthus.

The last representative of the group, M. primigenius,

occupies a particular place among mammoth-like

elephants, because itwas well adapted to an extremely
cold climate and a narrow feeding basis during winter.

A quick evolution of mammoth-like elephants

through a sequence of forms is observed during the

Pleistocene and, evidently, during the first millennia

of the Holocene (Vartanyan et ah, 1993; Garutt et al.,

1995; Averianov et al, 1995).

The morphology of last generation teeth in different

genera
of elephants of the genus Mammuthushas been

the main objective of studies over the last 70-90 years

because these teeth have distinctivefeatures thatallow

quantitative studies (Garutt, 1954, 1966; Dubrovo,

1960, 1964, 1966, 1975, 1990; Sher & Garutt, 1985a,

1985b; Foronova& Zudin, 1999; Pavlov, 1881;Dietrich,

1912; Maglio, 1973).

The biological system of mammoth-like elephants is

based on peculiarities ofchanges in the morphology of

last generation teeth in different species of this group.

Gromova (1968), however, suggests that the process

was not linearand varied in time in differentpopula-

tions. In populations of the latest M. columbi from the

Dent locality (USA) and M. primigenius from the Sevsk

locality (Russia) the enamel has grown thicker

(reaching a mean value of 2 mm for M3) and the

number of plates was reduced (20-21 for M3 speci-
mens from Sevsk) (Maschenko, 1995; Saunders, 1995,

1999).

By theend ofthe Pleistocene, a fast microevolutionary

process in the latest representatives of the genus

Mammuthushad resulted in the formation ofa number

of geographically distinct and insular populations of

M. primigenius and M. columbi thatmight be classified

as subspecies (Golovko, 1958; Rusanov, 1968; Alek-

seeva, 1990;Lazarev & Tomskaia, 1987). Insularpopu-

lations and some continental ones exhibit extremely
small dimensions within the dimensional variability
frames of the latest representatives of the genus

Mammuthus (Vangengeim, 1961; Vereshchagin, 1972,

1977;Coope & Lister, 1987;Garuttet al., 1993;Shoshani

et al, 1991; Maschenko et ai, 1993).

Today it is evident that the forms with distinctive

systematic features were followed by the forms with
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'intermediate' morphology, and so on (at the end of

the Middle and thebeginning of theLate Pleistocene).

At the end of the Late Pleistocene, populations of M.

primigenius existed, whose variability hardly fits

within the frames of generic variability. It is possible
that during certain periods of the Pleistocene M.

trogontherii and.M. primigenius co-existed.

Some data indicates different speeds of change in

tooth structure in distinct populations of mammoth-

like elephants (Sher et al., 1995). These show morpho-

logical changes in last generation teeth that cannot be

unambiguously interpreted as a testimony of transi-

tionto a new evolutionary stage and, consequently, to

a new taxon (species or genus) within the mammoth-

like elephants. During certain periods of the Pleisto-

cene inadaptive changes played a great role in some

populations. This role was much greater than that of

gradual evolution in all mammoth-like elephants

during the major part of their existence. On the other

hand, morphology and biology of the woolly
mammoth distinguish this species not only from all

other representatives of the mammoth-likeelephants,
but practically from all other elephants.

The polydirectional evolution of mammoth-like

elephants during the Pleistocene does not permit

unambiguous interpretation of the group's phylo-

geny.
The same istrue of the determinationof the taxo-

nomicrank for somegroups with 'mixed'morphology
and the interpretation of relationswithin the

group
of

mammoth-likeelephants. The biological system ofthe

species and subspecies ofMammuthus is facedwith the

synchronous existence of different morphotypes
within one territory and the impossibility to establish

whether morphologically close but geographically
distinct forms existed simultaneously (Vangengeim,
1961; Gromova, 1965; Sher et ai, 1995; Lister, 1996;

Todd & Roth, 1996).

The peculiarities of the historical development of the

genus
Mammuthusand especially its scope within the

family Elephantidae are still questionable. Resear-

chers use three different schemes to determine the

composition of the genusMammuthus.Each comprises
different numbers of genera of mammoth-like

elephants. To compose the schemes, authors use

roughly the same data (features), however, interpret
them differently. Taking into consideration the

complications inherent to the interpretative usage of

some featuresand the subjectivity in the assessment of

their diagnostic value, one may propose to consider

the evolution of mammoth-like elephants and the

genusMammuthus on thebasis of peculiarities of indi-

vidual development of representatives of the genus.

For example, emergenceand formationof first genera-

tion teeth and skeletal bones in the ontogenesis of M.

primigenius repeat some peculiarities typical of more

ancient mammoth-likeelephants. This provides new

information on evolutionary relations within the

group.

Somepeculiarities of the ontogenesis ofM. primigenius
and theircomparison with the peculiarities in modern

E. maximus and L. africana reveal similarities between

modern elephants and the mammoth. This similarity
and some other data on mammoth biology suggest a

certainsimilarity in physiology and provide possibili-
ties for extrapolation of some peculiarities of the

biology of modern elephants to the extinct species M.

primigenius, for which they cannot be established

directly. Research into the ontogenesis of M. primige-
nius is most interesting in this respect. In spite of abun-

dant studies of the mammoth, data on the individual

development of representatives of the species is

scarce. In ontogenetic research, the most significant
informationis provided by studies of morphological
features in the formation process of dentition and

skeleton. These are studies of the formationof the first

to third generation teeth (dp2-dp4), of the deciduous

(di) and of the permanent (I) tusks. In studies of the

formation of the skull, the lower jaw, and the postcra-
nialskeleton, changes of theirproportions give impor-
tant information. In studies of the skull, this is

especially true for the sutures and their fusion. In

studies of the long bones, the main information

sources are the growth zones in the shafts, the stages of

formation of the epiphyses and the timing of their

fusion. The vertebras provide important information

onthe formationof neuralarches and their fusion with

the vertebral centres.

Abbreviations

PIN - Paleontological Institute, Russian Academy of

Sciences (Moscow); GIN - Geological Institute, Rus-

sian Academy of Sciences (Moscow); ZIN - Zo-

ological Institute, Russian Academy of Sciences (St

Petersburg); IAE - Institute of Archeology and

Ethnography, Siberian Branch, Russian Academy of

Sciences (Novosibirsk); IHMC - Institute of the His-

tory of MaterialCulture, Russian Academy of Scien-

ces (St Petersburg); SDM - State Darwinian Museum

(Moscow); TPI - Tiraspol Pedagogical Insitute (Ti-

raspol).
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Material and method

Material

A unique collection of mammoth remains from the

Sevsk locality (Bryansk region, Russia) provided the

main material used in this study. The collection inclu-

des over 3,700 mammoth bones, among them five

almost complete skeletons of calves of different ages

and two incomplete skeletons of adults. The material

was collected during the1988-1991field campaigns by
the author and his team, and was subscribed under

collection number PIN 4355. Additional material of

mammothcalves came from differentLate Pleistocene

localitiesin Russia (PIN301, 778, 2069, 2323, and 4531).

The second large quantity of material came from the

collectionof mammoth calf remains at the Zoological
Institute, St Petersburg, Russia (ZIN 6448, 20564,

25550, 25860, 28284, 28392, 28877,28880, 29070, 29841,

29844, 29875, 29880, 30924 to 30928, 30934, 30936,

30937, 30947, 31250, 31252, 31272, 31277, 31278, 31517,

31540, 31541, 31689, 31740, 31771 to 31774, 31835 to

31837, 32572, 34201, 34378, 34416, 34418, 34419, 34421,

34426, 34427). These specimens, 152 in total, were

collected from Late Pleistocene sites from Siberia

(Kostionki 1,Kostionki 14,Kostionki 19, and Kostionki

21) and from the Russian Plain (the paleolithic sites

Elisevichi and Judinovo, Desna river basin, and the

Bryansk region). Their radiocarbon dates range from

13,650 to 24,100 years, in other words, they fall into

differentstages of the Late Würm glaciation (Aslanov
et al., 1972; Anonymous, 1982; Boriskovskii, 1984).

Many specimens studied are marked only with field

numbers of the institution they come from.

The world's only known partial skeleton of a

mammothfoetus is used in this work and was identi-

fied by the author in the collection of the IAE. The

skeleton, collected from the Shestakovo Late Paleoli-

thic site comprises 26 bones of a single foetus in a late

stage ofprenatal development. The material ismarked

only with field numbersof the institute. The radiocar-

bon date of the site is 20,000 years (Okladnikov &

Molodin, 1980-1981).

Molars of the first (dp2), second (dp3) and third (dp4)

generation of the most ancient representatives of the

mammoth-like elephants ( Archidiskodon) fromthe East

European Khapry locality (Rostov region, Russia;

stored at ZIN and GIN), a skull, a fragmentary lower

jaw, and several postcranial bones of a mammothcalf

from the Yamal Peninsula (GIN 77) were also studied

by the author. For comparison, material of modern

Asiatic elephants from the collectionsof the PIN and

the SDM (Moscow, Russia) was studied. The number

of these specimens, including the skeletons of adults

and calves, skulls, lower jaws, isolatedteeth, and post-
cranial bones amounts up to 2,000.

Cadavers of mammothcalves were used as additional

comparative material: a circa one-month-oldcalf from

Yamal Peninsula (ZIN 34201, described by Tikhonov

& Khabry, 1989; Hamadaet al, 1992; Kuzmina, 1999),
and a six-months-old calf from the Kirgiliach river,

Susman district, Magadan region (ZIN 70188, descri-

bed by Vereshchagin, 1981; Vereshchagin &

Tikhonov, 1999).

Fig. 1. Schematic structure of anelephant M3 (Garutt & Foronova,

1977): a = M 3
; b =M3; c = masticatory surface (left M3

); d =

longitudinal section of tooth crown. 1 = anterior edge; 2 =

posterior edge; 3 = enamel plates; 4 = inserted (additional) plate; 5

= worn plates; 6 = unwornplates; 7 =enamel; 8 = cement; 9 =

dentine; 10 = root cavity base; 11 = crown width; 12 = crown

length; 13 = interplate distance; 14 =plate width; 15 = interplate
width.

Schematische weergave van de M3 van eenolifant (Garutt &

Foronova, 1977): a =M ³;
b = M3;c = kauwvlakte (linker M³); d =

dwarsdoorsnede door de kroon. 1 = voorrand van de kies; 2 =

achterrand van de kies; 3 = glazuurplaten; 4 = toegevoegde,extra

plaat; 5 = afgesleten platen; 6 = onafgesletenplaten; 7 = glazuur; 8

= cement; 9 = tandbeen; 10 = pulpholte; 11 = kroonbreedte; 12 =

kroonlengte; 13 = afstand tussen de platen; 14 = plaatbreedte; 15 =

breedte tussen de platen
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Fig. 2. Elephant skull (a, b, c) and lower jaw (d, e) measurements (after Garutt, 1954, and Beden, 1983). 1 = parietal length (from the skull apex

to the lower edge of intermaxillary bones); 2 = condylobasal length (from the upper edge of occipital condyles to the lower edge of

intermaxillary bones); 3 = premaxillary length (from the front edge of premaxillar bones to the lower edge of nasal opening); 4 = forehead

length (from the skull apex to the upper edge of nasal opening); 5 = postorbital processes width; 6 = forehead shortest length; 7 =occiput

greatest width; 8 = nasal opening greatest width; 9 = nasal openingheight (greatest); 10 = premaxillary shortest width; 11 = premaxillary
width at the level of tusk alveoles ends; 12 = forehead and nasal opening combined length; 13 = skull height (from the vertex to the level of

teeth masticatory surface); 14 = skull height (from the apex to the lower edge of external acoustic passage); 15 = skull height (from the apex to

the level of the occipital condyle lower surface); 16 = zygomatic arch length (from the external acoustic passage to the suborbital opening); 17

= minimal height and width of zygomatic arch; 18 = vertical alveolar diameter; 19 = distance between the inner edges of alveoli; 20 = distance

between the front edges of alveoli; 21 = distance from the tusk to the suture between the intermaxillary bones; 22 = horizontal alveolar

diameter;23 = greatest zygomatic width; 24 = lower jaw depth; 25 = greatest height of the ascending branch; 26 = height of the horizontal

branch under the middle of afunctional tooth; 27 = length of interalveolar crest; 28 = greatest jaw width; 29 = greatest width of horizontal

branches; 30 = symphysis length; 31 = greatest symphysis width; 32 = distance between the horizontal branches at the level of posterior edge
ofalveoli (along middle line of masticatory surface of the crowns); 33 = distance between the horizontal branches ( at the level of anterior edge
ofalveoli); 34 = greatest length of the lower jaw; 35 =angle of convergence of branches; 36 = premaxillary bones width at the level suborbital

openings; 37 =skull length (from the posterior edge of occipital condyle to the anterior edge of nasal opening); 38 = shortest width (from the

frontal crest to the upper edge of nasal opening); 39 = distance between the anterior edge of mental process tothe level of anterioredges of

alveoli; 40 = distance between the base ofascending branch to its posterior edge; 41 = longitudinal and transversal diameters throughcondyl.

Materialand method
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Dp2 and dp3 specimens (GIN 300, and ZIN 30012,

29071, and 25094(1)) that belong to the
genus

Archidis-

kodon from the Khapry locality (Volovaya Gorge and

Aksaysk, Rostovregion, Russia) and theCimbal locali-

tity (Taman Peninsula) were studied. All fossil

elephant remains referred to the genusArchidiskodon

from these localities belong to the most ancient repre-

sentativesof the genus fromEast Europe. The geologi-
cal

age
of these localities evidently corresponds to the

middle Villafranchian (Vereshchagin, 1957; Garutt et

al, 1975). First, second and third generation teeth refe-

rable to M. trogontherii were studiedin the collectionof

theZIN (nos. 14046,14896,31642(2), 29963,29986, and

31643(2)). They come from different localities in the

Odessa region, Ukraine, and Bashkiria, Russia.

Method

Measurements of skulls, lower jaws and postcranial
bones were taken according to Garutt (1954, modified

by Agenbroad, 1994), and is illustrated in figures 1, 2,

and 3. All indexes are based on the figures thus

obtained. The anatomical nomenclature adopted by
Zalenskii (1903), Boas & Paulli (1925), and Eales (1926)
was used in the description of postcranials. Tooth

measurements were taken according to the scheme

developed by Garutt& Foronova (fig. la-d); according
to common usage, the masticatory surface is always
considered to be the upper (top) part and the root is

considered to be the lower part of a tooth.

Dentition

The dentition of elephants and mammoths is consi-

derably reduced. It comprises two generations of inci-

sors and a succession of masticatory teeth. The first

pair of (deciduous) incisors of the maxillary is marked

di. The second pair of incisors is represented by

permanent tusks marked I. The first three generations
of masticatory teeth(marked dp2, dp3, and dp4), and

the next three generations of masticatory teeth

(marked Ml, M2, and M3). Elephants' teethfunction

sequentially and are substituted when worn out. The

change occurs in horizontal direction: the next tooth

moves forward to take the place of the previous one.

Normally, each half of the jaw bears one or two func-

tioning teeth. The crown is formedby parallel enamel

plates with an orientationtransversely to the longitu-
dinal axis of the crown (fig. 1). The plates vary in

number, depending on the tooth generation, which

makes it possible to identify the generation even of an

isolated tooth. To make identification more precise
and to minimizemistakes, specimens with teeth in the

process of substitution were selected. In plate counts,

the anterior and posterior talons, if present, were

considered to represent a plate. Several (three and

more) enamel columns with a single base were consi-

dered a talon.

All elephantid teeth, apart from permanent tusks,
have roots. According to thematerial studied, dp2 has

one or two roots, dp2 two or threeroots, dp3 and dp4
bothhave two roots, and dp3 and dp4 have two main

and several additional roots. The Ml through M3

generations have a rather consistent root system with

one anterior, one middle, and one posterior root (Sher
& Garutt, 1985a, 1985b).

The tooth plates consist of dentine and are covered

with an enamel layer; interplate gaps are filled with

cement. Bases ofplates and roots are also covered with

cement. On the teethof the generations dp2 through
Ml, cement appears first on the top of the anterior

plate, followed by the other plates, and eventually
covers each plate from top to base (from masticatory
surface to crown base).

Upper and lower teeth in elephantids differ, and
may

be identifiedeven in isolatedspecimens. In the genera-
tions dp2 through M3, the crowns of the upper teeth

usually are wider than those of the lower teeth.

Roughly spoken, upper tooth crowns tend to get
narrower from top to root, whereas lower tooth

crowns tend to widen at the root. The crowns ofupper

teeth are lingually concave, whereas the crowns of

lower teeth are buccally concave. Upper and lower

dp2 differ in size (upper tooth crowns are longer and

wider), in the number of roots (two to three in upper

teeth, one to two in the lower), and in the number of

In fig. 2. worden de meetpunten van de schedel (a, b, c) en onder-

kaak (d, e) van olifanten schematisch weergegeven (naar Garutt,

1954, en Beden, 1983). 1 = parietalelengte (van kruin tot onder-

grens tussenkaaksbeenderen); 2 = condylobasale lengte (van bo-

vengrens achterhoofdsknobbels tot ondergrens

tussenkaaksbeenderen); 3 =premaxillare lengte (van de voorrand

van de premaxilla tot de onderrand neusopening);4 = voorhoofd-

slengte (van kruin tot bovenrand van de neusopening);5 = breed-

te van het postorbitale uitsteeksel; 6 = kortste voorhoofdslengte; 7

= grootsteachterhoofdsbreedte; 8 = grootstebreedte neusopening;
9 = grootste hoogteneusopening; 10 = kleinste breedte premaxilla-
re beenderen; 11 = breedte premaxillare beenderen ter hoogtevan

eindpunt tandkas voor de stoottand; 12 = lengte vanvoorhoofd

plus neusopening; 13 = schedelhoogtevan kruin tot niveau van de

kauwvlaktes); 14 = schedelhoogtevan kruin tot onderrand uit-

wendige gehoorgang;15 = schedelhoogte vankruin tot onder-

grens achterhoofdsknobbel); 16 = jukbooglengte vanuitwendige

gehoorgangtot openingonder het oog; 17 = minimale hoogteen

breedte van de jukboog; 18 = verticale middellijn vantandkas; 19,

20 = afstand tussen de binnenrandenen voorranden van de tand-

kassen; 21 = afstand van de stoottand tot de verbindingslijn van

tussenkaaksbeenderen; 22 = horizontale middellijn van de alveole;

23 = grootstebreedte jukbeenderen;24 = diepteonderkaak; 25 =

grootste hoogteopgaandetak; 26 = hoogtehorizontale tak midden

onder functionele kies; 27 = lengte van richel tussen tandkassen;

28 = grootsteonderkaaksbreedte; 29 = grootstebreedte horizonta-

le takken; 30 = symphysislengte; 31 = grootste symphysisbreedte;
32 = afstand tussen de horizontale takken ter hoogtevan de ach-

terrand van de tandkassen (langs de middellijn van de kauwvlak-

tes); 33 = afstand tussen de horizontale takken ter hoogtevan de

voorrand van de tandkassen; 34 = grootste onderkaakslengte; 35 =

convergentiehoekvan de onderkaakstakken; 36 = breedte van tus-

senkaaksbeen ter hoogtevan de suborbitale openingen;37 = sche-

dellengtevan achtergrens achterhoofdsknobbel tot voorrand

neusopening; 38 = kleinste breedte vanvoorhoofdsrichel tot bo-

venrand neusopening;39 = afstand tussen
voorgrens vanproces-

sus mentale tot niveau van de voorranden van de tandkassen; 40

= afstand tussen basis van de opgaandetak tot aanzijn achterste

begrenzing;41 = middellijn door gewrichtskop.



Materialand method

10

Fig. 3. Measurements ofelephant postcranial bones: a = scapula; b = femur; c = humerus; d = tibia; e = radius; f= ulna; g
= proximal end of the

elbow bone, side view; h =atlas, front view; i = atlas, upper view; j = axis, front view; k = axis, upper view. 1 = greatest length;2 = length to

the middle of glenoidfossa; 3 = width of upper edge; 4 = width of posterior edge; 5 = head greatest width; 6 = neck width; 7 = kneecap facet

width; 8 = bloc width; 9 = medio-lateral and antero-posterior diameters of distal shaft end; 10 = greatest length; 11 = longitudinal and

transversal diameters through the head; 12 = shaft length; 13 = greatest shaft width; 14 = smallest shaft width; 15 = distance between lateral

condyle and apex of the head; 16 = medio-lateral and antero-posterior diameters of the proximal shaft end; 17 = smallest shaft width;18 =

greatest width ofdistal articulation; 19 = length from distal toproximal articulation surfaces; 20 = shaft length; 21 = greatest length; 22 =

medio-lateral and antero-posterior diameters of the proximal end; 23 =medio-lateral and antero-posterior diameters of the distal end; 24 =

shortest medio-lateral and antero-posterior diameters of shaft; 25 = shaft length; 26 = greatest length; 27 = greatest length; 28 = length till

proximal articulation surface; 29 = shaft length; 30 = articulation length; 31 = width of lateral articulation facet; 32 = width of medial

articulation facet; 33 = shortest medio-lateral and antero-posterior diameters; 34 = medio-lateral and antero-posterior diameters of distal shaft

end; 35 = olecranon width; 36 = distance between the anterior edge of articulation facet and olecranon apex; 37 = ulnar notch length; 38 = neck

longitudinal diameter;39 = greatest length; 40 = shaft length; 41 = length from lateral condyle to the
apex

of the head; 42 = shortest

medio-lateral and antero-posterior diameters of shaft; 43 = medio-lateral and antero-posterior diameters of the distal end; 44 = same, of the

proximal end; 45 = distance between lateral edge of distal condyle to the lateral supracondylar tubercle, h, i: 1 = greatest width; 2 =

upper

neural arch apex width; 3, 4 = height and width of articulation surface; 5, 6 = greatest height and width ofcerebrospinal canal;7, 8 = greatest
dimensions of transverse canal; 9 = greatest height; 10 = distance between exterior edges of articulations; 11 = length of transversal process; 12

= greatest width of body; 13 = transverse diameter of vertebra, j, k: 1 = width of spinous process; 2 = greatest height; 3 = height of vertebral

body; 4 = combined height of neural arch and transverse process; 5, 6 = as in h, i: 5, 6; 7 = greatest width;8 = as inh, i: 12; 9, 10 = as in h, i: 7, 8;
11- distance between distal articulations; 12,13 - height and length of spinous process;

14 = greatest antero-posterior diameter;15, 16 = height
and widht of anterior articulation facets.
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enamel plates (usually five intheupper and four inthe

lower teeth).

Individual age

Owing to the good preservation of several complete
skeletons of mammoth calves from the Sevsk locality,
their individual

age
could be reliably determined at

the basis of a complex of morphological features that

characterizes age differences. These skeletons were

used as reference materialin further analysis of isola-

ted teeth and bones of mammoth calves. Data from

mammothcalfcadavers fromtheMagadan region and

the Yamal peninsula (see above) constituted the

second significant body of material used in the

construction of a reference scale of age variability. All

data on age related morphology was compared with

dataon morphology and skeletal dimensionsof extant

elephant calves of similar ages, which allowed us to

develop a rather strict framework of size variability
related to age as determinedby teeth.

Data on the degree of formation and wear of teeth in

M. primigenius was compared with similar data on E.

maximus (McKay, 1973; Roth & Shoshani, 1988; Suku-

mar et al., 1988) and L. africana (Sikes, 1966; Johnson &

Buss, 1965; Jachmann, 1988). Data on the correlation

between age determined by teeth and by correspon-

ding stage of fusion of epiphyses in M. primigenius is

scarce and rather contradictory (Lister, 1999). Resear-

chers emphasize a common sequence of long bone

epiphyseal fusion in modern elephants and

mammoths and a considerably longer period of

growth inmammothmales than in females. However,

the individual age at which complete epiphyseal
fusion occurs and the terminationof growth are inter-

preted different by different authors (V. Garutt, A.

Tikhonov, pers. comm.). As this process is already

complex, heterochronous, and usually accompanied
with individual deviations, in extant elephants, the

reliability of the interpretation of data on mammoths

may be better judged when new and more complete
data is available (Baryshnikov et al., 1977; Rensch &

Harde, 1956; Roth, 1984).

The scale based on the reference series of the Sevsk

juvenile skeletons was used to subdivide all the mate-

rial intoage groups with fixed borders of size variabi-

lity and stages of tooth formation. Morphological

peculiarities specific for each group were determined.

The method of delimiting the borders between age

groups was based on a combinationof the following
data: the stage of formation of the functional tooth

generation, the linear dimensions of the skull, the

lower jaw and the postcranial skeleton.

The conclusion on the duration of gestation in

mammoths was basedon theirbiological peculiarities,
the seasonal restrictions of reproduction and the

dimensions of newborns. It was taken into account

that the gestation period in the woolly mammoth was

slightly shorter than in modern elephants, owing to

the differencesin biology of these two species. Data on

the dimensionsand sizes of foetalbones and bodies at

different stages of prenatal development in modern

elephants was extrapolated to M. primigenius, with a

necessary correctionowing to the shorter gestation in

the latter, as well as the smaller size of woolly
mammothfemales.

Systematics

The systematic biology of the family Elephantidae and

the genusMammuthus is described at the basis of data

supplied by Osborn (1942), Maglio (1973), Garutt

(1986), Baigusheva & Garutt (1987) and Lister (1996).
In the revision of the genus Mammuthus made by the

author, some features of the diagnosis were judged
from the point of view of their expression during the

individualdevelopment (ontogeny) ofM. primigenius.

The relation between the morphology of mammoth

calves and features that characterize the phylogeny of

In fig. 3 wordt het meetschema gegeven vanpostcraniale beende-

ren van olifanten: a = schouderblad;b = dijbeen; c =

opperarm; d

= scheenbeen; e = spaakbeen; f =ellepijp; g
= boveneind ellepijp,

zijaanzicht; h = eerste nekwervel (atlas), vooraanzicht; i = atlas,

bovenaanzicht; j = tweede nekwervel (draaier), vooraanzicht;k =

draaier,bovenaanzicht, a-g: 1 = grootste lengte; 2 = lengte tot mid-

den van de gewrichtskom; 3 = breedte van de bovenrand; 4 =

breedte van de achterrand; 5 = grootste breedte gewrichtskop; 6 =

nekbreedte;7 = breedte katrol; 8 = breedte rollers; 9 = midden-zij-

en voor-achter-middellijnen door onderuiteinde schacht; 10 =

grootste lengte; 11 = middellijnen door dijbeenkop; 12 = schacht-

lengte; 13
- grootste breedte; 14 = kleinste schachtbreedte; 15 = af-

stand tussen zijroller en hoogstepunt dijbeenkop; 16 =

midden-zij- en voor-achter-middellijnendoor bovenuiteinde

schacht; 17 =kleinste breedte schacht; 18 = grootstebreedte on-

deruiteinde;19 = lengtevan onderste tot bovenste gewrichtsvlak-

tes; 20 = schachtlengte; 21 = grootste lengte; 22 = midden-zij-en

voor-achter-middellijnen door bovenuiteinde spaakbeen; 23 =

midden-zij- en voor-achter-middellijnen door onderuiteinde

spaakbeen; 24 = kleinste midden-zij- en voor-achter-middellijnen
door schacht; 25 = schachtlengte; 26, 27 = grootste lengte; 28 =

lengte tot aan bovenste gewrichtsvlakte; 29 = schachtlengte; 30 =

lengte gewrichtsvlakte; 31 = breedte vanzijfacet; 32 =breedte van

middenfacet;33 = kleinste midden-zij- envoor-achter-middellij-

nen; 34 = midden-zij- en voor-achter-middellijnen door onder-

uiteinde schacht; 35 = breedte olecranon; 36 = afstand tussen

voorrand van gewrichtsvlakte en top van het olecranon; 37 = leng-

te gewrichtsinkeping; 38 = overlangse middellijn door nek; 39 =

grootste lengte; 40 = lengte schacht; 41 = lengte vanzijroller tot

hoogstepunt gewrichtskop; 42 =kleinste midden-zij- en voor-ach-

ter-middellijnen door schacht; 43 = midden-zij- en voor-achter

middellijnen door onderuiteinde;44 = midden-zij- en voor-ach-

ter-middellijnen door bovenuiteinde; 45 = afstand tussen de zij-
kant vanzijroller tot supracondylare knobbel, h, i: 1 = grootste

breedte; 2 = breedte bovenkant wervelboog; 3, 4 = hoogteen

breedte gewrichtsvlak (fovea articulated atlantis); 5, 6 = grootste

hoogteenbreedte van ruggemergskanaal (foramen vertebrale); 7,

8 = grootsteafmetingen vanhet dwarskanaal (foramen transver-

sarium); 9 = hoogtewervel; 10 = afstand tussen buitenranden van

gewrichtsvlakken; 11 = lengte van dwarsuitsteeksel; 12, 13 =

breedte en hoogtevan het wervellichaam, j, k: 1 = breedte door-

nuitsteeksel; 2 = wervelhoogte; 3 = hoogtewervellichaam (corpus

vertebrae); 4 = gecombineerde hoogtevanwervelboog en dwar-

suitsteeksel; 5, 6 = grootste verticale en horizontale middellijnen
door ruggemergskanaal(foramen vertebrae); 7 = wervelbreedte; 8

= breedte wervellichaam; 9, 10 = grootsteafmetingen vanhet

dwarskanaal; 11 -
afstand tussen achterste gewrichtsvlakken; 12,

13 - hoogteen lengte doornuitsteeksel; 14 = grootstevoor-achter-

middellijn; 15, 16 = verticale en horizontale middellijnen door

voorste gewrichtsvlakken.
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the mammoth-like elephants is analysed on the basis

of selected morphological features of M. primigenius

during ontogenesis in comparison with somerelevant

features of the phylogenetic development of the

group. The analysis was not aimed at the revision of

the family Elephantidae, for the biological system of

the family is based on more general features that

characterize the family as a whole.The analysis covers

especially the stages of plate formation (the duration

of mineralization of plate-constituents is estimated),
and the formationof deciduous and permanent tusks.

In some cases, morphological homologies were

compared not only to representatives of the genus

Mammuthus, but also between these and other repre-

sentatives of the proboscideans.

The estimationof the taxonomicweight of the features

used to discriminate between species or genera,

subsuming close relatives under a single taxon, or

their distribution among different taxa, are the most

complicated problems of any study dedicated to a

biological system. Considerable differences exists in

the way differentauthors conceive homology ofbiolo-

gical structures that are used for the construction of

biological systems. However, ontogenetic studies of

these biological structures may cast new light on the

nature of their homology and, consequently, provide
new opportunities for a more reliable use of the

featuresbound upwith them. In a numberofworks on

the phylogeny of Proboscidea and Elephantidae,
methods of parsimony analysis and extensive compa-

rison ofhomological morphological structures among
differentproboscidean groups are used for the syste-
matic discrimination within the orderand the family

(Tassy & Darlu, 1986; Tassy, 1987; Tassy & Shoshani,

1988). This work is an attempt to apply this strategy,
which had previously only been used on the level of

the family and higher, to the level of a single genus.
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Teeth and skeleton of M. primigenius during ontogenesis

Introduction

Although woolly mammoths are relatively well

studied, transformations in skeletal morphology

during ontogenesis remainunderstudied because calf

remains are rare finds (Vereshchagin, 1981;

Vereshchagin & Tikhonov, 1986, 1999; Kerkhoff, 1993;

Garutt, 1999; Lazarev, 1999; Kuzmina, 1999; Kuzmina

& Maschenko, 1999). This is particularly true of the

formationand fusion of skull bones, the formation of

epiphyses of long bones, and the ossification of vete-

bral parts. Data on skeletal morphology of other

proboscideans is also relatively scarce (Eagles, 1926;

Morrison-Scott, 1938; Hooijer, 1953, 1954;Ambrosetti,

1968; Tassy, 1987; Roth & Shoshani, 1988; Raubenhei-

mer, 1991). In this chapter a first attempt is made to

analyse new data and generalize the material on

mammothcalf osteology that was already published.

The skull during early stages of de-

velopment
Studies of skull morphology in relation to individual

ages reveal a number of considerable changes during

ontogenesis. The most important changes connected

with morphology and non-lineargrowth of bones as

well as of cranial parts occur in the facial region of the

skull at the time the permanent tusks start to replace
the di [deciduous incisors] and when dp4

are formed

and become functional.Qualitative transformations in

the cerebral region of the skull occur when the

cartilage between the bones of the cerebral region

begins to ossify, when the parts of the bones start to

fuse and when bone-to-bone fusion comes about as

well. Skull measurements, represented according to

increasing individual age (table 1) illustrate the

growth of mammoth calves during the first years of

their life with some individualand population related

peculiarities.

The distorted foetal skull of M. primigenius from

Kostionki 12 (ZIN 34416; fig. 4a, b; photo 1) differs

significantly in proportions from adults. To judge by
the dp2 that had already been formed, the specimen

represents the last stage of prenatal development ,

supposedly the 19th to 20th month of gestation. The

skull is shallowand elongated. Its maximalheight is at

the level of the mid-parietals. The distal parts of the

parietal and occipital bones are inclined backward.

The occipital condyl is far displaced toward the rear

end of the skull. The alveolar part of the skull is relati-

vely short and the premaxillar bonesalmost followthe

direction of the parietal bones (they are not curved

forward). Thenasal opening is situatedabove the level

of the orbits. The post-orbital narrowing of the skull is

only slightly expressed. The reconstructed parietal

length is about 252 mm. As most of the maxillar and

premaxillar bones are absent, the degree of develop-
ment of the alveoli and the peculiarities of their struc-

ture at this stage cannot be determined precisely.

However, to judge by the fragment preserved, the

transverse diametersof the alveolar part are small.

foetus (ZIN 34416; ca. 19-20

months of prenatal development;Kostionki 12, Voronezh region),

upper view (a) and lower view (b). After Zalenskiy (1903). 1 =

foramen acusticus externus; 2 = canalis infraorbitalis; 3 = vomer; 4

= frontale; 5 = maxillare;6 = squamosum; 7 = foramen rotundum;

8 = fenestra rotunda; 9 =exoccipitale; 10 =basisphenoideum; 11 =

basioccipitale; 12 = parietale; 13 = pterygoideum; 14= ala

temporalis; 15 = premaxillare; 16 =apertura jakobsoni; 17 =

upper

tooth of first generation (dp²); 18 = reconstructed parts; 19 =

nasale; 20 = sutura frontalis; 21 = sutura intermaxillaris;22 =

destroyed parts of cranium base; 23 =

processus zygomaticus

squamosi; 24 = depression in premaxillaries for trunk base

musculature attachment; 25 = posterior edge of parietal bones

(coincides with the occipito-parietal suture); 26 = sutura

fronto-parietalis; 27 = cavum nasi; 28 =

processus zygomaticus

maxillae; 29 = alveolus of the upper jaw tooth; 30 =

processus

postorbitalis; 31 = intermaxillary gap; 32 = sutura frontomaxillaris.

Fig. 4. Skull of a M. primigenius

vrucht (ZIN 34416; ca.

19-20 maanden dracht;Kostionki 12, Voronezh), bovenaanzicht

(a) en onderaanzicht (b). Naar Zalenskiy (1903). 1 = uitwendige

gehooropening;2 = kanaal onder de oogkassen (canalis infraorbi-

talis); 3 = vomer; 4 =voorhoofdsbeen; 5 =bovenkaaksbeen; 6 =

schoep van het slaapbeen; 7 = het ronde gat (foramen rotundum,

toegangtot canalis alaris vanuit hersenholte); 8 = het ronde ven-

ster (fenestra rotunda); 9 = exoccipitale (deel vanhet latere achter-

hoofdsbeen met achterhoofdsknobbel); 10 = basisphenoid

(wiggebeen); 11 = basioccipitale (deel vanhet latere achterhoofds-

been aanschedelbasis); 12 = wandbeen; 13 = vleugelbeen; 14 =

rotsbeen; 15 = tussenkaaksbeen; 16 = kanaal van Jakobson; 17 =

bovenkies vaneerste generatie (dp2); 18 = gereconstrueerde delen;

19 = neusbeen; 20 = voorhoofdsnaad;21 = tussenkaaksnaad; 22 =

vernielde delen van schedelbasis; 23 = jukbooguitsteeksel van het

slaapbeen; 24 = del in tussenkaaksbeen voor spieraanhechtingen
voor slurfbasis; 25 = achterrand wandbeenderen (valt samen met

naad tussen achterhoofd en wandbeenderen);26 = naad tussen

voorhoofd en wandbeenderen;27 = neusholte; 28 = jukbooguit-
steeksel van het kaakbeen; 29 = tandkas voor bovenkaakskies; 30

= uitsteeksel achter de oogkas (processus postorbitalis); 31 = ruim-

te tussen bovenkaakshelften; 32 = naad tussen voorhoofd en bo-

venkaak.

Schedel van eenongeborenM. primigenius



Teeth and skeleton of M. primigenius during ontogenesis

14

The interior of the remaining premaxillar fragment is

completely filled with cancellatebone. The part of the

skull where the tusk alveoliwould be situatedis small

(figs. 4b: 5), and the diwouldoccupy practically all the

space inside the alveolar part of the skull. In E. maxi-

mus and L. africana embryos the di head is calcified at

the beginning ofthe second year ofgestation. The tusk

headprojects beyond the edge ofthe premaxillar bone,

yet remains covered by soft tissue (Eales, 1928; Dera-

niyagala, 1953). The small size of the alveolar part in

ZIN 34416, as well as its internal structure, suggests

that at this ontogenetic stage the diwas not yet formed

completely. Otherwise, the tusk root would not have

had enough space withinthe alveolar part.

The diameterof the intraorbitalforamen isabout four-

teen mm. The suture between the right and left

premaxillar bones extends along the midline of the

alveolar part (fig. 4a: 21), almost as far as the lower

edge of the nasal opening. The oval depression for

attachmentof thetrunk base muscles is wellexpressed

(fig. 4a: 24). The suture betweenpremaxillar and fron-

tal bones is clearly seen (fig. 4a: 32). A similar develop-

mentof the suture is preserved during the first months

afterbirth.

The process of the nasal bone that supports the nasal

cartilage at the base of the trunk is evidently not yet
ossified at this stage. The edges of the frontal bones

that border the fragments that are most probably just

badly preserved nasalia are not well defined(fig. 4a:

19). Ina L. africana foetus atthe beginning of thesecond

year of gestation, the entire area of the nasal bones

consists of cartilage (Eales, 1925). In other skulls of

mammothcalves, youngerthanthree years of
age,

the

nasal bones are never preserved, which suggests that

ossification is incomplete at this age. Most probably,
the nasal process is the last part to ossify.

The suture between the frontal and nasal bone is not

seen in the specimen of Kostionki 12, while it can be

discerned in the skull of a newborn(PIN 4353-2614).
The sagittal suture is not seen, because of the recon-

struction of the central part of the frontal and parietal
bone (photo 1). The preserved fragments of these

bones suggest that the left and right parts were not

adjoining and were divided by cartilaginous tissue.

The remaining cartilage in the skull of specimen PIN

4353-2614 is smaller and bothparts of the frontal and

parietal bone were mostly in contact. In the Kostionki

12 specimen the suture betweenthe parietal and squa-

mose bone cannot be seen. To judge by the posterior
edge of the parietal bone, the occipital and parietal
bones must have been in contact, although the occipi-
tal bone is missing here. Eales (1925) notes the

presence ofcartilage in the suture betweenthese bones

in a L. africana embryo at an earlier developmental

stage. The maximal thickness of the parietal bone in

the area of the suture betweenthe occipital and tempo-
ral bone is eight mm (fig. 4a: 25).

When seen from its lower part, the skull shows a wide

gapbetweenthemaxillarbones thatreaches thirty mm

(fig. 4b: 31). The maxillaries themselves run almost

parallel. At later ontogenetic stages they gradually
fuse: theirposterior edges approach, and theirlongitu-
dinal axes are at a small angle with each other. The

final stage of this process may be illustrated by speci-

men ZIN 34378.The individualageofthis calf must be

five years, as nine plates of dp4
are in wear. The

distance between the left and right maxillary at the

alveolar end is about twelve mm, at mid-length ten

mm, and even less at the level of the tooth alveoli. In

other words, fusion begins at the level of the tooth

alveoliand is directed toward theend ofthe tusk alve-

oli. By the
age

of five to six years,
the maxillaries are

closely set, as inadults.

In specimen ZIN 34416the upperpart of the alveolus

of dp2 is approximately at the level of the crown. The

tooth is not completely formed, mineralizationof the

plates is not complete and the tooth has not erupted
from the alveolus. The vertical enamel columns that

compose
the five plates of the dp2 crown are separated

almost fromtheir bases to the ends and form irregular

groups, not regular rows transversely to the longitudi-
nal axis of the crown (fig. 4b: 17). The crown base and

the roots are not formed, which indicates the incom-

plete formationof the dp2 at this ontogenetic stage. In

the African elephant, dp2 has not completely erupted
from the gumby the time ofbirth, yet the plate minera-

lization is completed. In about 5% of the newborn

Indian elephants, the dp2 is in wear, but usually wear

starts during the first month of life (Roth & Shoshani,

1988). To judge by the degree of formationof the dp2 in

specimen ZIN 34416, eruption of this tooth in

mammoths took place within a similar time range.

Fig. 5. Differences inpremaxillar length in M. primigenius calves of

ca. one-month from Western Siberia and East Europe: rows =

individual age (months), columns = length of premaxillary (in

mm). 1 = ZIN 34416; 2 = ZIN 31661; 3 = PIN 4353-2614;4 = GIN

77; 5 = PIN 4353-933;6 = ZIN 31837-1

Verschil in lengte van tussenkaaksbeenderentussen M. primigeni-
us kalveren van ongeveer eenmaand oud, afkomstig vanWest Si-

berië en Oost Europa: rijen= individuele leeftijd (in maanden),
kolommen = tussenkaakslengte (in mm). Voor nummers, zie En-

gelstalig onderschrift
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Towards the end of the prenatal period of M. primige-
nius, thealveoli of the di and the deciduoustusks are

formed, which remainwithinthe alveoli tillafterbirth.

In specimen ZIN 31611 (Mal'ta locality) the di is

preserved in the left alveolus. The prenatal develop-
mental age as estimated by theright dp2 is about20-21

months (photo 2). The dp2
crown consists of five

plates. The enamel columns that constitute it are

completely fused. No cement is present. The dp2
apex

is above the level of the edge of the alveolar wall

(photo 2: 3). At least three anterior plates of dp3 are

formed.

The lineardimensionsofsp. ZIN 31611 are larger than

those of sp. ZIN 34416 (table 1). The dimensionsof the

left dp2 alveolus are 20x16 mm, the depth is 22 mm.

The wall between thealveoli of dp2-dp3
,

absent in the

preceeding stage, is completely formed.

The left di is preserved. Its head does not project

beyond the edge of the premaxillary. The interior of

the alveolus is completely occupied by the tusk root.

The opening of the root canal is large. This position of

the di leaves no space for the permanent tusk (I) inside

thealveolus. The permanent tusk formationhas there-

fore not begun. The alveolus of the di is formedby the

premaxillar bone. There is a depression in the medial

wall inside thealveolus whichis partly separated from

therest of thealveolar cavity by an incomplete septum

(photo 2: 4). About nine mm thick cartilage still

remainsbetween the supraoccipital and the exoccipi-
tal bone. Within the frontal and the parietal bone no

cellularair cavities have yet been formed.

Specimen PIN 4353-2614 (Sevsk, a skull of an almost

complete skeleton of a two-weeks-old calf; photo 3:1,

2) is illustrative of this ontogenetic stage. The recon-

structed height of this individual is 80-82 cm, which

correlates to the minimalsize of newborn E. maximus:

76-94.7 cm (Stanley, 1943). Another illustration of this

developmental stage is specimen GIN 77, Yamal

Peninsula.

In specimen PIN 4323-2614the premaxillary bones are

not curved upward as insp. ZIN 31661. This is proba-

bly due to the populational differences between the

Siberian (ZIN 31661) and the Central Russian (ZIN
34416, ZIN 4353-2614) populations (fig. 5). The

diagramillustratesdimensionaldifferences, i.e., speci-

men PIN 4353-2614 (no. 4 in the diagram) exceeds

specimen GIN 77 in the length of the premaxillar
bones (no. 4 in the diagram). Similar differences may
be observed between embryo skulls from Siberia and

Central Russia: ZIN 34416(1) and ZIN 31661(2),

respectively. The length of the palatal bone is compa-

rable with its width, and these proportions persist
until the age of ten to eleven months. Later the length
of the palatal bone becomes notably greater than its

widthbecause of the greater dimensions of the func-

tional teeth.

The dp2 are not in wear. The left one consists of four

plates, theright oneof five plates. Cementformationis

beginning on the crown, but the tooth most likely has

M. primigeniusFig. 6. Fragment of skull of ca. one-month calf of

(GIN 77, Yamal Peninsula): a =

upper view; b = side view; c =

bottom view; d = structure of the alveolus. Scale bar 3 cm (a, b, c)
and 2 cm (d). In a, b, c: 1 = suture between premaxillar and maxil-

lar bone; 2 = air cells in frontal bone; 3 = depression onthe

anterior part of the premaxillary for trunk base muscle

attachment; 4 = intermaxillar suture; 5 =premaxillary; 6 = postor-
bital process; 7 = maxillofrontal suture; 8 = sphenoidal fissure; 9 =

maxillary; 10 = dp²; 11 = dp4 alveolus; 12 = interalveolar wall

between dp² and dp³; 13 = infraorbital foramen; 14 = posterior
wall of dp4 alveolus; 15, 17 = frontal bone; 16 = dp³; 18 = suture

between right and left parts of the frontal bone. In d: 1 = maxilla; 2

=premaxilla; 3 = internal depression; 4 = external canal; 5 = di

alveolus; 6 = intermaxillar suture; 7 = incomplete wall separating
internal depression from external canal inside alveolus

kalf vancirca 1 maand

oud (GIN 77, Yamal schiereiland): a = bovenaanzicht; b = zijaan-

zicht; c = onderaanzicht; d = tandkasstructuur. Maatstreep 3 cm

(a, b, c) en 2 cm (d). In a, b, c: 1 = naad tussen bovenkaaks- en tus-

senkaaksbeenderen; 2 = luchtkamers in voorhoofdsbeen; 3 = del

in voorste deel van de tussenkaak voor spieraanhechtingvan

slurfbasis; 4 = tussenkaaksnaad; 5 = tussenkaaksbeen; 6 = uitsteek-

sel achteroogkas; 7 = naad tussen bovenkaak en voorhoofd;8 =

wigvormigespleet; 9 = bovenkaak; 10 = eerste generatiekies

(dp²); 11 = tandkas voor derde generatiekies (dp4); 12 = wand tus-

sen tandkassen voor dp² en dp³; 13 = openingonder oogkas; 14 =

achterwand vantandkas voor dp4
; 15, 17= voorhoofdsbeen; 16 =

tweede generatiekies (dp³); 18 = naad tussen rechter en linker

voorhoofdsbeenderen. In d: 1 = bovenkaaksbeen; 2 = tussenkaaks-

been; 3 = interne groeve; 4 = extern kanaal; 5 = tandkas voor di; 6

= tussenkaaksnaad; 7 = onvolledige scheidingswand tussen cen-

trale groeve en perifeer kanaal binnen de tandkas

M. primigeniusSchedelfragment vaneen
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not erupted completely from thealveolus. The dp3 are

in the
process of formation: nine plates are minerali-

zed but not fused at the bases. The roots are absent.

The wall that separates the dp2 fromthe dp3 is formed

completely. The preserved part of the right premaxil-

lary has a canalfor the rootof the first generation tusk.

Inside thepremaxillary the canal is displaced laterally.
Its cross section is oval, with the axes 8 x 4.5 mm most

likely corresponding to the cross sectionof themiddle

part of the di root. The canal noticeably narrows from

the anterior end of the alveolus to its posterior end.

The position of the root canal suggests that the tusk

alveolus was also formed only by the premaxillary at

this stage. The anterior part of the premaxillary adja-
cent to the maxillary is not preserved. The structure of

the di root canal and its size suggest that permanent
tusk formationbegins at a later stage. The depression
for the muscles for the attachment of the trunk base to

the frontal surface of the premaxillary bones is large.
The dimensions of the infraorbital foramen are 20 x

20.5 mm. The length and width of the jugal boneare 17

and 10 mm respectively. The nasal opening is above

the level of the orbits.

The specimen GIN 77 from the Yamal Peninsula is a

fragment of the facial part of the skull of an approxi-

mately one-month-oldmammothcalf (fig. 6; photo 4:

1-3). The teeth are dp2
.

The crown consists of five

plates. All plates are functional, for they exhibit traces

ofwear. The dp3 consists of ninecompletely minerali-

zed plates that are not coated with cementand whose

bases are not fused. The roots have not been formed

either.

The specimen differs fromthe Central Russian speci-
mens ZIN34416 and PIN 4353-2614in proportions and

shape of the alveolar part of the skull (table 1; fig. 5).
This part is notably shorter in the Yamal specimen and

the premaxillary is considerably curved (photo 4:2) as

in the specimen ZIN31661fromWestSiberia. Tojudge

by the reconstructed dimensions of sp. GIN 77, the

skull was smaller than in the Sevsk newborn sp. PIN

4353-2614.This makes a contrast withthe greater indi-

vidual
age of sp. GIN 77, determinedby the degree of

wear ofthe dp2
.

This discrepancy is probably also due

to populational differences.

The nasal bones are not preserved. To judge by the

suture formed betweenthe frontalbones and the non-

preserved nasal bones (fig. 5a: 17), the nasal bones at

this stage were at least partially formed by ossified

tissue. The suture betweenthe leftand right halves of

the frontal bone is well expressed (fig. 5a: 18). The air

cells in the frontal bones of this individual have

formedalong the lateraledges of thebones (fig. 5a: 2).

Thealveolar part of the skull is formed by two bones,

each of which makes a different contribution. The

upper
and external part is formed by the premaxillar

bone only (figs. 6a: 5, 6c; photo 4: 2). The lower and

internalpart is formed by the maxillar bone (photo 4:

1). Thealveolus itself is formedonly by the premaxillar
bone (fig. 6d, 2). The depression for the attachment of

the trunk base muscles to the anterior surface of the

premaxillary bones is well expressed (fig. 6a: 3). The

tusk alveolus is well preserved. Its internal wall

surface is cellular (fig. 6d: 5). The thickness of the alve-

olar wallat the opening is about6 mm, the diameterof

theopening is about 16 mm. The diameter diminishes

from theanterior edges ofthe premaxillar bones to the

nasal opening. It reaches a minimumof 9 mm at alevel

situated 10 mm from the lower edge of thepremaxillar
bone. In this part of the alveolus, the di root and the

neck of the tusk head were most probably situated.

The insideof the alveolus is subdivided into two parts

(as in sp. ZIN31661). The larger part (which is lateralin

relation to the intermaxillary suture) is the alveolus of

the diproper, or the external canal (fig. 6d: 4). This is

more clearly visible in the right alveolus on photo 4:2.

The smaller (medial) part of the alveolus is a depres-
sion (internal depression) separated from the external

canal by an incomplete wall (fig. 6d: 7). The depth of

this internal depression is 26 mm. It has an oval cross

section with axes of 7.5 and 5.0 mm. The bed of this

depression has a porous structure but there are no

large openings for big blood vessels or nerves. The

Fig. 7. Comparison of skull shape in newborn (a) and adult (b) M.

primigenius, side view, a = PIN 4353-2614, Sevsk locality, Bryansk

region; b = ZIN 5316, Beriozovka river, Yakutia; 1 = occipital

condyle; 2 = occipital bone. Scale bar: 10 cm

Vergelijking van schedelvorm tussen een pasgeboren (a) en vol-

wassen(b) M. primigenius, zijaanzicht, a = PIN 4353-2614, vind-

plaats Sevsk, district Bryansk; b = ZIN 5316, Beriozovka rivier,

Yakutië; 1 = achterhoofdsknobbel; 2 = achterhoofd. Maatstreep 10

cm
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part of the di alveolus that is seen is curved to follow

the shape of the premaxillary. The dimensions of the

alveolar cavity correspond exactly to the dimensions

of the diroot,which suggests that the I isnot minerali-

zed at this ontogenetic stage.

In the Yamal Peninsula calf cadaver (ZIN 34201), first

generation tusks have erupted from the soft tissues

(Vereshchagin & Tikhonov, 1999). The individualage

of this calf as determined by the dp2 is about one

month. Theextentofwear ofthe dp2 is the same as that

in specimen GIN 77, which is close in individualage,

so that one may suggest that the di was probably
formed to an extent similar to that in GIN 77. It is

evident that the di formation was completed by the

age of one month.

The extant material allows the description of some

peculiarities of skull morphology regarding the

period between ten or eleven months to one year and

two or two and a half to three and a half
years.

This

interval is characterizedby the endof the functionality
of dp2

,
the substitution of the I for the di, a change of

the skull proportions (the facial part becomes

relatively larger), and the obliterationof some cranial

sutures (viz., the sutura sagittalis, and the suture

between the exoccipital and supraoccipital bone). The

suture between the parietal and occipital bone

persists, the bones being in close contact, with no

traces of cartilage betweenthem. Inaddition, air cells

underthe internal surface ofthe nasaland frontalbone

are no longer aligned in one row and form also under

the internal surface of the parietal bone by the age of

three years.

The specimen ZIN31771(1) fromKostionki-1 is a frag-
ment of a mammothcalf skull, with an individual age

of ten to eleven months (photo 5). The dp2 and dp3 are

functional, the formerisheavily worn. All plates are in

wear, the first one is completely worn down. Six ante-

rior plates of the dp3 are in wear. All plates of the dp 3

are completely formed and coatedwithcement. Speci-

men ZIN 31771(1) is close to the mammoth calf from

the Magadan region (ZIN C 70188) in the extent to

which the functional teeth have been formed

(Vereshchagin, 1981).

The next stage in mammoth ontogenesis, well

exemplified by the extant cranial material, coincides

with the
age of eleven to fourteen months, estimated

on the basis of dentitional data. In the dentition, the

end of the first
year

of postnatal development in

mammoths is signalled by the substitution of dp3 for

dp2
.

In specimen ZIN 31771(1), from Kostionki 1, a

skull fragment of a juvenile aged ten to eleven months

(photo 5), the dp2 and dp3 are functional.All dp2 plates
are heavily worn, the anteriormost plate is worn

totally. In the dp3
,

the six anteriorplates are in wear.

All dp3plates are completely formed and coveredwith

cement. In regard to the level of formationof the func-

tional teethsp. ZIN 31771(1) is close to the mammoth

calf fromtheMagadan region, ZIN C 70188(Verescha-

gin, 1981).

The specimens PIN 4353 from Sevsk (photo 6), and

ZIN 31277(1), 31689, and Kostionki 1 (table 1), repre-

sent a laterstage of ontogenesis, viz. twelve to fourteen

months. Specimen PIN 4353 is a skull of a complete
skeleton of a one-year-old calf with a functional dp3 .

All plates are in wear. The anterior plates of dp4
are

mineralized, but the basis of the crown and roots have

not been yet. The alveolus of the posterior root of the

dp2 still remains (photo 6, fig. 2). Fouranteriorplates of

the dp4 emerge from the opening in the maxillarbone

behind the alveolus of the dp3
.
Only the apex of the

anteriormost plate of the dp4 is covered with cement.

Other plates lack cement totally. The dp3 of the

specimens ZIN 31277(1) and 31689 show somewhat

more advanced wear, which suggests that these

individuals were older than one year.

It is only themaxillarbone thatforms the tusk alveolus

in sp. PIN 4353-933. This well-preserved specimen

provides a good example of the changing overall

proportions of the skull owing to elongation of the

alveolar part. In the alveolar part, the diameterof the

alveolus increases (table 1), the premaxillar bones

become X-shaped, and the main axes of the alveolar

openings become slightly divergent. Both tusks, di

and I, remain in the left alveolus (photo 6: 3). The di

does not project beyond the edge of the premaxillar
boneand is situatedlateralto the I, whilethe root of the

di is intouch withthe apex ofthe I. The headof theroot

of di shows traces of resorption. There is no enamel on

thehead end, theenamel remains only at its basis. The

root of the di has no canal and is approximately twice

as short as in youngeranimals. This structure of the di

suggests that substitution of the I for the di in M.

primigenius took place in calves with an age
of

approximately one year.

The length of the palate is considerably greater thanits

width. In specimen PIN 4353-933, the palate length is

90 mm, its width up to 27 mm. The alveolar wall

between dp3 and dp4 is incomplete. The posterior and

the upper walls of the dp4 alveolus are formed by the

pterygoid processes.
Nasal and frontal bones are not

preserved. The suture betweentheright and left parie-
tal bones is clearly seen (photo 6: 1). The suture

between the squama temporalis and the pterygoid
bone is also seen. The external ear opening is oval, its

dimensions are 20,5 x 23 mm. This opening is situated

at the levelof the jugalprocess of the squamatempora-
lis. All sutures between the bones in the brainregion,
i.e., between the frontal and parietal bone, and

between the supraorbital and parietal bone and the

squama temporalis, remain well expressed in sp. PIN

4353-933 and other specimens of the same age.
The

cartilage between the supraorbital and parietal bone

and squama temporalis most evidently disappears.

The occipital bone is still subdivided. The upper part

(supraoccipital bone) has a paired fossa, the fossa

sphenoperiotica. The lower part (exoccipital bone)
bears the occipital condyles. With respect to their

situation and orientation, these bones are similar to

those in specimen PIN 4353-2614, whereas their
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orientation differs significantly from that of the same

bones inadults (fig. 7). Air cavities are well developed
in the frontalboneand in some areas of thebasicranial

bones. In the frontalbone they formone row.

During the next ontogenetic period (one and a half to

two years), the proportions of the facial and cerebral

parts of the skull in mammothcalves become similar

to those in adults. The skull bones come into

immediate contact with each other, and the sutures

start being obliterated. In the zones of bone contact

some sutures partly disappear. Cartilage disappears

completely. The length of the alveolar part becomes

equal to or even greater than the length of the cerebral

region of the skull. During this period, dp3 is replaced

by dp4 . The I - its tip already in wear - starts emerging
from its alveolus as the animalis two years old.

Specimen ZIN 31772(2), Kostionki 1, a fragment of the

facialpart oftheskull (photo 7:1), displays the dp3-dp4

replacement. In the dp3 all plates are inwear. The ante-

riormostone is worn downcompletely. In the dp4 four

anterior plates are touched by wear. The dimensions

of the skull are intermediatebetween those of a one-

year-old calf (PIN 4353-933) and specimens with func-

tional teeth of the second and third generations in

more advanced wear (table 1). To judge by the tooth

generation sutures on the skull, and overall dimen-

sions, the individual age of this specimen should be

about fourteen to eighteen months. Not only the

premaxillar bone, but also the maxillarbone forms the

alveolus inthe preserved fragment ofthe alveolarpart
of the skull, where the alveolar diameter is 23 mm. It

shoulddefinitely be greater at the opening of the alve-

olus.

The specimens ZIN 31837(1) (photo 7: 2) and ZIN

31773from Kostionki 1, are fragments offacial parts of

calfskulls with theremainsof functional dp3 (bases of

five posterior plates) and functional dp4 . Six anterior

plates of dp4 are inwear. The teeth and the degree of

formationof the skull bones suggest that their indivi-

dual age was between one and a half and two years

(table 1). The alveoliof I are formedby bothpremaxil-
lar and maxillar bones. The nasal opening is situated

above the level of the orbits. The dimensions of the

infraorbital foramen in ZIN 31773 are 18 x 22 mm. The

sutura sagittalis is obliterated, as well as the suture

between the exoccipital and supraorbital bone,

whereas the suture between the parietal and occipital
bone still persists, but thesebones fuse. Air cavities in

nasal and frontal bone are well developed and form

more thanonerow. Thereare air cavities inthe parietal
bone also.

It is evident that, from theage of one and a half to two

and ahalf years, the size of tusks is not only influenced

by individual variations, but also by sexual

dimorphism. In ZIN31773 the tusk diameteris 40 mm,

and in sp. PIN 4353-2824 (three plates of dp3 remai-

ning, individual
age

3-4 (?) years) it is 32 mm. In sp.

PIN 4353-445, the individual age as determinedby the

functional dp4 is aboutsix to seven years, and the tusk

diameteris 28 mm (table 1).

Thus, to judge by the material described, qualitative

changes in morphology connected with growth

during the first one to two and a half yearsof postnatal

development are succeeded by quantitative changes

at three to four years. The specimens PIN 4353-2824

and ZIN 31773 represent exactly this transitional stage
of ontogenesis and are illustrative of these changes.

The lower jaw in early stages of on-

togenesis
Twenty four lower jaws were studied. Their measure-

ments are presented in tables 2 and 3. The material

embraces the time span between the end of prenatal

ontogenesis and three to four
years

of
age. The data

shows that in early ontogenesis of M. primigenius the

length of the symphyseal part diminishesrelatively to

the ramus of the mandible (table 3). The material

studied displays a variability that is most probably
connected with populational differences (fig. 8): in

comparison with the individuals from CentralRussia

(nos. 5,10, and 11), the individuals fromSiberia (nos. 1,

7, and 9) have a relatively lower mandibular ramus.

The wear of dp2, dp3, and dp4 proceeds at a relatively
slower rate than in the corresponding teeth of the

upper jaw, and the speed of wear of dp3 and dp4 in

different populations and different individuals is

Fig. 8. Proportions (in mm) of lower jawsof M. primigenius calves

from Central Russian and Siberian localities. The numbers in the

diagram correspond to the order ofspecimens as given in table 2.

Columns: height of the mandibular body at the posterior edge of

the functional tooth;rows: length of lower jaw

Afmetingen (in mm) van onderkaken van M. primigenius kalveren

uit Centraal Russische enSiberische vindplaatsen. De nummers

komen overeen met de volgorde vanexemplaren in tabel 2. Ko-

lommen: hoogtevan het kaaklichaam ter hoogtevan de achter-

rand van de functionele kies; rijen: kaaklengte
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evidently slightly different. That is why a wider age

range was selected for determing individualages.

During the prenatal ontogenesis the compact layer of

the body of the lower jaw is thin and differs in struc-

ture from what is observed during later periods. The

left and right halves are not fused in the symphysis.
The specimens ZIN 31661, Mal'ta (Western Siberia),
ZIN 29843, Eliseevichi, ZIN 28392(4), Kostionki 14

(photo 8: 9), and ZIN 34419(24), are fragments of

symphyseal parts of lower jaws and complete lower

jaws of embryos of 20-28 months of gestation. The

length of the symphyseal part (from theanteriorendof

the symphysis to the beginning of the interalveolar

crest) ineach of these is greater than the height of the

mandibular body. A mental process has not yet
formed in these specimens (table 2). In sp. ZIN 31661

the symphyseal part ofthe mandible(in this case from

the end of mental
process to the anterior edge of the

dp2 alveolus) is much shorter than the horizontal

ramus (from theanterioredge of the dp2 to the angle of

the lower jaw): 50 mm and 90 mm respectively. This

ratio (1.8) is the greatest of the wholesample (table 3).
To judge by sp. ZIN 31661, the coronoid process is

sharply inclined backward, its angle with the mandi-

bular body less than 65° (photo 8: 3).

The materia compacta is thinner in the symphyseal

part and thicker at the lowerand upper surfaces of the

horizontalbranches. Thereare multiple small nutritio-

nal foramens in thesymphysis. The mental foramenis

either singular (ZIN 28392(4)) or paired, and opens

only on the buccal surface of the horizontal ramus

(mandibular body) as in ZIN 29843 (photo 8: 9). In sp.

ZIN 29843, thementalforamens are divided (fig. 9c, d).
A narrow anastomosis divides them at the lingual
surface. At the buccal surface the anterior foramen is

larger (55 x 4 mm), and the posterior one is smaller (2 x

1.5 mm). At the level of the bottom of the dp3 alveolus

the mandibular canal is seen. It fuses with the mental

foramens and leads through them to the external and

internal surfaces of the horizontal ramus. The diame-

ter of the canal at the level of the dp3 alveolus is 6 x 5

mm.

Age peculiarities in morphology are best expressed in

the structures of dp2 and its alveolus.In ontogenesis
the formationof dp2proceeds parallel to the formation

of its alveolus. Originally the crown of dp2 doesnot go

beyond the edge of the alveolusand the
space

between

the alveolar wall and the root is filled with materia

spongiosa as in ZIN 28392(4) (photo 8:2; fig. 10a,b). In

sp. ZIN 28392(4) part of the interorbital crest is

destroyed and the rootof dp2 is open. The root is consi-

derably deflected forward, and long. The opening of

the root canal is large. Later (sp. ZIN 29843), the apex

of the dp2 crown stands out above the bony edge of the

alveolus, but remains unworn, which suggests that the

toothdid not erupt from the soft tissues. Between the

crown base, the root and thewall of thealveolus there

is a space not filled with materia spongiosa, and the

alveolarwalls are well formed (photo 8:1; fig. 10c, d).

No dp2 crowns are preserved in specimen ZIN 31661.

The depth of the left dp2 alveolus is 18 mm, the other

dimensions are 11 x 8 mm. On the bottom of the dp2
alveolus an opening is preserved that most probably
united the dp2 root canal and the mandibular canal.

The latter opens with a separate foramen onto the

innersurface ofthe mandibularbody at the level ofthe

anterior edge of the dp2 alveolus, twelve mm beneath

its upper edge (photo 8: 3,4).

Near the end of prenatal ontogenesis, changes in dp3

morphology and the structure of its alveolus are obser-

ved. In sp. ZIN 28392(4) the anterior plate of dp3 is

preserved. The plate is formed by mineralizedenamel

columns that are grouped together. The base of the

crown and the roots are not yet mineralized. The posi-
tions of the first and the base of the second plate

Fig. 9. Left part of symphyseal part of the lower jaw of M.

primigenius foetuses during the last prenatal stage, a = ZIN

28392(4), Kostionki 14, Voronezh region, side view; b = same,

upper view; c = ZIN 29843, Elisievichi, Bryansk region, side view;

d = same, upper view. Scale bar: 5 cm. 1 = dp2; 2 = root of dp2; 3 =

crista interalveolaris; 4 = anterior plate of dp3; 5 = anterior mental

foramen; 6 = symphyseal suture; 7 =posterior mental foramen.

M. primi-

genius

Linkerdeel van symphyseaal deel van de onderkaak van

foeten tijdens laatste stadium van de dracht. a = ZIN

28392(4), Kostionki 14, district Voronezh, zijaanzicht; b = idem,

bovenaanzicht; c = ZIN 29843, Elisievichi, district Bryansk, zijaan-
zicht; d = idem, bovenaanzicht. Maatstreep 5 cm. 1 = dp2; 2 = wor-

tel van dp2; 3 = kam tussen de tandkassen (crista interalveolaris); 4

= voorste plaat van dp3; 5, 7 = voorste en achterste opening tot on-

derkaakskanaal (foramina mentalia); 6 = versmeltingsnaad tussen

de kaakhelften.
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suggest that the dp3 is still completely insidethealveo-

lus. In sp. ZIN 31661 (photo 8: 3, 4) the anterior three

plates oftheright dp3 are similarinstructure and posi-
tion. The interalveolar wall between dp2 and dp3 is

complete in all specimens. The opening of the mandi-

bular canal is situated under its lower edge at the

lingual surface of the mandibular body. An incom-

plete wall remainsbetweenthe dp3and the dp4 alveoli

of the left ramus. The length of the dp3 alveolus is

about 51 mm, its greatest width about 27 mm. The

thickness of the dp3 alveolar walls is about 2 mm.

No significant qualitative transformationsofthe lower

jaw take place in the beginning of postnatal ontogene-
sis (from birth to one or two months). The superficial

layer (materia compacta) is formed everywhere, but

for the head of the lower jaw. Nutritive foramenssitu-

ated at the innersurface of thesymphyseal part during
the preceding ontogenetic stages, are absent. The

symphyseal suture betweenthe right and left ramus of

the jaw is well developed (fig. 10). The formation of

dp2 is completed and wear begins. Mineralizationof

all plates ofdp3 occurs. In the sample studied the follo-

wing specimens illustrate this stage: PIN 4353-2615, a

lower jaw of a complete skeleton from Sevsk, ZIN

34201(1), a lower jaw of a calf cadaver from Yamal

(photo 9, figs. 1, 2) and GIN 77 (fig. 10).

The proportions of the lower jaw are similar to those

related to the previous ontogenetic stage (tables 2 and

3): in specimen PIN 4353-2615 the length of the

symphyseal part is 75 mm, the length of the mandibu-

lar body from the dp2 alveolus to the posterior end of

the mandibular ramus is 140 mm (134 mm in ZIN

3420(1)). The ratio of these lengths is 1.86. It is 1.80 in

ZIN 31661 (a foetus). In specimen PIN 4353-2615 the

mandibular body is relatively shallow, the anterior

part of the ascending ramus is directed upward verti-

cally andthe posterior part, together with thecondylar

process, is inclined backward. The height to length
ratio of the lower jaw is 0.54 in PIN 4353-2615,and the

height to thickness ratio of the mandibularbody 1.31.

InZIN 3420(1) the latter ratio is 1.19as the specimen is

less lengthy and more robust. The data in table 3

illustrates the relative reduction of symphysis length

during later ontogenetic stages.

At this stage of ontogenesis some differences emerge
that depend on individualand populational peculiari-
ties. In a one-month-oldcalfofM. primigenius fromthe

Bensheim locality (Germany) the epiphyseal part is

significantly inclined downward. The length of the

interalveolarcrest is about80 mm, while the symphy-
seal partmeasures 65 mm (Dobert, 1992). The distance

from the base of the mandibular body to the lower

edge of the symphyseal part is about 32 mm. In the

specimens from localities of the Russian Plain and

Siberia the symphyseal part is shorter and directed

forward. The length ratio between the symphyseal

part and the mandibular body (partly reconstructed)
is 2.07 (table 3).

The formation of the mental foraminanears comple-
tion. There are usually two foraminaand their forma-

tion correlates with the formationof the interalveolar

crest. In sp. PIN 4353-2615 the posterior foramen is

situated under dp2, whereas the anterior one is closer

to the interalveolar crest. A similar position of the

mentalforaminais observed during later stages. In sp.

PIN 4353-2615 and specimens of later ontogenetic

stages theanteriormentalforamenisno longer separa-

ted from the mandibularcanal at the internal surface

of the symphyseal part. In addition, the anterior

mental foramenpasses through the interalveolar crest.

The dimensionsof theanterior mental foramen are 7 x

5.5 mm; those of the posterior one are 7 x 3.5 mm.

The structure of the mandibular head is illustrated

with the specimens ZIN 34201(1), PIN 4353-2615, and

GIN 77. The articular surface of the head is flattened,

the neck is not expressed. The headis slightly inclined

forward, the coronoidprocess is shallow. The head is

much elongated rostro-caudally. Its medial edge is

lower than the lateral one, and the anterior edge is

lower than the posterior one.

The mandibularincisura is shallow (fig. 10). In sp. PIN

4353-2615 the difference in height between the apex of

the coronoidprocess and the lowermost point of the

mandibular incisura is ca. six mm. The mandibular

head is ten mm higher than the top of the coronoid

process. The lowerjaw angle (angulus mandibulae) on

the rear edge of the ascending ramus is situated 28 mm

beneath the lower edge of the jaw head. In sp. ZIN

34201(1) themandibular angle is the hindmostpart of

the jaw. It is situated ca. 33 mm beneath the posterior

edge of the mandibular head. Such a high position of

Fig. 10. Right ramus of lower jaw of ca. one-month-old calf of M.

primigenius, GIN 77, Yamal Peninsula; a = side view; b = upper

view. Scale bar: 5 cm. 1 = dp2alveolus; 2 = incomplete wall

between dp2 and dp3alveoli; 3 = mental foramen;4 = interalveo-

lar crest; 5 = symphyseal suture

Opgaand deel van de rechter onderkaak vaneenM. primigenius
kalf vanca. 1 maand oud (GIN 77, Yamal schiereiland); a = zijaan-
zicht; b = bovenaanzicht. Maatstreep: 5cm. 1 = dp2 tandkas; 2 =

onvolledige wand tussen tandkassen van dp2en dp3; 3 = gat voor

zenuwen; 4 = kam tussen de tandkassen; 5 = vergroeiingsnaad
tussen de kaakhelften
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themandibularangle is usualbefore the
age

of three to

four
years.

The posterior edge of the mandibular

ramus is strongly rounded (photo 9:1).

The ascending ramus remains relatively wide and

shallow during the first postnatal period, at the

expense of proliferation of the mandibular angle

(tables 2 and 3). The posterior edge of the ascending
ramus is sharply inclined backward. In sp. GIN 77 the

mandibular incisura is elongated rostro-caudally and

its posterior edge issituated at the levelof the coronoid

process. The top of the coronoid process is 18 mm

lower than the highest point of the mandibularhead.

In sp. ZIN 34201(1) theapexes of plates one to three of

dp3 emerge 3-4 mm above the level of the upper edge
of the tooth alveolus (photo 9: 2). During this stage of

ontogenesis dp3 remains inside the soft tissues of the

gum.
The structure of the anterior plates insp.

GIN 77

is similar. In both specimens the interalveolar wall

between dp2 and dp3 is incomplete and occupies only
the lower third of the alveolus. Behind the posterior

edge of dp3 there is an incomplete wall thatseparates

the tooth from dp4. In specimen ZIN 34201(1) there is

an oval opening in the
upper

surface of the mandibu-

lar body above the dp3. The opening narrows fromthe

anteriorto theposterior edge of the tooth crown. Distal

from dp3, above the dp4 germ, the opening becomes a

fissure that still narrows towards the posterior end of

the jaw. In both specimens (ZIN 34201(1) and GIN 77)
the bony tissue around the fissure is very thin, with

many large nutritive foramens that indicate the zone

of active growth.

The lower jaw morphology at the next stage of post-
natal ontogenesis (eight to twelve months) may

be

characterized with a number of transformations

connected with linear growth. The functional teeth

during this stage are dp2 and dp3. If the former is still

functional, itis represented by the base ofthe posterior

part of the crown. In dp3 two posterior plates begin to

wear (ZIN 28284(2), photo 9: 3; ZIN 34426, photo 9: 4;

ZIN 34427, photo 9: 5; ZIN, Kostionki 14 IV P 40; PIN

2323-12, photo 10:1). The symphyseal suture is oblite-

rated and both halves ofthe lower jaw fuse. Simultane-

ously, the formationof the mentalprocess begins. In

connection with the formationof the massive dp4 and

Mi, themandibularbody becomes more robust. In the

specimens ZIN 34426 and PIN 2323-12, the

height-to-width ratioof the mandibularbody 1.09and

1.03 respectively and signals an increase in the

robustness of the jaw (table 3). In specimen PIN

2323-12, the dimensionsof thealveolus are 46x 32 mm;

the depth of the posterior root pit is 39 mm.

In comparison with the preceding ontogenetic stage,
the proportions of the symphyseal part and the mandi-

bular body change insignificantly. In specimen PIN

2323-12 the length of thesymphyseal part, from the tip
of the mental process to the anterior edge of the dp2
alveolus is ca. 63 mm (table 3). Threemental foramina

are usual at this stage. In sp. PIN 2323-12 the two

posterior mentalforaminaare situated underthe ante-

rior edge of the dp2 alveolus, 24 mmbelow the upper

edge. Their dimensionsare 3.5 x 3 and 3 x 2.5 mm. The

anterior mental foramen
goes through the interalveo-

lar crest and opens onto the inner surface of the

symphysis. The mandibularcanal also opens onto the

inner surface of the symphysis. It forms a separate
foramen that is connected with the mental foramen.

The specimen ZIN field mark Kostionki 1, 1994, to

judge by the tooth generation, is the eldest in this

series: this is a lower jaw of a one-year-old calf (photo
10: 2). The functional tooth is dp3 with all plates in

wear and the anterior plate worn down completely.
The horizontal ramus ofthe lowerjaw in this specimen
is relatively shallow and elongated. Its height-to-
widthratio is 1.12(table 2). The ratioof length between

the symphyseal part (76.5 mm) and the mandibular

body (229 mm?) is 2.9, which signals the relative shor-

tening of the symphyseal part and the beginning ofthe

transformationof the proportions of the lower jaw. To

judgeby thebase of the left ascending ramus, its poste-
rior edge was oriented upward and the mandibular

angle probably was in a comparatively elevated posi-

tion. The individualpeculiarity ofsp. ZINKostionki 1,

1994, is thepresence of only one mental foramen that is

situated under the medial edge of the dp3.

The morphology of the lower jaw in the interval

betweenone and one and a half years can be characte-

rized with the rapid formation of morphological traits

of adult individuals. The functional teeth during this

period are dp3 - dp4. Three to five posterior plates

persist in dp3. Three to five anterior plates of dp4 are in

wear. The crown of dp4 is completely mineralizedand

covered with cement (posterior plates may not yet be

covered with cement, as in PIN 4353-678).

The most significant transformations in symphyseal
structure are the growth of its height (as well as of the

mandibular body) and the completion of the forma-

tion of the mentalprocess. The latter is practically the

same as those inadult individuals. The data in tables 2

and 3 shows thatsp. PIN 778-1 differsfromspecimens

that represent even later ontogenetic stages in a more

lengthy interalveolar crest (117 mm, similar to PIN

4353-678). The angle between the crest and the hori-

zontal surface is much greater in comparison with the

preceding ontogenetic stage (photo 10:3), and approa-

ches the angle ofinclinationof the interalveolar crest in

sp. PIN 4353-678 (photo 11). The reconstructed length
of the mandibularbody from the anterior edge of the

dp3 alveolus to the posterior edge of the jaw is ca. 205

mm (in PIN 4353-678 it is 250 mm). The length of the

symphysis from the anterior edge of the dp3 alveolus

to the anterior edge of the mental process is 37 mm (in
PIN 4353-678it is 93 mm). The ratio between the two

lengths is2.80. The height-to-width ratioof the mandi-

bularbody is 1.0 (in PIN 4353-678it is 1.05). It is worth

mentioning here that these ratios vary relatively little

even in lower jaws of different linearsizes.

In all specimens at this ontogenetic stage the anterior

edge of the ascendent ramus is almost upright and its
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posterior edge is less inclined distally than at the

previous stage. The mandibular angle is the most

posterior point of the lowerjaw: in sp. PIN 4531-12it is

situated 38 mmbelowthe posterior edge of the mandi-

bular head, i.e., relatively far down. The neck of the

mandible formsthe condylar process. The mandibular

incisura transforms its shape. Its maximal depth is in

the area of the anterior edge; in the direction of the

head of themandibleits outline gradually rises.

From the beginning of this ontogenetic stage the posi-
tionsof thementalforaminapractically donot change.

However, many
variations are observed in their rela-

tive positions and connections with the mandibular

canal. It is possible that these variations are deter-

minedby the growth intensity of the lowerjaw and by
continuous transformations connected with tooth

formationand changes of tooth generations. Indirectly
indicative ofthis is the differentnumberof additional

nutritive foramina located around the mandibular

canal that open onto the inner surface of the symphy-
sis.

There are two mental foramina in sp. PIN 778-1. The

anterior one is 35 mm below the anterior edge of the

dp3 alveolus. Its dimensions are 7 x 4.5 mm. The ante-

rior mental foramen is situated67 mmbelow the ante-

rior edge of the dp3 alveolus. It goes through the

interalveolar crest and connects with the mandibular

canal that opens onto the internal surface of the

symphysis with a common depression. In sp. PIN

4353-678 the anterior and the posterior mental fora-

men are situated under the dp3 alveolus and are sepa-
rated fromeach other by twelve mm (photo 11). Their

distance from the anterior edge of the alveolus is 44

mm. The dimensions of the anterior mental foramen

are 5 x 4.5 mm; those of the posterior one 5.5 x 4 mm.

The anterior mental foramen does not perforate the

interalveolarcrest, so that only the mandibularcanal

(2 x 1.5 mm) opens onto the internal surface of the

symphysis. In sp. PIN 4531-12 there are three mental

foraminain the leftmandibularramus and four in the

right (photo 10,4). In the right ramus the distal mental

foramen is situated below the centre of dp3. The two

middle foramina are under the anterior edge of dp3.
The medial mental foramen issituatedbelow theother

three. It goes through the interalveolarcrest and
opens

onto the same depression as themandibular canal. The

dimensions of the four mental foramina are: 4 x 3.5

mm, 3.5 x 2 mm, 3.5 x 2.5 mm, and 4 x 2.5 mm. The

opening ofthe mandibularcanalis oval and large (12 x

8 mm).

The next ontogenetic stage (two and a half to five

years) is characterized by changes in linear dimen-

sions without significant transformations in the lower

jaw morphology. From two and a half to three and a

halfyears, substitutionof dp4 for dp3 occurs. The ante-

rior six to eight plates of dp4 may be in wear, and the

dp4 crown is completely covered with cement. This

ontogenetic period is illustrated with the specimens
ZIN 31836(1) (photo 12:1) and PIN 4353-591.

The specimen ZIN 31836(1) is the only known lower

jawof arepresentative of the family Elephantidae with

dp2, dp3 and dp4simultaneously infunction.The distal

part of the dp2 crown base as well as bases of the two

posterior plates of dp3 persist. Six anteriorplates of dp4
are inwear. The retardationin change of not only dp3,
but also dp2 is probably due to peculiar occlusion of

teeth caused by individualand weak pressure exerted

by subsequent tooth generations on the preceding
ones. In PIN 4353-591, wear of the functional dp4

suggests the individual was older than sp. ZIN 31836

as eight anterior plates are worn.

The mandibularramus in sp. PIN 4353-591is short and

high. The posterior edge of the ascending ramus is

inclined backward. The mandibular angle is situated

40 mm below the posterior edge of the mandibular

head.Together with the distad inclinationof thewhole

posterior edge of the ascending ramus, this determi-

nes the relatively low position of the mandibular

angle, which is the posteriormost point of the lower

jaw. The mandibularhead is slightly inclined forward.

The posterior edge of the mandibular head is at the

same level as the anterioredge. The coronoid process

lies approximately 30 mm below the articular surface

of the mandibular head. The mandibular incisura is

shallow, the distancebetweenits lowermostpoint and

the top of the coronoidprocess is about 9 mm.

The ratiobetween the lengths of the symphyseal part
and the horizontalramus (3.67) is indicative of a rela-

tivereductionof the symphyseal length in comparison
with the preceding ontogenetic stage. The height-to-
width ratio of the mandibular body is 0.9, which

means that at theageofthreeand ahalf years the lower

jaw becomes relatively shorter and deeper.

There are three mental foramina. The posterior one

(9.5 x5.5 mm) is situatedunderthe medial edge of dp4.
The distance between the middle (5x3 mm) and the

anterior (5.5 x5 mm) ones is 10 mm. Themiddlemental

foramen goes through the interalveolar crest and

opens onto the same depression in the inner symphy-
seal surface as the mandibularcanal.

All morphological transformations stop during the

next ontogenetic stage, between three and a half and

five years. After this stage, all age-related differences

are determinedby linear growth of the lower jaw and

transformationscaused by the formationand substitu-

tion of teeth of the dp4 - Mi generation (greater depth
of the mandibular body). During this period dp4

completely loses several anterior plates. This ontoge-
netic stage is represented by the specimens ZIN

31278(1), 31236(1), and PIN 4531-14(photo 12:2). Insp.
PIN 4531-14 the distal part of the dpi crown persists.

The lower jaw finally acquires the proportions typical
of adult individuals. The angle betweenthe interalve-

olar crest and the horizontal plane increases, the crest

becomes more upright. The length of the crest incre-

ases together with the increasing depth of the horizon-

tal ramus. In sp. ZIN 31278(1) the length of the

interalveolar crest is 145 mm, in PIN 4531-14 it is 120
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mm. The height-to-width ratio of the mandibular

body is less than 1. The ratio between the length ofthe

symphyseal part and the horizontal ramus is 3.75 -

3.95.

The deciduous (di) and permanent
(I) tusks of M. primigenius during
early stages of formation

The morphology of the deciduous tusks (di) of the

calves of M. primigenius is regular and typical of non-

specialised incisors as found in other mammals (fig.

11). Deciduous tusks have a well-developed root with

a root cavity. The root surface is covered with cement

that tightens the attachmentof the tooth to the alveo-

lus. Thetusk head ishomologous with the toothcrown

ofother mammals, and has a regular dentalneck. The

root is curved to follow the alveolus, so that its medial

surface is convex, and its lateralsurface concave. Both

root and head are oval in cross section. According to

the position of the tusk in the alveolus, the longer
diameterappears to be vertical and the shorter hori-

zontal (fig. 11a; photo 13: 1, 5; photo 14: 1-4). Until

three to fourmonthsafter birth, theroot canal remains

open, and later fuses (fig. 11c; photo 13: 5). The root

cavity volumesreduce simultaneously at the expense

ofthe dentine filling. The replacement ofthe di by the I

is followed by resorption of the major part of the root

(fig. lid; photo 13: 6). The formation of deciduous

tusks and their substitutiontakes place during the first

postnatal year (table 4). In the mammotha deciduous

tusk has no functional load and is a completely rudi-

mentary element of the dentition.

The homology of the head of the deciduous tusk with

the tooth crown inother mammals is illustratedby its

enamel structure. Enamelcovers theentirehead of the

deciduous tusk and the basis of the tusk root. During
the first stages of its formation, cement is formed on

the surface of the deciduous tusk. To judge by its loca-

tion, the homogeneous cement layer is present on the

head and on thebasis ofthe tusk root (fig. 11 a-c; photo
13:1, 2). During the first three months after birth, the

first generation tusk head erupted from under the soft

tissues while progressively loosing its cement cover

(Vereshchagin & Tikhonov, 1990). The cement was

preserved longer on the tusk root base.

Changes in morphology connected with the stages of

tooth formation take place gradually. Some of them

are illustrated by table 4. The cement covering the

head of the tusk is lost within one month after birth.

Some lumps ofcement persist on differentparts of the

head, mainly near thebasis (table 4, ZIN 31661). Wear

of tusk head enamel is observed after the first month

following birth. Loss of cement is most probably
accounted for by mechanical load on the tusk tip, but

also by its resorption when the tusk changes its posi-
tion in the alveolus.

At the age of six to eight months the root canal fuses

and resorption of the root end begins. This process is

preceded by the reduction of the dimensions of the

root and pulp cavities of the tusk head.Sometimes the

fusion of a root canaloccurs at earlier stages when the

cement on the tusk head is still preserved (PIN 4353-

3240) (fig. lie). Immediately before replacement no

less than50% ofthe tusk root are resorbed, and an even

greater part of the enamel on thehead may be absent.

The root cavity is either completely fused, or reduced

drastically. In M. primigenius, the eruption of the tusks

of the first generation from the soft tissues may occur

at the age of one month, and their replacement at

twelve months.

There was only one deciduous tusk of.A. meridionalis

(ZIN N 25094(1)) at the author's disposal (Vereshcha-

gin, 1957). Its length is 75 mm. It is considerably grea-
ter than the first generation tusks of M. primigenius,
which are not longer than 53 mm (table 1). The length
of the di head in A. meridionalis is 20 mm; its cross sec-

tion diametersare 18x8mm. There is no cement on the

head, whereas it is present on the root basis, where it

causes a considerable thickening of this part of the

tusk. The cross sectionofthe head is almost triangular,
not oval as in M. primigenius. The enamel crests that

M. primigenius calves: a = ZIN

31372-1,Kostionki 1, Voronezh Region, 2-4 month of age, medial

surface; b = ZIN 32572(3), Kostionki 21, Voronezh Region, 6-9

month of age, lateral surface; c = ZIN 32572(6), Kostionki 21,

Voronezh Region, 11-12 month of age, lateral surface; d = PIN

4353-3240, Sevsk, Bryansk Region, ca. 6-9 months of age, medial

surface. Scale bar: 1 cm. 1 = tusk head; 2 = root; 3 = enamel

thickenings onthe edges shaping crests onthe tusk head; 4 =

longitudinal enamel folds onthe tusk neck; 7 = cement onthe

head enamel; 8 = longitudinal depression onmedial surface of the

root; 9 = damaged enamel onthe head tip.

Fig. 11. Deciduous tusks (di) of

M. primigenius kalveren: a = ZIN

31372-1,Kostionki 1, district Voronezh, leeftijd 2-4 maanden,bin-

nenzijde; b = ZIN 32572(3), Kostionki 21, district Voronezh, leef-

tijd 6-9 maanden,buitenzijde; c = ZIN 32572(6), Kostionki 21,

district Voronezh, leeftijd 11-12 maanden, buitenzijde; d = PIN

4353-3240, Sevsk, district Bryansk, leeftijd ca. 6-9 maanden,bin-

nenzijde. Maatstreep 1 cm. 1 = slagtandtop; 2 = wortel; 3 = gla-

zuurverdikkingen op de randen in de vorm vanrichels op

slagtandtop; 4 =overlangse glazuurplooien op slagtandnek; 5 =

breukvlak; 6 =

overgang wortel-nek; 7 = cement op het glazuur

aan de top; 8 = overlangse groeve aan binnenzijde van de wortel;

9 =beschadigd glazuur op slagtandtop.

Melkslagtanden (di) van
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formthe sides of the triangle are well developed. The

horizontal and vertical diametersof the head differby
more than a factor two, whereas inM. primigenius this

factor is no greater than one fourth (table 1). One

surface of the head is concave, the two others are

convex, which makes the head look spade-like. The

enamel has a relief in the shape of longitudinal folds.

Regardless ofthe lack ofcement onsurface of thehead,

thepresence of reliefon theenamel testifies to a rather

early stage of tusk formation. The root is slightly
curved. Its medial and lateral surfaces are smooth,

without such longitudinal grooves and depressions as

occur on therootof the diinM. primigenius. The root is

curved in the vertical plane only. The root canal is

open. The opening of the canal is 4 x 3 mm. Theroot is

oval in cross section. The greatest diameters are 14 x 12

mm. The widest part ofthe root isat its base, immedia-

tely behind the head.

The presence of a big root canal testifies to the incom-

plete formation of the tusk. The head of the specimen
ZIN 25097(1) has no cement and, by analogy with the

diof M. primigenius, allows the supposition that it does

not necessarily represent an early stage of formation.

The proportions ofthe headand theroot inM. primige-
nius and A. meridionalis differ: in M. primigenius the

length of the headranges from 18.5to 24.6% of the total

length, and in specimen ZIN 25097(1) up to 27%. The

ratio between the longest transverse diameter of the

root and that of the crown in M. primigenius IS

1.05-1.25, and 1.28 in A. meridionalis .

A. meridionalis and M. primigenius differ in the struc-

ture of the crown basis. In A. meridionalis it is thicke-

ned, without a developed neck, which is usually

present infirst generation tusks of M. primigenius. The

cross section of the first generation tusk head in A.

meridionalis is triangular, with one concave and two

convex surfaces. In A. meridionalis
,
the formation of

the di most probably went through similar stages as in

M. primigenius. The greater dimensionsof the di and

the different proportions of the tusk head and root in

A. meridionalis may indicate that A. meridionalis calves

were larger incomparison with thoseof M. primigenius
of similar

age.

Somepeculiar features of the formationof tusks of the

second generation (I) in M. primigenius have been

understudied until now. The material studied is a

series of specimens that represent various stages in the

formation of permanent tusks, from the replacement
of the di by the I to the eruption of the I from its

alveolus.

The specimen PIN 4353-933 is the right permanent
tusk from the skull of a mammothcalfof approxima-

tely one year of age(photo 6:2,3; table5). The tusk has

a dentine cone. Its lateral surface is slightly convex,

medially it is slightly concave. The cross section is

oval. Its position within the alveolus is such that the

greater diameteris vertical, and the smaller horizontal

inrelationto thealveolar cross section. The tusk end is

oval and gradually forms a cone. It is covered with a

discontinuouscement layer. On the tip of the tusk the

cement layer is thicker (1.5 mm) than on the lateral

surfaces (0.5 mm). The cement layer becomes thinner

from the tip towards the tusk base and covers the

entire tusk end (ca. 48 mm; the total length of the tusk

is 64 mm).

The pulp cavity is oval in cross section. Its depth is

about 43 mm (ca. 67% of the tusk length). The greatest

Fig. 12. Permanent tusks (I) of calves of (b, c, d, e, f,

g) and

M. primigenius
a = DSM 421-1, ca. 2-year-old, lateral view; b =

PIN 4531-24,Yakutia, 1.5-year-old, lateral view; c = same, ventral

view; d = same, medial view; e = PIN 4353-1008,Sevsk locality,

Bryansk region, 2- to 2.5 year-old, medial view; f = same, lateral

view; g
= PIN 4531-25, Yakutia, 2.5-year-old, medial view. Scale

bar 5 cm. 1 = ring-shapedunevenand thickened relief; 2 = cement

layer ontusk end; 3 = longitudinal troughrelief;4 =pulp cavity; 5

=

spongy bone tissue of the inner layer of alveolus preserved on

the tusk surface; 6 = flattened tusk end; 7 = additional dentine

process onthe lower surface ofthe tusk; 8 = cement; 9 =

superficial layer of the alveolar part of the tusk; 10 = longitudinal

depressions onlateral surfaces of the tusk; 11 = layer of

enamel-like substance.

E. maximus:

Fig. 12. Blijvende slagtanden(I) vankalveren vanM. primigenius

(a): a = DSM 421-1, leeftijd ca. 2 jaar,

buitenzijde; b = PIN 4531-24, Yakutië, leeftijd 1,5 jaar, buitenzijde;
c = idem, onderaanzicht; d = idem,binnenzijde; e = PIN 4353-

1008, vindplaats Sevsk, district Bryansk, leeftijd 2-2,5 jaar, binnen-

zijde; f = idem, buitenzijde; g
= PIN 4531-25, Yakutië, leeftijd 2,5

jaar, binnenzijde. Maatstreep 5 cm. 1 = ringvormige oneffen en

verdikt relief; 2 = cementlaag op het uiteinde;3 = overlangs ge-

groefdrelief; 4 =pulpholte; 5 = sponzigbeenweefsel van de bin-

nenste laag van de tandkas, achtergebleven op tandoppervlak;6 =

afgeplat tanduiteinde;7 = extra tandbeenvormingaan onderzijde;
8 = cement; 9 =oppervlakkige laag vanhet tandgedeeltebinnen

de tandkas; 10 = overlangse groeves op zijkant van de tand; 11 =

laag glazuurachtige substantie.

(b, c, d, e, f, g) en E. maximus
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diameter of the tusk is at the basal level. The greatest
diameter of the pulp cavity is 16 x 11 mm. The

thickness of the walls of the pulp cavity increases

evenly from the base to the end. At 21 mm from the

tusk end the lower surface of the tusk bears a

protrusion in the shape of a dentine denticle.

The end of the tusk lies 35 mm away from the lower

frontaledge of the maxillary. In the leftalveolus ofthe

same skull the end of the permanent tusk makes

contact with the internal surface of the end of the di

root. The depth of the alveolus is about 100 mm, the

length of the premaxillary (from the frontal edge to the

lower edge of the nasal cavity) is 151 mm. The tusk

length is 64 mm. Approximately 50% of the total

length of the premaxillary is covered by the cavernous

tissue of the rear wall of the tusk alveolus.

A comparison withmodernelephants was madeusing
the Iof a one-year-old malecalfofE. maximus, fromthe

skull of specimen DSM421-1 (fig. 12a). Many similari-

ties in the I structure of the Indian elephant and the

mammoth
may

be observed. The tusk is oval incross -

section. Its diameters are 21 and 25 mm (table 5). The

end of the tusk is cone-shaped, and oval in cross sec-

tion. The depth of the pulp cavity is ca. 61 mm, which

makes 83.5% of the total length of the tusk.

Specimen PIN 4531-24 is a right tusk of a mammoth

calf (fig. 12b-d). The tooth generation is dp3 (the last

four plates remain). The first three plates of dp4
are

slightly worn. The tip of the tusk projects 10 to 11 mm

beyond its alveolus. The larger part ofthe tusk (ca. 150

mm of its total length) is inside the alveolus. The

length of the the premaxillar bone fromthe lower edge
of the nasal cavity tothe anterioredge of thealveolusis

about 185 mm. The length of the alveolus is ca. 150

mm.

The basisof the tusk (the posterior third of its length) is

coveredwith a discontinuouslayer of cavernous bone

tissue tightly connected with the tusk surface (fig.

12:b-d). Approximately two thirds of the surface of the

tusk, also within the alveolus, are are not covered. The

cross section is ellipsoid. The tusk length from end to

base, measured along a chord, is 160 mm. Along the

convex surface it is 170mm. One fourthofthe tusk end

is considerably flattened(the diametersof thispart are

14 and 7 mm respectively). The end of the tusk is

spear-shaped, consists of three segments, and bears

traces of wear (fig. 12c, d). The central segment of the

tusk end is longer than the lateral ones.

In the specimens PIN 4353-320 and PIN 4353-1213,

which represent older individuals, the ends of the

tusks are oval and not subdivided into threesegments

(photo 14: 5-6). The ends of the tusks project from

underthe surface layer, which forms a sort ofcover. At

later stages of individual development the tusk end

remains oval in cross section and cone-shaped, and it

does not project from under the 'cover' of the surface

layer, whichis totally reduced.At this stage, the tusk is

formed exclusively of dentine.

The lower surface of specimen PIN 4531-24, like PIN

4353-933, has an additional dentineprotrusion that is

fused with it along the longitudinal axis of the tusk

(fig. 12b-d: 7). The distance betweentheendof the tusk

and the protrusion is 27 mm. The length of the protru-
sion is about30mm. The end of the tusk is not covered

with cement, but cement is present on the end of the

lateral and medial surfaces inside the alveolus.

Cementand cavernous tissue of thealveolar surface of

the tusk combine to fix the tusk in the alveolus.

Differences in the structure of the combination as

observed in different individuals indicate that these

tissues dissolve to form new structures from the

moment the eruption starts and while the tusk is

moving out of the alveolus.

The maximal diameter of specimen PIN 4531-24 is

found at the tusk base. The opening of the pulp cavity
is oval, its size is 30 x 24 mm. The depth of the pulp

cavity is about94 mm, which makes 58.7% of the tusk

length. Compared with the preceding stage, the pulp

cavity is relatively short, while the dimensionsof the

tusk are greater. In adults, and especially old individu-

als of M. primigenius, the depth of the pulp cavity is

even smaller. In large individuals, with tusks about3.5

m long (along the greater curve), the cavity may be

35-40 cm, which makes 10% of the total length

(Maschenko et ah, in press). Haynes (1992) reports
similarchanges in the depth ofpulp cavities in tusks of

L. africana.

The specimens PIN 4353-1000and -1008are damaged,
but the end parts preserved show the same structure

as in specimen PIN 4531-24 (fig. 12e, f). It is probable
that the specimens PIN 4353-1000and -1008 belong to

one individual of the same age as specimen PIN

4531-24 (over two years) (fig. llg). The medial and

lateral surfaces have a relief formed by longitudinal

depressions. The depressions are greater on the

medial than on the lateral side.

The tusk end is flattened and has a three-segmented
structure (fig. 12g: 6). As in the specimen PIN 4531-24,

the central segment is longer thanthe lateral ones. At

the medialand lateral surface of the lower segment of

PIN 4353-1000, an area covered withenamel is preser-

ved. Enamel is also present on the lateral and medial

surface ofthe three-segmented dentineendof the tusk.

The lower surface ofsp. PIN 4353-1000has an additio-

nal dentineprotrusion (fig. 12e: 7). It is 8 mm long and

aligned with the longitudinal axis of the tusk, with its

end 19 mm away from the end of the tusk.

The individualages of the specimens PIN 4531-25and

4531- 26 are most probably similarand over 2.5
years.

The diameter of the tusk and the considerable wear at

the ends (fig. 12g) are indicative of this. The greatest
diameter at the front equals one fourth of the length

(table 5). Thickening in the anterior part of the tusk is

due to theoutgrowth of the surface layer of the tusk. It

spreads inside the alveolus along its edge, so its func-

tional purpose is fastening the tusk inside thealveolus.

The diameterof the pulp cavity of
sp.

PIN 4531-25is 24
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x 25 mm. The depth of the pulp cavity is about73 mm,

which makes about34% of the tusk length. So the pulp

cavity depth is reduced after the previous formation

stage.

To sum up the morphological transformationsobser-

ved in the specimens studied, one can conclude that

they are due to stages of formationand growth of the

tusk and to the change of its position in the alveolus.

The morphology ofthe second generation tusks differs

greatly from that of non-specialised incisors of other

mammals. No root, crown or neck is formed. The

growth of the tusk is accompanied with a conti-

nuously open pulp cavity. It has not been observed

before that the end of the tusk's primordial bud has a

three-segmented structure which is lost later, after the

tusk has erupted and was started to wear. It is the

presence of enamel on the tusk end only that allows

one to speak about homology of the tusk end and the

crown of the other mammals' incisors. Various layers
observed on the tusk in the process of formation and

eruption are connected withchanges of its position in

thealveolus. These superficial layers fix the tusk inside

the alveolus, which makes them functionally

equivalent to the dentine and ligaments on the neck

and root base of non-specialised incisors of other

mammals. While the tusk moves out of the alveolus,

the fixation area moves from the end of the tusk to its

base and the superficial layers on its end lose their

function, though they remain preserved until the age

of six to seven years.
The three-segmented end and the

additional dentine protrusion on the lower surface of

the tusk in the process of formationare probably indi-

cative of the presence of several different centres of

mineralization. First generation tusks do not exhibit

such centres, not even at very early stages of the tooth

plate primordium, which was demonstrated on a

foetus of modern L. africana (Lucert, 1996).

The data of this study allows the establishment of

approximate time intervals for several formative

stages of second generation tusks inmammoth calves.

Mineralization of odontoblasts around theprimordial

cusp doesnot begin earlier than at theageof four to six

months. Betweenthe sixth and the twelfthmonth, the

first as well as the second tusk generation are

simultaneously present in the alveolus. Complete

eruption of the permanent tusk doesnot occur earlier

than at the age of twelve months, but most probably
betweenone and two years. Beforeeruption theendof

the tusk iscovered bya cement layer. By the
age

oftwo

years
the cement is covered by a superficial layer that

most probably consists of mineralized ligaments that

fasten the tusk to the alveolus.

At the age
of one and a half to two years the tusk end

structure preserves traces of three longitudinal
dentine denticles. Besides these, the lower surface of

the tusk has an additional dentine segment which is

fused with the tusk surface. By four to six
years the

tuskend loses its flattened shape andthree-segmented

structure in the course of wear, its cross section beco-

mes oval and the endofthe tusk acquires the shape of a

cone. Simultaneously, the superficial layer on the tusk

end is lost and tusk morphology by this timedoes not

differfrom thatof adult individuals. During the most

intensive formative period (one to two years) the pulp

cavity length makes up no less than 70% of the total

length ofthe tusk. By two and a half to three years it is

no more than 35-40%.

In M. primigenius the root of the di during the final

stages of its existence has immediatecontact with the

end of the second generation tusk. Within the

alveolus, the latter is situated on the medial side of the

di.

The first generation tooth (dp2)
In M. primigenius, dp2 usually consists of five plates

(dp2 of four to five plates) and is longer and wider than

the dp2 (tables 6, 7; fig. 13). Before their formation is

completed, the plates are composed of vertical enamel

columns. These fuse frombase to top in the process of

plate formation (fig. 14a, d, e; photo 15: 1-3). The

numberof the columns in a dp2 plate is usually greater
than in a dp2 plate. The mineralizationof the plate
columns in dp2 of the mammoth foetus ZIN 34416 is

incomplete, and the crown base is not formed comple-

tely (photo 1). The columnsare separated frombase to

top and form an irregular group, not lined up along
the transverse axis of the crown. First the bases of the

columnsof onerow fuse, and later, when the plates are

Fig. 13. Dimensions of dp2 in calves of M. primigenius. Vertical

scale: crown length (mm); horizontal scale: individual age

(weeks). Horizontal hatched line divides dimensional areas of up-

per and lower dp2; ∆ = dp²; □ = dp2; + = dp², Sevsk locality,

Bryansk region; o = dp2, Sevsk locality, Bryansk region. 1 = ZIN

34421; 2 = ZIN 28392-4; 3 = ZIN 34419-25;4 = ZIN 29843; 5 = ZIN

34419-31;6 = ZIN 29842; 7 = PIN 4353-2615; 8 = 4353-2614;9 = ZIN

31517-1; 10 = ZIN 34419-29; 11 = ZIN 28392-1; 12 = ZIN 32572-9; 13

= ZIN 34416; 14 = ZIN 31836-1; 15 = ZIN 31517-1; 16 = ZIN

31541-13; 17 = ZIN 29070; 18 = ZIN 29841-255; 19 = ZIN 32572-7;

20 = ZIN 30932

Afmetingen van boven- en onderkaaks-dp2 M. primigeniuskalve-

ren. Verticaal: kroonlengte (in mm); horizontaal: individuele leef-

tijd (in weken). Horizontale stippellijn scheidt boven- en

onderkiezen; A = dp²; □ = dp2; + = dp², vindplaatsSevsk; O = dp2,

vindplaats Sevsk. Voor de nummers, zie Engelstalig onderschrift
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almost formed, the bases of the plates fuse and the

bases of crown and roots are formed (ZIN 31661).

In the process
of crown formation the number of

enamelcolumnsin the plate becomes greater and their

transverse diameter diminishes (ZIN 28392(1),

34419(29) (fig. 14; photo 15: 1-3). The height of the

plates in the process of formation varies insignifi-

cantly. The plates become transversely orientatedwith

respect to the longitudinal axis of the crown. A

tripartite division (one medialand two lateral parts) -

as it is found in the completely formed plates of later

tooth generations (Garutt & Foronova, 1976) - is not

observed once the plates have been formed. The

enamel thickness of the first generation teeth varies

between 0.5 and 0.8 mm (table 7).

All crown plates are formed simultaneously, accom-

panied by cement formation.Cement is formedon the

base of the crown and fills in the interplate gaps.

Cement formationbegins simultaneously at the crown

surface and the root bases. Crown wear begins before

the cement formation is completed (PIN 4353-2614,

ZIN 30932) (fig. 14a, b; photo 15: 4, 5). There are no

significant differences in the formationbetweenupper

and lower dp2, however, the speed of formation is

higher in dp2 than in dp2.

The teeth in the upper jaw have two or three roots,

those in the lower jaw two or one. Before the crown

formation is completed, the root canal remains open.
Later it closes and the root cavity is greatly reduced.

Before tooth substitution takes place, the roots are

resorbed and their length is reduced by 50-60% (fig.
14c; photo 15: 6-7).

The dp2 materialstudiedallows a reconstructionofthe

process of formation of the crown, from the last

prenatal stage to eleven and twelve months of post-
natal ontogenesis. The specimens ZIN 34416, ZIN

28392(1) (photo 15:1); ZIN 34419(29) (photo 15: 2, 3),
and ZIN 31661 represent the final stage of prenatal

development. At this stage dp 2 have not been formed

completely, have not erupted, have no roots, and lack

cement. The crown bases are much wider than the

crown top. The tooth ZIN 34416is the least formed. Its

plates are narrow in comparison with the crown base.

They are composed of vertical columns of enamel

fused only at the bases. The columns are densely

packed. A plate comprises five to six columns only, not

seven to ten as in dp2 of later ontogenetic stages. Eales

(1926) indicates that a foetusof L. africana of the begin-

ning of the second year
of gestation has more disper-

sed enamelsegments and that the numberof segments
in a plate may be three to four.

The specimens ZIN 28392(1), 34419(29), and 31661

evidently represent later ontogenetic stages, viz. a

foetus in the end of the prenatal period or a newborn

calf. The crown comprises five plates and is not in

wear. The medialend iswider thanthe distalend. The

base of the anterior plate is situated higher than the

bases of the other plates. The enamel segments are

transversely aligned with respect to the longitudinal

axis of the crown. Each plate consists of four to five

segments. The segments are fused completely, only
their tops are slightly separated. The plates are rather

tightly grouped and the crowns look much more

condensed than in ZIN 34416. The specimens ZIN

28392(1) and 34419(29) have three root bases with

spacious root cavities and thin walls.

During this postnatal period plate formationfinishes,

and cement formation begins. Crown wear begins

approximately at one month(cement formationis still

in progress). The dp2 crowns are usually larger than

during the preceding prenatal stage. In particular the

height of the crown is greater (tables 6 and 7). The

specimens ZIN 32572(9) and PIN 4353-2614 represent

dp2 of newborncalves, the latter from a calf skull from

Sevsk (photo 15:4). At this stage dp2
emerges from the

soft tissues of the gum, but is not yet in wear. Cement

begins to form between the plate bases. The three

calves: a = ZIN 32572-8,

Kostionki 21, Voronezh region, dp²,

1-2 months of age, upper

view; b = same, side view; c = ZIN 34420-2, Kostionki 19,

Voronezh region, dp2, 10-16 months of age, side view; d = ZIN

34421, Kostionki 19, Voronezh region, dp2, newborn, side view; e

= same, bottom view. 1 = crown; 2 = root; 3 = root canal opening;
4 = cement onroot base; 5 = cement between plates; 6 = worn

plate; 7 = worn crown with bases of three posterior plates; 8 = root

base; 9 = enamel column affected by resorption. Scale bar 1 cm (a,

b) and 2 cm (c, d, e).

Fig. 14. Structure of dp2 of M. primigenius

Structuur van eeneerste generatie kies (dp2) vanM. primigenius
kalveren: a = ZIN 32572-8,Kostionki 21, district Voronezh, dp²,

leeftijd 1-2 maanden,bovenaanzicht; b = idem,zijaanzicht; c =

ZIN 34420-2, Kostionki 19, district Voronezh, dp2, leeftijd 10-16

maanden, zijaanzicht; d = ZIN 34421, Kostionki 19, district Voro-

nezh, dp2, pasgeboren, zijaanzicht; e = idem, onderaanzicht. 1 =

kroon; 2 = wortel; 3 = wortelkanaalopening; 4 = cement op wortel-

basis; 5 = cement tussen de platen; 6 =afgesleten plaat; 7 = afge-
sleten kroon met bases van drie achterste platen; 8 = wortelbasis; 9

= door resorptie aangetaste glazuurkolom. Maatstreep 1 cm (a, b)
en 2 cm (c, d, e).
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widest plates in themiddlehaveeleven cusps each, the

narrow anterior and posterior plates have seven

cusps.

The specimens ZIN 32572(8) and 29841(255) (fig. 14a,

b) represent dp2 with two anterior plates in wear

(approximately two months). All plates are transver-

sely situated with respect to the longitudinal axis of

the crown. Cementfills inthe interplate gapsbut does

not spread on the masticatory surface. In sp. ZIN

32572(8) the fragment of the rootbase has a small root

cavity, which suggests that the root canals were open

(fig. 14b: 3). Crown and root base are covered with a

thin layer of cement. To judge by the distributionof

cement it is first formed on the crown base and then

fills in the interplate gaps.

By approximately the middleof the first postnatal year
all dp2 plates are in wear and the crown is completely
covered with cement. This ontogenetic period is

illustrated by the specimens ZIN 30932 (photo 15: 5)
and ZIN 32572(7), whose individualages are four to

eight months. In the dp3 of sp. ZIN 30932 two anterior

plates are in wear. Patches ofcementare preserved on

the roots. The root canals, however, are less openthan

at the previous stage. To judge by an X-ray photo of a

mammoth calf from the Magadan region (ZIN C

70188), and by the wearstage of the dp2, its individual

age is seven to eight months.

At theendof the firstpostnatal year resorption ofroots

takes place (sp. ZIN 31541(13); photo 15: 7). The dp2

crown loses its parts in theprocess ofsubstitution. The

posterior part of the crown and the posterior root

remain functional longer (ZIN 29070; 31541(13); photo

15:7; ZIN31771; photo 5:1). By that timethe distalpart
of the crown is obliterated (PIN 4353-933; photo 6: 2).

Peculiaritiesof the dp2 crown and root formationnear

the end of the prenatal period and during the first

postnatal year include the finalbifurcation of theroot

(fig. 14d). In comparison with those of dp2
,

the dp2

plates consist ofa smallernumberofenamel columns.

In theprocess ofplate formation, oneto two additional

columnsemerge. It is possible that the eruption of dp2
takes place somewhat laterthanthatof dp2

,
inasmuch

as dp2 and dp2 of the skull and lower jaw of theSevsk

mammoth calf PIN 4353-2615 slightly differ in the

degree of formation. The data on dp2 are given in

tables 6 and 7 and illustrated by fig. 13. As in dp2
,

the

dimensionsof the dp2 crown do not depend directly
on individual age. In comparison with dp2

,
the dp2

crown is relatively shorter: the length of dp2 is not

greater than (sometimes equal to) the length of dp 2

(fig. 13).

In the end of the prenatal and at an early postnatal

stage (newborn calves), the segments that composethe

dp2 plates are grouped more closely than those in dp2

at the same stage of individual development (ZIN

28392(4); ZIN 29843; ZIN 34421, photo 16: 1-2; ZIN

34419(3); photo 16: 3-4). In sp. ZIN 34421 (fig. 14d, e)

the top of the largest segment is destroyed by resorp-

tion. To judge by the preserved part of the root, the

root cavity was rather spacious and the root walls

were thin, ca. 1 mm (fig. 14d: 3). In the specimens ZIN

28392(4) and 29843 the crowns evidently had emerged

into the soft tissues of the gum.
Both dp2 have two

roots. Theanteriorroot is curved forward (fig. 9; photo

8:1-2). Its length is about 14 mm (ZIN 28392(4)). The

root canal is closed. The beginning of the cement

formation on dp2 coincides with the beginning of the

postnatal stage (PIN 4353-933; photo 6: 2).

The substitution of dp3 for dp2 in mammoths is

completed by the tenth to fourteenth month,
somewhat later than the dp3 for dp2 substitution.

Specimen ZIN 31836(1) illustrates that the subsitution

of dp3 for dp2 could have been retarded (photo 12:1).
The base of the distal part of the dp2 crown persists in

this specimen. Theroot canal is closed and, to judgeby
the partof theroot thathas emerged fromthe alveolus,

is partly resorbed. To judge by the wear stage of dp3
and dp4, the individualageof the animal was two and

a half years or more. However, this case of retardation

is not typical of M. primigenius.

The second generation tooth (dp3)
The dp3 crown usually consists of eight plates, someti-

mes of seven (tables 8, 9). The dp3 consists of eight to

nine plates, occasionally of seven (ZIN 25860(1),

34419(27); tables 9,10). The dimensionsofdp3 and dp3
crowns are given in fig. 15. This diagram suggests a

lack of correlationbetweenthe crown dimensions and

the position of dp3 in either upper or lower jaw. The

basis of the first plate is situated considerably above

Fig. 15. Dimensions of dp³ and dp3 of M. primigenius calves from

Central Russia and the Urals. Vertical scale: crown length (mm);
horizontal scale: crown width; •- dp³; □ - dp3. 1. ZIN field mark:

Kostionki 1, 1994; 2. ZIN 25550-1; 3. ZIN 25860-1; 4. ZIN 28284-1;

5. ZIN 30924; 6. ZIN 29875; 7. PIN 4353-933; 8. ZIN 30934;9. ZIN

30928; 10. ZIN 30927-1; 11. ZIN 29070; 12. ZIN 31540-21; 13. ZIN

30932-1; 14. ZIN 30925; 15. ZIN 30926-1; 16. ZIN 29880; 17. ZIN

31773; 18. ZIN 31771-1; 19. ZIN field mark: Bliznetsov Cave 1968

D/1, 2; 20. ZIN 34419-27; 21. ZIN field mark: Bliznetsov Cave 1968

D/1.

Afmetingen van dp³ en dp3 vanM. primigenius kalveren uit Cen-

traal Rusland en de Oeral. Verticaal: kroonlengte (in mm); hori-

zontaal: kroonbreedte (in mm). • = dp³; □ = dp3. Voor de

nummers, zie Engelstalig onderschrift.
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the basal level of the subsequent plates. The last plate

equals the first one in height. However, itsbasis is situ-

ated much below the level of the preceding plates (fig.

16a, b; photo 17:1, 5). The plates consist of numerous

enamel columns that fuse when the process of plate
formation is completed. During the early stages the

plates two to seven are subdivided into three lobes -

one medianand two lateral -
which has been notedby

other authors describing the formation process of the

teeth of M. primigenius (Garutt & Foronova, 1976).
Whenwear begins, the occlusal surface displays wear

figures in the shape of a complete enamel loop (fig.

16a, b; photo 17:1, 5). The enamel thickness is 0.6 -1

mm (tables 8, 9).

From dp3 onward, tooth formationin M. primigenius

radically differs fromthe formationof dp2. Plates and

crown cement are formed in sequence,
first in theante-

rior, then in the posterior part of the crown. Cement

fills in the interplate gaps and covers the crown base

and roots with a thin layer (fig. 16). Cementbegins to

develop on the top of the anteriormost plate and

toward the crown basis, then theprocess repeats itself

on the next plates. After a plate has been covered by
cement from top to basis, it fills in the interplate gaps

and covers the lateral surface of the crown, as may be

observed in specimen ZIN 30932(1), which represents

dp2 in the process of formation (photo 15: 5).

By the time all plates have completely been formed,

cement covers two to five anterior plates and the

crown begins to wear. Roots function in the same

sequence. When the anterior is being resorbed, the

posterior one is still functional.

The dp3 always has well-developed anterior and

posterior roots, with one to three smaller roots in

between. The intermediate roots may form an

irregular group or a row at square angles to the

longitudinal axis of the crown (ZIN 30926(1)). The

anterior root is situated under the base of the plates

one to three. The intermediate roots are under the

fourth plate (sometimes under the plates four or five).
The posterior root is situated under the bases of the

posteriormost three to four plates. The dp3 always has

two roots. The root canals of a completely formed

toothare filledwith dentineand closed, the root cavi-

ties absent or small. The root openings close first in the

anterior root, then in the posterior ones. The roots are

formedfollowing the completion ofthemineralization

of all crown plates. The formation coincides with the

fusion of the plate bases. The dimensions of a root

canal and a root cavity are the direct indication of

metabolism intensity.

The material studied allows the conclusion that the

dp3 eruption inM. primigenius occurred earlier thanin

modern E. maximus. The beginning of wear of dp3 in

M. primigenius took place at the age of four to five

months, and its substitution by dp4 most probably at

two to two and ahalf years, inany casenot later than at

three years (ZIN 30925, 31771(1), 31837) (photo 7:1).

In the dp3 of a mammothcalf from theKirgiliakh river

in Magadan region (ZIN 70188), the plates one to four

are in wear (Vereshchagin, 1981). Pollen from the

stratum that embedded the frozen carcass indicated

that the animal died in late autumn. Mammothcalves

were born in spring or early summer, so that the

biological age of this individual was no greater than

eight months. To judge by its rather small dimensions

it was probably six to seven months old. A one-

year-old mammoth calf from Sevsk (PIN 4353-211 to

-217, -507, -570 to -573, -709 to -716, -810, -817, -873 to

-880, -884 to -887, -894 to -899, -900 to -907, -922 to -965)
does not differ much from the Kirgiliakh calf in its

dimensions (Maschenko, 1992). In the mammothcalf

from Sevsk, the dp3 is functional (all plates in wear).
The dp4 of this specimen has a completely formed

anterior part and is ready for eruption (photo 6: 2).

The specimens ZIN29070 and 30932(1) belong to four-

to eight-months-old calves and show dp3 in the course

of formation in the middleof the first postnatal year.

The specimen ZIN 30932(1) comprises eight plates.
The two anterior plates are completely covered with

cement. The third plate is covered withcement for up

to three quarters of its height, the fourth one only in its

upperthird, the fifthin theupper quarter. Only the top
of the sixth plate is covered with cement, and there is

no cement on the seventh and eighth plates. After the

cement has covered a plate from top to base, cement

formation is continued in interplate gaps and on

lateral surfaces of the crown. Two anteriorplates are in

wear and the proximal end of the crown is still within

the alveolus. At least three root bases with thin root

walls are preserved.

M. primigenius calves: a = ZIN

30926-1, Kostionki 1, Voronezh region, dp³, ca. 1-year-old, side

view; b = ZIN 25860-1, Kostionki 19, Voronezh region, dp3, ca. 4

months of age, side view. Scale bar: 2 cm. 1 = talon; 2 = cement on

root base; 3 = cement oncrown plates; 4 = anterior plate touched

by wear; 5 = part of plate uncovered by cement; 6 = posterior plate

and talon covered with cement only ontop; 7 = interplate gap.

Fig. 16. Structure of dp³ and dp3 of

kalveren: a =

ZIN 30926-1, Kostionki 1, district Voronezh, leeftijd ca. 1 jaar, zij-

aanzicht; b = ZIN 25860-1, Kostionki 19, district Voronezh, leeftijd

ca. 4 maanden, zijaanzicht. Maatstreep 2 cm. 1 = talon; 2 = cement

op wortelbasis; 3 = cement op kroonplaten; 4 = voorste plaat aan-

getast door slijtage; 5 = niet door cement bedekt deel van de plaat;
6 = achterste plaat en talon alleen aantop bedekt door cement; 7 =

ruimte tussen de platen.

Structuur van dp³ (a) en dp3 (b) vanM. primigenius
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By theend of the first postnatal year, cement formation

on the crown of dp3 stops. At this time, six anterior

plates are in wear. This is illustratedby the specimens
ZIN 31771(1) (photo 5) and ZIN 34321 (photo 17: 1),
which represent calves aged ten to eleven months.The

canals of the anterior and medial roots have become

narrow. The opening of the canal of the posterior root

is large, and the root walls are relatively thin. This

structure reflects the gradual formationof the crown.

A closed or narrowedcanal is indicative of the absence

of live pulp in the root cavity and of the end of the

formation of the anterior part of the crown.

The beginning of the second
year

ofpostnatal develop-
ment is illustrated by the dp3 series PIN 4353-933

(photo 6: 2), ZIN 30929(1) (photo 17: 2-3), and ZIN

31689, 30926(1), and 28284. These belong to calves

aged eleven to fourteenmonths.By this time the tooth

has formed completely, and all plates are in wear. The

dp3 specimens differ in the degree to which their

crowns are worn. ZIN 31689 and PIN 4353-933, of

individuals aged eleven to twelve months, are the least

worn. ZIN 30929(1) and ZIN 30926(1), of individuals

aged twelve to fourteen(?) months, the most. Substitu-

tion of dp3 for dp2 takes place at this time. In sp. ZIN

31689 the dp2 crown is worn to the base and almost

shed; in sp. PIN 4353-933 it is already gone. In the

specimens ZIN 30926(1) and 30929(1) the anteriorroot

is still present under the first three plates, and the

posterior root under three to four of the hindmost

plates. One to three smaller medial roots are situated

under the plates four to five. The medial roots may

either form irregular groupsorbe aligned transversely
to the longitudinal axis of the crown (fig. 16a). All root

canals but thatof the posterior root are closed at this

stage.

The next stage is represented by the specimens ZIN

29880 (photo 17: 4), ZIN 30981(1), 30934, 31540(21),

31772(2) (photo 7:1), ZIN 30925,31773, and ZIN 31837

(photo 7: 2). These belong to mammothcalves aged

one and a half or two years up to three years. The dp3

crown is heavily worn, and the bases of three to six

posterior plates persist. At this stage dp4 begins to

wear. The number of anterior plates in wear varies

betweenone to two (as in ZIN 30928(1) and 30934) and

five to six (as in ZIN 30925, 31773, and 31837). This

wear stage immediately precedes substitution of dp4

for dp3
.

All root canals, including the posterior root,

are closed, the rootcavity is small, if preserved and not

filled with dentine. This is direct evidence of the

absence ofpulp and theendofthe tooth's functioning.

In modern E. maximus, dp3 is functional at the
age

of

three to five years. The crown preserves fromthree to

five plates until theageof fiveyears (Roth & Shoshani,

1988). InL. africana dp3 erupts during the first weeks of

lifeand is functionaluntil the
age

of four to five
years

(Sikes, 1966). This data demonstrates that the dp3 of

the mammoth erupted and was substituted earlier

than in the calves of modern Indian and African

elephants, but its functionality lasted about half as

long as in these species.

The formation of the crown and roots of dp3 takes

place in the same sequence as in dp3 and is illustrated

by sp. ZIN25860(1), whose individualage is four to six

months(fig. 16b:4). The dimensionsofthe teeth of this

generation are represented in tables 9 and 10 and

illustrated with a diagram (fig. 15). The crown is

usually covered with cement before two posterior

plates are in wear: ZIN 28284(1) (photo 17:5); ZINfield

mark: Bliznetsov Cave, 1968, E/l, 2; ZIN field mark:

Bliznetsov Cave, 1968, D/l. Wear of dp4 evidently
takes place at the age of 16-20 months, when dp3 is in

wear and its anterior plate is worn down: ZIN

34419(17), ZIN field mark: Kostionki 1,1994 (photo 10:

2), ZIN 29875, 30924(1), 30927(1).

In some specimens deformation of enamel loops of

two anteriorplates is observed, as in ZIN34427, whose

individual age
is eight to eleven months (photo 9: 4).

On the whole, deformationof anterior plates is more

typical of the dp4 -
M3 generations and is caused by

pressure of the anterior edge of the following tooth

crown on the posterior end of the preceding one. This

phenomenon was observed both in extinct and

modern elephants (Sher & Garutt, 1995; Roth, 1989,

1992).

The substitution of dp3 for dp4 was preceded by the

loss of the anterior part of the crown and a considera-

ble resorption of the posterior roots. In specimen ZIN

31836(1), the complete lower jaw bears three tooth

generations: dp2, dp3, and dp4. These teethweresimul-

taneously functional. In dp2 theposterior rootand the

basal part of the distaledge of the crown are present.
The dp3 crown is hardly worn: only the bases of three

posterior plates and the posterior root remain. In dp4,
seven anterior plates are in wear. This stage very

Fig. 17. Dimensions of dp4 and dp4 ofM. primigenius calves from

Kostionki locality, Voronezh region. Vertical scale: crown length;
horizontal scale: crown width; • = dp4

; □ = dp4. 1. ZIN 31252; 2.

ZIN 30937; 3. 31773; 4. ZIN 31772; 5. ZIN 31837-1;6. ZIN 31836-1;

7. ZIN 31278-1; 8. ZIN 28284-2; 9. ZIN 31250; 10. ZIN 30936; 11.

ZIN 28284-2; 12. ZIN 30947.

Afmetingenvan derde generatie kiezen (dp4
en dp4) vanM. primi-

geniuskalveren uit de vindplaatsKostionki, district Voronezh.

Verticaal: kroonlengte; horizontaal: kroonbreedte. •
= dp4

;
□ =

dp4. Voor nummers, zie Engelstalig onderschrift.
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probably corresponds to an individual age of at least

two and a half to three years.
This specimen is an

example of extremely prolonged functioning of dp2
and dp3.

The third generation tooth (dp4)
In M. primigenius thereare no differences in the forma-

tionofdp4 and dp3 (the crown ofdp4 isformedgradu-

ally in medio-distal direction). The morphological
differences between the tooth generations dp3 and

dp4, as well as between the generations dp4 and

M1-M3, are expressed in terms of a greater numberof

plates and a longer period of crown formation for

every following generation. The dp4 of M. primigenius
consists of eleven to thirteen plates. The basis of the

first plate is situated above and the basis of the poste-
rior plate below the level of the intermediate plates.
Theenamelthickness ranges from0.9 to 1.3mm (tables
11 and 12). The dimensions of the upper and lower

teeth are represented in a diagram (fig. 17).

When the individualhas reached theageof two to two

and a half
years, wear starts indp4

,
and somewhat later

in dp4. The lower jaw specimen ZIN 30937 bears a dp4
with eleven plates preserved, all of which are in wear.

The plates 1 and 2 have been worn downcompletely.
Mi of the same specimen has only two plates touched

by wear. In dp4 the opening oftheanterior root canal is

closed. The root cavity of the posterior root is narrow

and represents not more than 5% of the root volume.

The rest of the root volumeconsists of very thick root

walls. The individual age of specimen ZIN 30937 is

over five years.

The long limb bones

Skeletons of mammoth calves from Sevsk provided a

first opportunity in the history of M. primigenius
studies to investigate the formation and growth of

long bones. Almost complete and well-preserved
skeletons of a newborn calf and individuals aged one

year, three to four, and six to seven years made it

possible to subdivide the sample into age groups.
These are based upon shaft dimensions (length and

transverse diameters) and formation stages observed

in shaft and epiphyseal ossification centres. This new

data supports earlierobservations, according to which

two types ofgrowth zones were functional in the shaft

extremities during early ontogenetic stages in

mammoths as well as in modern elephants. The

growth zones withossification centres surrounded by

cartilage were functional until the age of six to seven

years, after which the growth zones remained

between completely ossified epiphyses. The forma-

tion process of shaft and epiphyses suggests the

existence of multiple primordial ossification centres in

both shaft and epiphyses of the long bones. The speed

Fig. 18. Dimensions ofhumerus and ulna (mm) of M. primigenius
calves: a = medio-lateral diameter of distal shaft end ofthe

humerus dependingonindividual age (specimen numbers as in

table 13); b = medio-lateral diameter ofproximal end ofulna

depending on individual age (specimen numbers as in table 14).

Maten van opperarm enellepijp (in mm) van M. primigenius kal-

verennaar leeftijd, a = midden- zij-middellijn door onderste uit-

einde van de opperarm (exemplaarnummers in tabel 13); b =

midden- zij-middellijn door bovenste uiteinde vanellepijp (exem-

plaarnummers in tabel 14).

Fig. 19. Dimensions of femur and tibia (mm) of M. primigenius
calves from Central Russia and Siberia: a = greatest length of the

shaft (vertical scale) and medio-lateral diameter of distal end of

the femur (horizontal scale), specimen numbers as in Table 16; b =

greatest length of the shaft (vertical scale) and medio-lateral

diameter of proximal end of tibia (horizontal scale), specimen
numbers as in table 17.

Maten van dijbeen en scheenbeen (mm) vanM. primigenius kalve-

ren uit Centraal Rusland en Siberië: a = grootste lengte schacht

(vertikaal) en midden-zij-middellijn van onderuiteinde vanhet

dijbeen(horizontaal), exemplaarnummers in tabel 16; b = grootste

lengte schacht (vertikaal) en midden-zij-middellijn vanboven-

uiteinde vanhet scheenbeen (horizontaal), exemplaarnummers in

tabel 17.
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of ossification is higher in shafts than in epiphyses. All

main transformations of the proportions of the long
bones in M. primigenius are expressed in terms of a

relative reductionofepiphyseal lengths in comparison
with shaft lengths, and of a relative reduction of

transverse diameters of shafts in comparison with

their lengths.
The dimensionsof the long bonesof the legs are given
in tables 13-17and illustratedby diagrams (figs. 18and

19).

The humerus

The dimensions of the humerus in relation to

individual age are shown in a diagram (fig. 18a) and

table 13. It is demonstrated there that mammoth

foetuses near the end of the prenatal period are very

variable, probably because of individualpeculiarities
and a relatively high speed of growth.

At early ontogenetic stages (until six to seven years

after birth), the humerus comprises a shaft and

non-fused proximal and distal epiphyses. In their

turn, the epiphyses comprise two ossification centres

each. In the course of ontogenesis -
and

simultaneously with the overall growth of shaft and

epiphyses - these centres fuse with each other. The

fusion of the epiphyses follows later. The head of the

humerus-to-be ossifies before birth, whereas the

smaller (lateral) centre does so later. The ossification

centres of the proximal epiphysis are situated within

the growth zone of cartilage and are separated from

the proximal surface of the shaft. The distal epiphysis
ofthe humerusalso comprises two ossificationcentres

(lateral and medial) which on average are ossified

simultaneously. The centres lie within the cartilage of

the distal growth zone and are primordial lateral and

medial condyls. It is possible that the larger (medial)

centreof the distal epiphysis is ossified before birth.

Neartheendofthe prenatal period and during the first

postnatal years an additionalnutritive opening exists

besides the permanent ones at the proximal and distal

extremities of the shaft as well as in its middle. The

compact layer in the middle part of the shaft has

already formed by theend of the prenatal ontogenesis.
It is thinner at the ends of the shaft and its formation

process goes on during the first postnatal year.

The specimens ZIN 32572(1) (photo 18: 2), ZIN

31744(1), 31740(1) (photo 8: 1), and ZIN 34386(2)

(photo 18: 3) exemplify the prenatal period from the

beginning of the second prenatal year to the age of

15-18(?) months. The shaft of the humerus shows

reliefs for the insertionof the large muscles (tuberosi-
tas deltoidea, crista epicondyli lateralis) and, on the

posterior surface, the crests of the lateral and medial

epicondyles and the depression between them. The

fossa olecrani has not yet formed. The materia

compacta is very thin. It becomes noticeably thicker

near the end of the prenatal ontogenesis, when the

numberof nutritive foramina in the growth zones at

the shaft extremities becomes significantly smaller, as

in the foetal specimen IAE Sh-77 4c, whose stage of

development indicatesthe20th or 21stmonth of gesta-

tion(fig. 20a: 3). The permanent nutritive foramen (4 x

2 mm) is present inall age groups (fig. 20b: 2). A large

nutritive foramen(lxl mm) is situated on the lateral

surface, 28 mm away from the proximal edge of the

shaft.

New elements appear in the surface relief of the

humerus: an about 2.5 mm deep depression in the

intertubercular groove (fig. 20b: 12) and in the fossa

olecrani on the posterior surface ofthe distal endof the

shaft (fig. 20a: 4). The materia compacta reaches a

thickness of about 1.5 mm. Its surface relief in the

middle part ofthe shaft shows vertical lineswhich are

oriented along the longitudinal axis of the shaft. This

kind of microrelief isabsent in specimens that relate to

the postnatal period.

The distal part of the shaft becomes narrower fromthe

level of the lateral ectocondyl, and its antero-medial

diameter becomes greater than the shaft width. The

Fig. 20. Right humerus of an incomplete skeleton of a M.

primigenius foetus during last prenatal stage (ca. 20-21 months of

pregnancy), field mark IAE Sh-77 4c, Shestakovo locality, Chebula

district, Kemerovo region, a = posterior surface; b = anterior

surface. Scale bar: 5 cm. 1 = damaged areas of the shaft; 2 = nutri-

tive foramen; 3 = small nutritive foramina of the proximal shaft

end; 4 = olecraneal groove; 5 = lateral epicondyle; 6 = medial

epicondyle; 7 = delta-shapedcrest (crista tuberculi majoris); 8 =

crest of lateral epicondyle; 9 = smaller tubercle; 10 = deltoid tube-

rosity; 11 = greater tubercle; 12 = intertubercular groove; 13 =

tuber localized in proximal part of lateral epicondyle.

Rechter opperarm vaneenonvolledig skelet van eenM. primigeni-
us foetus gedurendelaatste prenatale stadium (ca. 20-21 maanden

dracht), veldnummer IAE Sh-77 4c, vindplaats Shestakovo, dis-

trict Chebula, regio Kemerovo. a =achterzijde; b = voorzijde.

Maatstreep 5 cm. 1 =beschadigde delen van de schacht; 2 = voe-

dingskanaal; 3 = kleine voedingskanalenin bovenuiteinde

schacht; 4 =

groeve voor olecranon; 5 = buitenste epicondyl; 6 =

binnenste epicondyl; 7 = delta-vormige kam; 8 = kam op buitenste

epicondyl; 9 = kleine tuberculum;10 = delta-vormig ruw gebied;
11 = grote tuberculum; 12 =

groeve tussen de tuberculi; 13 = knob-

bel op bovenste deel van buitenste epicondyl.
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shaft is twisted by ca. 80° (fig. 20b). The change of

proportions is accounted for by the position of the

tubercle in the proximal part of the lateral epicondyl,

which is closer to the end of the shaft than in the post-
natal period, and the relatively higher position of the

narrowest part of the shaft (the area where the lateral

epicondylar crest ends), so far as this part is situated

much lower in the postnatal period. Some zones of the

crest of the greater tubercle have an uneven relief. The

deltoidtuberosity originates from theapex of the crest

of the greater tubercle and spreads onto the anterior

shaft surface, whereas the crest itself extends onto the

lateral surface (fig. 20b: 10). The lower edges of the

lateraland medialepicondyles are situated at different

levels (the formeris always lower), as in the postnatal

period.

At the beginning of the postnatal ontogenesis the ossi-

fication centres of the shaft are already formed, as in

ZIN 31744(1), 20564(54), 34419(17) (photo 18: 4), and

PIN 4353-2658, which belongs to a newborn calf skele-

ton fromSevsk (photo 18:6;photo 19:1,5). In thedistal

epiphysis of specimen PIN 4353-2658, the larger

(lateral) as well as the smaller (medial) centre are

ossified. Their measurements are 49 x 36 and 33 x 24

mm respectively. The height at the lateral edge of the

larger centre is 27 mm (photo 19: 1-3). The lateral

centre is sub-rectangular, the medial one is oval. The

centre surfaces that face the articular surface of the

ulna are convex and possess a thin layer of materia

compacta. The other surfaces lack materia compacta
and show a relief thatsuggests the former

presence
of

cartilaginous tissue between the surfaces. The centres

are not fusedwith the shaft and remainembedded in

the cartilage of the growth zone. In sp. ZIN C 70188, a

M. primigenius calf from the Magadan region, the

thickness of the cartilaginous layer between the

epiphyseal ossification centres and the distal surface

of the shaft reaches 12 mm (Vereshchagin, 1981). In a

two-months-old calf of E. maximus (PIN 4353-264) the

thickness of this layer is the same.

The distal surface of the shaft shows a relief formed in

contact with the cartilage of the growth zone (PIN

4353-2658). It is eight-shaped in cross section, and is

medially significantly more widened than laterally

(photo 19: 1). The shortest medio-lateral diameter of

the distal surface is 22 mm. The materia compacta is

evenly developed over almost theentireshaft surface,

and becomes noticeably thinner only along the distal

end of the shaft. The cubital fossa (34 x 20 mm) is

clearly outlined.

The proximal surface of the shaft has a lateral and a

medial part, separated by the intertubercular sulcus.

The lateralpart has a big tuber in its base. The medial

part is situated under the humeralhead. The latter is

oval (56 x 48 mm, height 33 mm) (photo 19: 5). The

convex proximal surface of the head is covered with

materiacompacta, the less convex surface, which faces

the shaft, lacks materia compacta. The relief of the

entire head suggests formation in contact with the

cartilage of the growth zone.

At the end of the first postnatal year
the shape of the

distal end of the shaft changes: the major tuber beco-

mes greaterand the lateralepicondylar crest meets the

shaft at an angle of 70°, as in sp. PIN 4353-713, which

belongs to a one-year-old calf skeleton from Sevsk

(photo 19: 2, 6; photo 21:1). In sp. PIN 4353-2658 this

angle is about 50°. The part of the shaft with the smal-

lest medio-lateraldiameteris situated 112 mm above

the distalend ofhumerus.In comparison withthe situ-

ation at the end of the prenatal period (sp. IAE Sh-77

4c), thispart hasbeen loweredand the proximal partof

the shaft has become relatively longer.

The proximal end of theshaft is robust (at the expense

of the formationof the tuberculummajus) and twisted

90° withrespect to the distal end. The crest of the grea-

ter tubercle is large, and the deltoid tuberosity is trans-

formed into the relief of the greater tubercle and

becomes crest-like in shape. This enlarges the trans-

verse diameterof the proximal end of the shaft. The

permanent nutritive foramen (5x3 mm) is situated

laterally fromthemiddlepart of the crest of the greater

tubercle, 84 mm above the distal endof the shaft. There

are no additionalnutritive foramina at the proximal
end of the shaft. A large fossa for the insertion of the

musculus latissimus dorsi is situated at its antero-me-

dial surface. Materia compacta is distributed evenly

over the shaft's surface, but for the ends, where it is

thinner.

At the end of the first yearof postnatal ontogenesis the

relief of theproximal surface of the shaft remains as in

PIN 4353-2658.The proximal epiphysis of the hume-

rus includes the humeralhead and the lateral centre

(not preserved insp. PIN 4353-2658) (photo 19: 6).
The surface of the headthat faces the lateralcentre has

a relief thatsuggests contact of these two centres medi-

ated by the cartilage of the growth zone betweenthem

(photo 19: 6). The lateral ossification centre of the

humerus of a two-months-old calf of E. maximus (PIN

4353-264) is represented by a tiny plate enclosed in

cartilage. This suggests that during the first postnatal

year this centre was small in the mammoth as well.

In sp. PIN 4353-713 the lateral centre of ossification of

the distal epiphysis (58 x 45 mm, height 30 mm) is

preserved (photo 19:2). Its lateral edge is oval and the

edge that faces the medial centre is even. The surface

that faces the ulna is convex and covered with a thin

layer of materia compacta with numerous pores. The

humeralhead is oval (76 x 68 mm, height 44 mm). Its

surface reliefsuggests thatit remainsembedded in the

cartilage of the growth zone. If viewedfromabove, the

lateral edge of thehead looks flattened and the medial

edge is more convex. The distalsurface of the head is

flattened, the proximal surface is hemispherical.

During the period between the third to fourthand the

sixth to seventh postnatal year, no qualitative
transformations occur in the structure of the

ossification centres of the distal and proximal

epiphyses. The centres remain incorporated in the
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cartilage of the growth zone, but their formation

continues and their dimensions increase.

In sp. PIN 4353-496, a humerusof a skeleton of a three-

to four-year-old calf from Sevsk (photo 19: 3, 7; photo
20: 3), the shaft length is 320 mm and the shaft moun-

ted together with the epiphyses is 425mm long (table

13). The possible cartilage thickness in the growth

zones taken into consideration, the total length of the

bone may have amounted to 445 mm. The epiphyses

comprise about29% of the total bone length (20% in a

newborn calf, as in PIN 4353-2658). The ossification

centres of the distal epiphysis are separated by a small

growth zone (photo 19:3). The lateral centre is subrec-

tangular (70 x 51 mm, height at the lateral edge 45 mm,

at the medial edge 24 mm). The surface of the lateral

centre that faces the distal surface of the shaft is

convex, the one that faces the proximal articular

surface of the ulna is semicylindrical. The medial

centre is oval, with a strongly convex surface that faces

the articularsurface of the ulna (photo 19: 3; photo 20:

3). The relief of practically the entire surface is deter-

mined by recesses with numerous foraminafor small

blood vessels.

In additionto the head (99 x 84 mm, height 61 mm), the

second ossification centre of the proximal epiphysis is

preserved (photo 19: 7). It is oval and much smaller

than thehead (62 x 41 mm, height 49 mm). The surface

of this centre that faces the scapula is hemispherical,
the opposite surface is flattened.The distal surface of

the head is convex, and the proximal surface, which

faces the glenoid fossa of the scapula is hemispherical

(photo 19: 7).

On the whole, the relief for the insertion of the

musculature doesnot differ much from thatobserved

in specimens at the previous growth stage, but it is

better developed. The crests and groovesof the greater
tubercle extend over the lateral face of the humerus to

form the relief of the proximal end of the shaft (photo
20: 3). The cubital fossa (55 x 34 mm) on the posterior
surface of the shaft is well expressed. The permanent
nutritive foramen (3x5 mm) is situated on the

posterior surface of the shaft, whereas in all other

specimens it is located on theanterior surface. Neither

the anterior nor the posterior surface of this specimen
has any other nutritive foramina in its middle and

distal parts.The compact layer is developed evenly
over the entire shaft.

In sp. PIN 4353-630, a humerusof a six- to seven-year-

old individual from Sevsk, the medio-Iateral and

antero-posterior diameters of the proximal end of the

shaft are almost equal (photo 19: 4, 8; photo 20: 4). At

the preceding ontogenetic stages the antero-posterior
diameter was greater than the medio-lateralone. The

proportions of the distal end and the shaft change: the

tubercle situated on the proximal end of the lateral

epicondyle is situated 148 mm above the distalend of

the bone. This distance is about equal to 34% of the

shaft length. At the age of three to four
years it was

46%, and in one-year-olds 45%.

The distalcentres ofossification fuse to form aconsoli-

datedepiphysis as in adults (transverse diameter178

mm, width of lateral edge 89 mm, of medial edge 98

mm, height 69 mm). The proximal epiphyseal centres

are incompletely fused.

The proximal epiphysis consists of two non-fused

centres: the humeral head and the lateral centre. The

head (140 x 105 mm, height 78 mm) has a rounded

medial, and a flattened lateraledge. The length of the

facet that is in contact with the medial surface of the

lateral centre via the cartilage is 96 mm (photo 19: 8).
The proximal surface of the head is hemispherical. Its

materia compacta does not differ from that on the

shaft. Evidently this is indicative of a transformation

of the growth zone ofthe head, where two areas can be

discerned: one between the shaft and the epiphysis,
the otherbetween the medial surface of the head and

the lateral centre. The lateral centre is oval. Its medial

edge, which faces the head, is flattened out to a facet

(82 x 42 mm). Unlike the head, this centre remains

embedded in cartilage, of which the reliefon its upper

and lateral surface is indicative. At this stage, the

centres are ten to fifteen mm apart. They would have

fused into a consolidatedproximal humeral epiphysis
later. The cartilage of the growth zone taken into

consideration, the length ofthe epiphysis equals about

24% of the total bone length, which is less than at the

previous stage.
The completion of the formation of ossified but still

unfused epiphyses is indicative of a substantial trans-

formationofprocesses of growth and physiology, and

evidently coincides with the beginning of puberty.

It is worth mentioning that the distalepiphysis of the

humerus is ossified before the proximal one. This

corresponds with the fusion sequence of the humeral

epiphyses in modern elephants (Roth, 1984). In M.

primigenius ,
the distalepiphysis is fused first followed

by the proximal one. Complete fusion of epiphyses
and epiphyseal sutures takes place earlier in females

(at the age of 25-30 years).

The ulna

During the early ontogenetic stages, the ulna of M.

primigenius comprises the shaft, the distal epiphysis
and the epiphysis of the olecranal process. In the

period that comprises theend of the prenatal stage up

to and including the first year of postnatal

ontogenesis, the distal epiphysis is represented by an

ossification centre that is embedded in the cartilage of

the growth zone. The epiphysis of the olecranal

process is ossified soon after birth, but the ulnar

growth zones persist for a long time. The distal

epiphysis fuses completely after thirty years.
The

epiphysis of theolecranal process fuses most probably

by the
age

of ten to fifteen years. This data is in good

agreement with the data on the functioning of the

growth zones inL. africana (Roth, 1984). In this species,
the proximal growth zones inulna and tibia and the

distalgrowth zones inhumerus and femurare the first

to ceaseactive functioning, asequencewhich is exactly
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the same as in M. primigenius. . One more zone of

growth is situated on thearticularsurface of the lateral

and medialcoronoid processes and on the greater part
of the surface of the ulnar notch. No epiphyses are

formed here.

Additional nutritive foramina are situated along the

growth zones at theends of the shaft, and the materia

compacta isthinner here thanon theirmiddleparts, as

in other long bones. Once the growth intensity has

decreased, the structure of the materiacompacta beco-

mes homogeneous throughout the entire shaft.

During early ontogenetic stages materia compacta of

the distal end of the shaft is formed at a slower rate

than in other parts of the ulna and there are several

additionalnutritiveforaminaat the distal end until the

end of the first postnatal year.
The only permanent

nutritive foramenis situated on the anteriorsurface of

the shaft, closer to the proximal end of the bone. The

shape of the ulnarshaft changes in the course of post-
nataldevelopment. Before theendof the first postnatal

year the shaft is curved backwards to a lesser degree
than at later stages, and the olecranal process only

slightly projects beyond the contour of the ulnar

shaft.The shaft is short and robust, especially during

prenatal ontogenesis. Later its length becomes greater
in relation to its transverse diameters.

The data on size variability of the sample studied is

represented in table 14 and illustratedby a diagram

(fig. 18b). These cover the period from the end of

prenatal ontogenesis to a postnatal age of six to seven

years, and reflect a smooth increase in shaft length as

well as in thewidthof the proximal articularsurface. It

may be assumed that after the first postnatal year the

increasein shaft length leaves thewidth increaseofthe

proximal articularsurface behind.

Attheendof theprenatal ontogenesis, theolecranon is

underdeveloped, as in sp. ZIN 31740(3) (photo 21:1).
The olecranal process is incompletely formed, and

small nutritive foramina are situated along its proxi-
mal extreme. The shaft is relatively robust (the medio-

lateraldiameterof the distalshaft equals ca. 22% of its

length). Theolecranal process slightly projects beyond
the contour of the shaft. The preserved parts of the

compact layer suggest it was better developed on the

middlepart of the shaft thanon its ends. The surface of

the incisura semilunaris is slightly concave, uneven,

with
many pores. The length and the width of the

medial coronoidprocess are much greater than those

of the lateral coronoidprocess. This, however, is usual

for all ontogenetic stages.

At the beginning of postnatal ontogenesis, the shaft

remains relatively robust and slightly curved, as in

specimen PIN 4353-2659, the ulna of a complete
skeleton of a newborn calf from Sevsk (photo 21: 2).
The medio-lateral diameter of the distal end of the

shaft equals about30% of its length (to the level of the

incisura semilunaris). The cross section of the shaft in

its middle part is subtriangular, and its distal part is

oval. Theolecranonis relatively short, its surface toge-

ther with the surface of the incisura semilunaris has a

relief thatwas formedin contact with the cartilage of

the growth zone. In sp. PIN 4353-2659 the angle
between themedialcoronoidprocess (47 x 29 mm)and

the lateral coronoidprocess (20 x 35 mm) equals ca.

90°. The incisura semilunaris is slightly concave. The

surfaces of both processes are slightly inclined

forward. The depth of the facies articularis radialis is

23 mm. The materiacompacta on the distal part of the

shaft is thin, with many small nutritive foramina.

There is a vertical longitudinal groove (width 1 mm,

length 28 mm) on the anterior surface of the distal end,

which is surrounded with tiny nutritiveforamina.The

permanent nutritiveforamen(diameter 1 mm) is situ-

ated in the upperpart ofthe groove. The lowerend of

the groove is 14 mm apart from the distal end of the

shaft. There are two similar grooves on the medial

surface of the distalend. Such structures of the materia

substantia on the distalend of the ulna are connected

with the growth zone complex.

In sp. PIN 4353-2659, an oval distalepiphysis (38 x30.5

mm, height 20 mm), the surface that faces the carpal
bones is convex. The epiphysis represents a centre of

ossification withnumerous tiny nutritiveforaminafor

blood vessels. Other specimens that exemplify early

postnatal ontogenesis are ZIN 34201, 31740(5) (photo
21: 3), ZIN 31740(4), and GIN 77 (photo 22). These

specimens have more gracile shafts and represent

approximately one-month-oldcalves (table 14). In sp.
GIN 77 the cross section of the distal end is ellipsoid

(the long axis of the ellipsoid is oriented antero-poste-

riorly), and the anterioredge of the shaft is more roun-

ded than the posterior one. The transverse diameterof

the distal end of the shaft equals 32% of its length. The

olecranon is inclined backward beyond the lineof the

posterior shaft surface. The angle between the medial

coronoidprocess (39 x 25 mm)and the lateralcoronoid

process (29 x 15 mm)exceeds 90°. A depression for the

proximal end of radius extends along the upper facies

articularis radialis. Other peculiarities of the morpho-

logy are similar to those in sp. PIN 4353-2659.

At the end of the first yearof postnatal ontogenesis, a

relief for the insertion of ligaments that support the

radius appears on the anteriorsurface of the shaft and

on thearticular facet for the radius. This is exemplified

by the specimens ZIN 34419(13) and PIN 4353-878, an

ulna from the skeleton of a one-year-old calf from

Sevsk (photo 21: 4-5). In sp. PIN 4353-878 the shaft is

still relatively robust (table 14). In the middle part its

cross section is almost triangular. The antero-posterior

diameterof the distal part of the shaft equals 26% of its

length (less than at the beginning of postnatal ontoge-

nesis). The surface of the olecranon (length from the

upper edge of the incisura semilunaris to the distal-

most point 50 mm, width 51 mm) and the entire

surface of incisura semilunaris have the relief that

signals the presence of the cartilage of the growth
zone.

Another difference between the proximal end of the

ulnarshaft at thisstage andat theprevious one is grea-
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ter concavity of the incisura semilunaris.The articular

surfaces of the medialand lateral coronoidprocesses

are not inclined forward and the angle between the

processes exceeds 100°. The articular facet for the

radius is therefore very wide.

The ossification centre of the distal epiphysis of sp.

PIN 4353-878(photo 21: 8) is oval (55 x 42 mm, height
35 mm). The length of the distal epiphysis equals ca.

19% of the total length of the ulna. The surface that

faces the distalsurface of the shaft is flattened, the side

surfaces are vertical. The surface that faces the carpal
bones is inclined antero-posteriorly. The relief of all

surfaces of the centre signals that the centre remained

embeddedin the cartilage of the growth zone.

Specimen PIN 4353-499, from Sevsk, is an ulna that

belongs to a skeletonof a calf aged three to four years.

The medio-lateral diameter of the distal part of the

shaft equals 27.7% of its length, which is285 mm (table

14). The total length of the bone - including the distal

epiphysis and the cartilage of the growth zones - is an

estimated 327
- 330 mm. The length of the distal

epiphysis therefore equals about 14% of the total

length of the ulna.Relatively speaking this is less than

during the first postnatal year. The growth zones on

theends of theolecranon and the incisura semilunaris

persist. The permanent nutritiveforamen(4x3 mm) is

situated on the medial surface of the proximal end of

the shaft, at the level of the articular surface on the

medial coronoidprocess.

The partially formed materia compacta on the distal

end of
sp.

PIN 4353-499 occupies a small area: it is a

bandthat lies ten to twelve mm above the distalborder

of the ulna. There are seven vertical grooves on the

medial surface of the distal end. These are seven to

twelve mm long and one to two mm wide. Smallnutri-

tive foramina (lxl mm) are situated in the proximal

parts ofthe grooves.
There are no such

grooves on the

anterior and lateral surfaces of the shaft, so the small

nutritive foramina immediately pass through the

surface layer. Evidently, the growth zone is situated

not only between the end of the shaft and the epiphy-
sis, but also extends onto the distal end of the shaft.

The nutritive foramina are the passways of relatively

large blood vessels that mark the growth zones. After

the bone was substituted for the cartilage, the smaller

foramina disappear immediately. The greater ones

disappear later, so that thenutritiveforaminafor some

time persist in the already ossified shaft ends in the

shape of grooves.
The permanent nutritive foramen

(usually one, sometimes two) is normally situated in

the middlepart of the shaft. In the ulna it lies closer to

the proximal end.

In sp. PIN 4353-499 the distal epiphysis is partially
formed (74 x 61 mm, height 39 mm). Its lateral surface

is more sloping than the medial one. The epiphysis
cross section is almost triangular. The longest side of

the triangle is the medial one, which faces the radius.

The surface that faces the carpal bones is slightly
convex.

At the
age

of six to seven years the surface of the

growth zones on the proximal endofthe shaft is drasti-

cally reduced, as in sp. ZIN 31744(4) (photo 21: 7) and

PIN 4353-299, an ulna of a six- to seven-year-old
individualfrom Sevsk. In specimen PIN 4353-299, the

length of the shaft is 370 mm. When it is mounted

together with the distal epiphysis, the combined

length is 440 mm (table 14). The bone length including
the cartilage of the growth zone would be 450 to 455

mm. The length of the distal epiphysis equals about

18% of the total length of the ulna. The cross section of

the middlepart of the shaft is subtriangular. Thereare

two permanent nutritive foramina (3.5 x 3.5 mm) on

the medial and proximal surfaces.

The distal epiphysis of PIN 4353-299 bears a its own

number, PIN 4353-681, and has no longer a centre of

ossification at this ontogenetic stage. Because it is a

'diminishedcopy' ofthe distalepiphysis as it is found

in adult animals, it has a completely formed layer of

materia compacta on the major part of its lateral

surface. The growth zone remains only between the

surface that faces the shaft and the distalsurface of the

Linker dijbeen vanhetzelfde individu als afgebeeld in fig. 20.a =

voorzijde; b = binnenzijde. Maatstreep 5cm. 1 = beschadigd ge-

bied met sponzige substantie; 2 = grotetrochanter; 3 =overlap

van voorzijde van onderuiteinde van de schacht over de zich ont-

wikkelende knieschijfkatrol; 4 = blijvend voedingskanaal; 5 =

groeves vankleine voedingskanalenop de achterzijde van de

schacht; 6 = idem, op voor-binnenzijde van onderuiteinde van de

schacht; 7 = kleine voedingskanalenop voorzijde vanboven-

uiteinde van de schacht; 8 = dunne compacte laag op schacht-

uiteinden.

Fig. 21. Left femur ofthe same individual as figured in fig. 20. a =

anterior surface; b = medial surface. Scale bar: 5 cm. 1 = damaged
area of femur with substantia spongiosa; 2 = greatertrochanter; 3

= protrusion of the anterior surface of the distal shaft end over

developing patellar groove; 4 = permanentnutritive foramen; 5 =

grooves of small nutritive foramens onthe posterior surface ofthe

shaft; 6 =

grooves of small nutritive foramens on antero-medial

surface of the distal shaft end; 7 = small nutritive foramens on

anterior surface of proximal shaft end; 8 = thin compact layer on

shaft ends.



CRANIUM 19,1 - 2002

37

shaft. It is almost triangular in cross section, with one

angle directed backward. The distal, lateral and

medial sides are vertical. The articular surface that

faces the carpal bones is smooth. The width of the

distal side is about 90 mm, that of the lateral and the

medial side 77 and 83 mm respectively. The greatest

height of the epiphysis is ca. 69 mm.

The early completion of the formation of the distal

epiphysis of the ulna in M. primigenius is combined

with protracted functioning of the growth zone

betweenthe shaft and the distalepiphysis. Among the

epiphyses of the long bones it is one of the last to fuse,
and this

appears to be apeculiarity which is shared by
the woolly mammoth and the two modern elephant

species (Lister, 1999). The proximal epiphysis of the

olecranon, though ossified later thanthe distalepiphy-
sis ofthe ulna, is fusedearlier.The growth zone on the

surface of theproximal end of theulna differs from all

other ulnar growth zones in the absence of the centre

of ossification.

The femur

The femur of,M. primigenius at early stages of ontoge-
nesis consists of the shaft and the proximal and distal

epiphyses. Each of these comprises two ossification

centres embedded in the cartilage ofthe growth zones

at theshaft ends. After thecompletion of ossification of

the epiphyses and the formation of consolidated

proximal and distal epiphyses, two growth zones

persist between the proximal end of the shaft and the

proximal epiphysis and between the distal end of the

shaft and the distalepiphysis. The epiphyses become

fused at rather late stages of postnatal ontogenesis.

The proximal epiphyseal centres are ossified
asyn-

chronously. First a large femoral head is formed. The

next ossification on the proximal surface is the greater
trochanter. The ossification centres of the distal

epiphysis evidently are formed synchronously (most

probably during the final stage of prenatal develop-
ment), and have similar dimensions. The centres

correspond to the future medialand lateral condyles.
Materia compacta is formed from the middle part of

the shaft to its ends. There are additional nutritive

foramina on the shaft ends during the later stages of

prenatal and the earlier stages of postnatal ontogene-
sis. These foramina disappear by the beginning of the

second yearof postnatal ontogenesis. The only perma-

nent nutritiveforamenis situatedin themiddlepart of

the shaft and persists during the entire ontogenesis.

The femoral dimensions are given in table 15 and

represented in fig. 19a, where a considerable

variability in size is noticeable at the end of the

prenatal stage and the beginning of the first postnatal

year. Inaddition, length increase and width increase at

the distal end of the shaft remain correlative until the

end of the second postnatal year.
In specimen ZIN

34201(4), a one-month-old calf cadaver from Yamal

with two plates of dp2 in wear, the dimensionsof the

femoral shaft are similar to those in a newborn from

Sevsk. This discrepancy may be accounted for by indi-

vidual developmental peculiarities of the former.

The shape and proportions ofthe femoral shaft change

during ontogenesis. At the end of prenatal and the

beginning of postnatal ontogenesis the proximal end

of the shaft is curved antero-posteriorly (figs. 21, 22).
At the beginning of the second postnatal year the shaft

becomes straight. At this stage the transverse diame-

ters of the epiphyses become reduced in relationto the

epiphyseal lengths, but the relative robustness of the

distal end of the shaft becomes greater. By the end of

the seventh postnatal year the relative epiphyseal

length diminishes incomparison with the shaft length

(table 15). In addition, during the first postnatal year
the anglebetween thebase of the femoralhead and the

longitudinal axis of the shaft diminishesfrom80° (ZIN

31760(6), 34419(10), 31744(5)) to 50°-60° (ZIN 31744(5),

34419(11), 34419(12)).

foetus, sp. ZIN 34419(10),
from Kostionki 1, Voronezh region, last stage of pregnancy (21-22

months), medial surface. Scale bar: 5 cm. 1 = curve of proximal
quarterof the shaft; 2 = small nutritive foramina onthe shaft

ends.

M. primigenius

Rechter dijbeen vaneen

Fig. 22. Right femur of a

foetus, sp. ZIN 34419(10),

vindplaats Kostionki 1, regio Voronezh, laatste stadium van de

dracht (21-22 maanden), binnenzijde. Maatstreep 5 cm. 1 = curve

vanbovenste kwart van de schacht; 2 = kleine voedingskanalen

op schachtuiteinden.

M. primigenius
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At the end of the prenatal ontogenetic period the

proportions of the femur differ considerably from the

femoral proportions in adult animals. In sp. ZIN

31740(6) (photo 23:1) - which was in the middleof its

second year (?) ofprenatal ontogenesis by comparison
with the dimensionsof foetuses of modern elephants

(Beyer et al., 1990) -
the shaft is relatively straight, and

its proximal end curved antero-medially. The shortest

transverse diameterof the shaft equals 12% its length.

For the transverse diameter at the distal end the

analogous percentage is 21. The materia compacta on

the middlepartof the shaft isbetter formedthanonthe

ends. Therelieffor muscleinsertions is absent. Several

additional nutritiveforaminaare situatedon the shaft

ends. The permanent nutritive foramen(3x2 mm) is

situated on the medial surface of the shaft, 42 mm

below its upperedge.

From the end of prenatal ontogenesis (ZIN 32572(10),
IAE Sh-77 5b) to the beginning of postnatal ontogene-
sis the proportions of the shaft do not change signifi-

cantly (fig. 21, table 15). In sp. IAE Sh-77 5b the

proximal part of the shaft is inclined antero-posteri-

orly. Near the distal edge of the anterior surface an

expansion appears to form the base of the trochlea for

the patella (fig. 21a: 3). The area with the smallest

medio-lateral diameteris in the middle of the shaft,

from where it becomes widerupward and downward.

This shape of the shaft is similar to that in E. maximus.

In.L. africana the smallest diameteris inthe lowest third

of the shaft, whereas the middle and proximal parts
have more or less similar transverse diameters

(Zalensky, 1909). The trochanteric fossa and the
grea-

ter trochanter are in the earliest stage of their

formation. The permanent nutritive foramen (4x3

mm) is situated on the medial surface, 73 mm below

the greater trochanter (fig. 22b: 4). At the distal end of

the shaft, five additional nutritive foramina are

situatedin grooves thathave a length of six to ten mm

and lie twenty-one to thirty-one mm above the distal

edge (fig 21a: 8). Six similar foramina are situated on

the anterior surface of the proximal end of the shaft

(fig. 22a: 7). The thickness of the materia compacta in

the middle part of the shaft is 1 mm or less.

The structure of the shaft is similar in the newborn

calves ZIN 34419(10) (fig. 22) and PIN 4353-2698.The

latter specimen is a femur that belongs to a skeleton

from Sevsk (photo 23: 4).

In sp. PIN 4353-2698the smallest medio-lateral diame-

ter of the shaft equals 13.6% of its length. For the

medio-lateral diameter of the distal end this percen-

tage is about 25. The medio-lateral diameter of the

proximal end ofthe shaft underthebase ofthe femoral

head is 54 mm, the antero-posterior diameter of this

part is 61 mm. The angle between the shaft surface

under the base of the femoral head and the longitudi-
nalaxis of theshaft is slightly less than90°. The headis

oval (51 x 46mm), its proximal surface is rounded and

lacks materiacompacta and relief that may be expec-

ted inan autonomous ossification centre embedded in

the cartilage of the growth zone. The proximal end of

the shaft is inclined antero-posteriorly, as in sp. ZIN

34419(10). The distalepiphysis comprises two autono-

mous ossification centres (photo 23, 2). The greater

(medial) centre isoval (51 x39 mm, height 38 mm), and

its flattenedsurface faces the distal end of the shaft.

The smaller(lateral) centre is almost spherical (39 x 30

x 29mm). With thecartilage of the growth zones taken

into consideration, the maximal length of the bone

may
have been 310 mm (the length of the shaft equals

80%, and the smallest medio-lateral diameter 16% of

the total length). The medio-lateral diameter of the

distal end of the shaft equals 32% of its length.

At the end of the first postnatal year (exemplified by
PIN 4353-552, a femurof the skeleton ofa one-year-old
calf from Sevsk) and the beginning of the second

postnatal year (ZIN 31744(5), 34419(1)), the relief for

the insertionof the large muscles is formed in the areas

of the greater trochanter, the small trochanter, and

other parts of the shaft. It is then similar to the relief

found in adult animals (photo 24,1-3). If the cartilage
of the growth zones is taken into consideration, the

length of the femur is about 415 mm. The length of the

shaft isabout15 % ofthe totalbone length. The smallest

medio-lateral diameter equals 15% of the total bone

length. For themedio-lateral diameterof the distal end

the analogous percentage is 32. In the area of the

bottom of the trochanteric fossa the antero-posterior
diameterof the proximal endof theshaft is 22.5 mm. In

the area of the base of the femoralhead and the proxi-
mal end of the shaft the diameters are 70 and 75 mm.

The proximal growth zone occupies theentire surface

of the proximal end of the shaft and from the base of

the head to its lateral edge. The permanent nutritive

foramen(5x4 mm) is situatedon the medialsurface of

the shaft, 111mmbelow its upperedge. The numberof

additional nutritive foramina on the shaft ends is

small, the thickness of materiacompacta on themiddle

part of the shaft is roughly equal to that on the ends.

The femoral headinsp. PIN 4353-552is oval, drop-like
in cross section, with the long axis medio-laterally
oriented (photo 25: 4). The length of the femoral head

is 73 mm. Its width and height are 67 and 45 mm

respectively. Its medial edge is oval and laterally

(opposite the greater trochanter) sharpened. The

surface that faces the acetabulum is hemispherical.
The surface opposite the proximal surface of the shaft

is flattened, the relief formed in contact with the carti-

lage.

The distal shaft of sp. PIN 4353-552 comprised two

ossification centres (the medial one is not preserved).
The lateral centre is oval. Its surface opposite the shaft

is flattened, and the surface that faces the tibia is

convex. The height of the centre is 47 mm, its width55

mm, and its length 44 mm. The surface that faces the

medialcentre of ossification has a process that prolife-
rates at later stages and gradually fuses with the

medial centre thus forming the base of the consolida-

ted distalepiphysis.
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During the third-to-fourth year of postnatal develop-

ment, the shaft's proportions and morphology remain

more or less the same as at the previous stage, as in sp.

PIN 4353-479, afemurof askeletonof a calffromSevsk

(photo 24: 5). The smallest medio-lateral diameter

equals 14.5% of the shaft length. For the greatest

medio-lateral diameterof the distalend the analogous

percentage is 28. The permanent nutritiveforamen(4 x

5 mm) is situated 130 mm below the proximal end of

the shaft, in the middlepart of a vertical groove that is

80 mm long and 6 mm wide. The smallest antero-pos-
teriordiameterof the proximal surface (at the level of

the bottom of the trochanteric fossa) is 34 mm. The

length of the head is 94 mm, its width 85 mm, and its

height 63 mm. Its proximal surface is hemispherical.
The surface that faces the proximal end of the shaft is

flattened. In comparison with the situation at the

previous stage, the lateral edge is much more

elongated in the directionof the greater trochanter.

At the ageof six to seven years,
theossification centres

of the distalepiphysis have fused. The suture between

them persist, as in PIN 4353-48, a femur of a six- to

seven-year-old calf fromSevsk (photo 24:6-8). Materia

compacta is formed on the surface that faces the foot,

which suggests that from this stage onward the

growth zone was situated betweenthe distalsurface of

the shaft and the epihysis. There are many
small and

large nutritive foramina in the area of the suture

betweenthe medialand lateral parts of the epiphysis.
The fusion of the lateral and medial centres of the

distal epiphysis proceded fromthe anteriorend ofthe

epiphysis toward the posterior end. The suture is

already absent in the anterior part of the epiphysis,
which forms the trochlea for the patella. The suture

persists in the posterior part, where it extends along
the notch betweenthe lateral and medialcondyles.

The proximal epiphysis at this stage, as at the previous

one, consists of two ossification centres: the femoral

head and the lateral centre, or the greater trochanter

(photo 24, 8). Materia compacta that is formed on the

head suggests that this part of the epiphysis is no

longer embedded in the cartilage of the growth zone,

where only the lateral centre remains. On the lateral

surface of the head a process is formed and directed

toward the lateral centre. The materiacompacta on the

lateral process is relatively thin, with numerous nutri-

tive foramina.

The structure of specimen PIN 4353-48 suggests that

during the prenatal as well as during the initial

postnatal ontogenesis the femur develops a weak

relief for muscle insertions, the formation of which

takes place at relatively late ontogenetic stages.

Besides, the speed of formation of the proximal
femoral epiphysis is lower than that of the distal one,

and by the age
of six to seven years

the proximal

epiphysis still consists of two centres. This structure

and the sequence of the formative stages of the femur -

as in the cases of the humerus and the ulna - are

indicative of the initialexistence of several primordial
ossification centres in the long bones of the mammoth.

The tibia

At early ontogenetic stages the tibia is represented by
an ossified shaft and two epiphyseal ossification

centres (proximal and distal) forming in the cartilage
of the growth zones.The growth zones remainfunctio-

nal for a long time after the epiphyses have been ossi-

fied completely. A relativereduction of the transverse

diameters of the epiphyses with respect to their

lengths takes place heterochronously at different

stages. In addition, development of relief in themiddle

part of the shaft causes a transformationofits shape in

cross section. The materiacompacta on the shaft of the

tibia isformed earlier thanon other long bones and the

number of additional nutritive foramina is greatly
reduced soon after birth. The formation of relief for

musculature insertions takes place mostly attheend of

the first postnatal year. The lateral edge of the proxi-
mal end of the shaft becomes much higher than the

medial one in the course of ontogenetic development.
Dimensions and proportions of the tibiaat early onto-

genetic stages are given in table 16and illustrated with

a diagram (fig.19b).

At the end ofthe prenatal period and the beginning of

postnatal ontogenesis, materiacompacta is practically

foetus of last prenatal stage

(20-21 months of pregnancy), field nummer IAE Sh-77 3d,

Shestakovo locality, Chabula district,Kemerovo region, a =

anterior surface;b = posterior surface. Scale bar: 5 cm. 1 =

proximal nutritive foramen; 2 = middle nutritive foramen; 3 =

distal nutritive foramen; 4 = depressionnear distal shaft end; 5 =

sulcus malleolaris; 6 = concavity of posterior surface of the shaft; 7

=damaged areas of bone; 8 = tibial crest; 9 = tibial tuberosity; 10 =

lateral and medial crests onposterior surface of the shaft (linea

muscularis).

Fig. 23. Left tibia of a M. primigenius

Linker scheenbeen vaneen foetus gedurendehet

laatste prenatale stadium (20-21 maanden dracht), veldnummer

IAE Sh-77 3d, vindplaats Shestakovo, district Chabula, regio Ke-

merovo. a = voorzijde; b = achterzijde. Maatstreep 5 cm. 1 = bo-

venste voedingskanaal; 2 = idem,middelste; 3 = idem,onderste; 4

= del nabij onderuiteinde van de schacht; 5 = malleolare
groeve; 6

= holte aanachterzijde van de schacht; 7 =beschadigde delen; 8 =

scheenbeenkam; 9 = plaats vanpeesaanhechting; 10 =kammen

aanbinnen- enbuitenzijde aan de achterzijde van de schacht

(grenslijnen spieraanhechting).

M. primigenius
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not formed on the shaft ends, and the growth zones

here are marked with numerous tiny nutritive

foramina. This age group is exemplified by the

specimens ZIN 31740(7), a foetus in the 14th to 16th

month of development (photo 25: 1), and ZIN

31740(16), 31740(9) (photo 26:3), ZIN 34419(16) (photo

26:2), and IAESh-773d, which all represent foetuses in

the20th to 21st monthof development (fig. 23). In sp.

ZIN 31740 the medio-lateraldiameterof the proximal
endof the shaft equals 33% of its length. Consequently,
the shaft looks short and robust. The proximal and

distal ends of the shaft are damaged. The cross section

of the shaft in themiddle part is oval. The only relief is

the rough surface in the area of tibial crest and the

weakly-expressed tuberosity. The materiacompacta is

better formed in the middle than on the ends of the

shaft, where
many

smallnutritive foraminaare situa-

ted.

In sp. IAE Sh-77 3d, the shaft is relatively short and

robust. The medio-lateral diameter of the proximal
end of the shaft equals 34%, the smallestwidth 19.6%

ofthe length ofthe shaft. The tibialcrest is represented

by a primordial tuberosity. Itextends from thelevel of

the distal endof the tibialtuberosity in the directionof

the distal end of the shaft withoutreaching it (fig. 23:

8). The crest extends onto the medial surface as well,

though only slightly. The transverse diameterof the

tibial tuberosity is greater thanthe vertical one (32 and

21 mm respectively, fig. 23a: 9). The difference in incli-

nationbetweenthe lateraland medialedges is insigni-
ficant. The posterior surface of the proximal end of the

shaft, betweenthe muscular lines (lineae musculares)
that delimitit from the side surfaces, is concave. There

are threenutritiveforaminaon the posterior surface of

the proximal endof the shaft. The greater one is oval (5

x 2 mm) and is situated 4 mmbelow the proximal end

(fig 23: 1). The medium-sized (2.5 x 2 mm) and the

smaller one (2 x 1.5 mm) are situated underneath (fig.

23:2-3) On the posterior surface ofthe distalend of the

shaft there are several small nutritive foramina (lxl

mm) situated in grooves (fig. 23: 4). The relief of the

posterior surface of the distal end is represented only

by the malleolarsulcus (fig. 23: 5).

At the beginning of postnatal ontogenesis the

robustness of the shaft diminishes, yet the robustness

of its proximal end becomes relatively greater.

Examples are PIN 4353-2703, a tibiaof the skeleton of a

newborn calf from Sevsk (photo 25: 6), ZIN 31740(8)

(photo 25: 4), and ZIN 34201(2). In specimen PIN

4353-2703 the medio-lateral diameterof the proximal
end of the shaft equals 43%, and the smallest

medio-lateral diameter 17% of the length of the shaft

(in specimen ZIN 34201(2) these ratios are 42% and

16.6% respectively). The transverse diameter of the

tibial tuberosity becomes smaller than its vertical

diameter(22 mm and 28 mm respectively). A
perma-

nent nutritive foramen (2x1 mm) and two smaller

ones underneath it are situated on the posterior
surface, near the proximal end of the shaft. The width

ofmalleolarsulcus is ca. 12mm. Thereis no other relief

on the distalend of the shaft.

Atthe endofthe first postnatal year
the cross sectionof

the shaft is hemispherical, not oval (PIN 4353-1709, a

tibiaof the skeleton of a one-year-old calf (photo 25:7),
ZIN 34419(14), and 34419(15)). The robustness of the

shaft is practically the same as at the previous stage. In

sp. PIN 4353-1709the smallest medio-lateral diameter

equals 19% and the medio-lateral diameter of the

proximal end 34% ofthe length of the shaft. The poste-
rior surface of the proximal end of the shaft of this

specimen isslightly concave and delimitedby well-ex-

pressed muscular lines. In the area of the smallest shaft

width its posterior surface is straight. In the direction

ofthe distal end the transverseshaft diameterbecomes

Fig. 24. First thoracic vertebra of a 3- to 4-year-old calf of

kalf van 3-4 jaar oud,

PIN 4353-512, vindplaats Sevsk, regio Bryansk. a = vooraanzicht;

b = zijaanzicht; c = eind van doornuitsteeksel. Maatstreep 4 cm. 1

= doornuitsteeksel;2 = groeizone aan eind van doornuitsteeksel;3

= achterste gewrichtsvlak; 4 = wervellichaam; 5 = dwarsuitsteek-

sel; 6 = top van doornuitsteeksel; 7 = compact been aanonderzijde

vanwervellichaam; 8 = aanhechtingsplaats van gewrichtsvlak op

dwarsuitsteeksel; 9 = voorste gewrichtsvlak; 10 = proliferatie van

de basis van de benen van de wervelboog; 11 = naad tussen basis

vanwervelboog enbovenzijde vanwervellichaam;de laatste heeft

eenrelief dat duidt op de aanwezigheidvankraakbeen.

M.

primigenius, PIN 4353-512, Sevsk locality, Bryansk region. a =

front view; b = side view; c = end of spinous process. Scale bar: 4

cm. 1 = spinous process; 2 = growthzone atend of spinous

process; 3 = caudal articular facet; 4 =

corpus vertebae; 5 =

transverse process; 6 = end of spinous process; 7 = compact layer

on ventral surface of vertebral body; 8 = apophysis articular facet

on transverse process; 9 = cranial articular facet; 10 =proliferation
ofbases of neural arch legs; 11 = suture between neural arch base

and dorsal surface of vertebral body, the latter with a relief

indicating the presence of cartilage.

Eerste borstwervel van eenM. primigenius
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gradually greater and its posterior surface more

prominent. The reliefof the proximal and distal surfa-

ces is typical of the growth zones. The vertical and

transverse diametersof the tuberosity are 48 mm and

39 mm respectively. From its base the tibial crest

extends toward the distal end. The permanent nutri-

tive foramen is situated on the posterior surface, 82

mmbelow theproximal end. The materiacompacta on

the distal and proximal ends extends almost to the

edges of the shaft.

The ossification centres of the proximal and distal

epiphyses are probably formed during the third to

fourth year of postnatal ontogenesis, which range is

exemplified by the specimens ZIN 31744(6) and PIN

4353-873, a tibiaof a calf skeleton (photo 25: 5, 8). The

ossification centres are not preserved in these

specimens, but indirect evidence is provided by the

homogeneous structure of the materiacompacta over

the entire shaft. In sp. 4353-873 the medio-Iateral

diameterof the shaft is 21% and the transverse diame-

ter of the proximal end equals 35% of its length. The

cross sectionof the middle part of the shaft is hemisp-
herical. The cross sections of the proximal and distal

parts of the shaft are oval. The vertical and transverse

diametersofthe tuberosity are 38 and 67 mm respecti-

vely. The tibial crest almost reaches the distal edge of

the shaft.

The cross section of the middle part of the shaft radi-

cally changes by the sixth to seventh
year

of postnatal

ontogenesis. The relief of the tibia at this stage is also

well developed. In sp. PIN 4353-625, a tibia of an

incomplete skeleton from Sevsk, both non-fused

epiphyses are preserved (photo 25: 9). The cross sec-

tionof the shaft issubtriangular in the middlepart and

oval in the proximal and distal parts. The smallest

medio-lateral diameter equals 19%, and that of the

distalend 32% of the shaft length. The relief for large

muscle insertions is present in several areas of the

shaft. The vertical and transverse diameters of the

tuberosity are 67 mm and 94 mm respectively. The

development of the robust tibial crest determines the

subtriangular shape of the cross section of the middle

part of the shaft. The crest and the surrounding surface

have the relief for muscle insertions. The posterior
surface ofthe proximal end isnoticeably concave. Both

muscular lines are well expressed. There are three

nutritiveforaminaon the posterior surface. These are

almost vertically aligned (4 x 1.5 mm, 3x1 mm and 6 x

2 mm). The malleolar sulcus is shallow.

M. primigeniusFig. 25. Thoracic vertebra ofa 3 to 4-year-old calf of

of the Sevsk locality, Bryansk region, PIN 4353-526,front view (a)
and side view (b). 1 = spinous process; 2 = articular fossa for rib

head onneural arch base; 3 = caudal articular facet; 4 = vertebral

body; 5 = transverse process; 6 and 10 = neural arch leg; 7 = mate-

ria compacta onthe lateral part of the vertebral body; 8 = place for

apophysis of transverse process; 11 = sutura between neural arch

leg and vertebral body.

kalf van 3-4 jaar oud,vind-

plaats Sevsk, regio Bryansk, PIN 4353-526,voor- (a) enzijaanzicht

(b). 1 = doornuitsteeksel; 2 = gewrichtsvlak voor rib op basis van

wervelboog; 3 = achterste gewrichtsvlak; 4 = wervellichaam; 5 =

dwarsuitsteeksel; 6 en 10 = been vanwervelboog; 7 = compact

been aan zijkant vanwervellichaam;8 = plaats voor aanhechting

van dwarsuitsteeksel; 11 = naad tussen been vanwervelboogen

wervellichaam.

Borstwervel vaneen M. primigenius

M. primigenius,

Fig. 26. Formation of bony epiphyses and apophyses ona lumbar

vertebra of an adult

PIN 4353-2856, vindplaats Sevsk, regio

Bryansk, vooraanzicht (a), bovenaanzicht (b). 1 = wervellichaam;

2 = dwarsuitsteeksel; 3 = doornuitsteeksel;4 =onvolledig ge-

vormde vergroeiingvanwervellichaam met eenopening met

niet-verbeend deel in het centrum van de epiphyse; 5 = been van

wervelboog; 6 = achterste gewrichtsvlakken; 7 = voorste ge-

wrichtsvlakken.

M. primigenius,

PIN 4353-2856,Sevsk locality,

Bryansk region, front view (a), upper view (b). 1 = vertebral body;
2 =transverse process; 3 =spinous process; 4 = incompletely
formed epiphysis of vertebral body with anopeningwith a

non-ossified part in the centre of the epiphysis; 5 = neural arch

leg; 6 = caudal articular facets; 7 = cranial articular facets.

Vorming van benige vergroeiingen op eenlendenwervel vaneen

volwassen
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The proximal epiphysis is oval, its dimensionsare 125

x 100 mm. The height from base to top of the intercon-

dylar eminence is 37 mm, and in this respect practi-

cally does not differ from the proximal epiphyses of

adults. The lateral edge of the epiphysis is elongated
and sharpened similarly to the sharpened lateraledge
of the shaft. The dimensions of the medial articular

facies are 84 x 70 mm, those of the lateral articular

facies 62 x 54 mm. The surface of the latter is slightly
inclined laterally (photo 25: 9). The structure of the

materia compacta on the articular surface of the

epiphysis is similar to thaton the shaft. It is thinneron

the side surfaces and more nutritiveforamina are situ-

ated here. The distal epiphysis is oval (114 x 82 mm,

height across the medial eminence 40 mm). The

dimensionsof the distal articularfacies are 88 x 62 mm.

Its surface is almost parallel to the distal surface of

shaft. The relief formed by the cartilage of the distal

growth zone on the proximal surface of the distal

epiphysis (opposite the shaft) is well expressed.

The morphology of sp. PIN 4353-625and other speci-
mens studiedsuggests thaton the wholethe formation

ofthis bone proceeds ina similar way as inother long
bones, i.e. with two growth zones on the shaft ends

and at least three autonomous centres of ossification:

the shaft and the two epiphyses. In particular, the

structure of the proximal and distal epiphyses in sp.

PIN 4353-625 suggests that initially they are ossifica-

tion centres embedded in the cartilage of the growth

zones, and by the sixth to seventh postnatal year
become ossified to an extent that makes the growth
zones move intotheregion between the epiphyses and

the distaland proximal ends of the tibial shaft.

The vertebras

A vertebra is formed of two autonomous ossification

centres: theneural arch (arcus neuralis) and the verte-

bral body (corpus vertebrae). The formation (ossifica-
tion in the growth zones in vertebral parts) continues

until the age of eighteen to twenty. The neural arc

conjoins the dorsal surface of the vertebral body after

seven to ten postnatal years in females, and after forty
inmales. Before the beginning of postnatal ontogene-
sis the vertebralbody is represented by an ossification

centre embedded incartilage (figs. 24, 25).

During ontogenesis the structures of the transverse

dorsal processes and spinous processes are changed at

the
expense of the formation and fusion of their

apophyses. The main zones of growth are situated

between the epiphyses and the vertebral body and

betweenthe bases of the neural arches and the verte-

bral body. The fusion of autonomously ossified

epiphyses of vertebral bodies takes place at late onto-

genetic stages, i.e., after the
age

of seventeen in females

and after forty in males. The apophyses fuse with the

processes of the neural arches earlier. During ontoge-
nesis the absolute length of the vertebralcolumnbeco-

mes greater, whereas the relative lengths of its regions

remainconstant. The numberofvertebraein the cervi-

cal and sacral regions remains constant (seven and

four). The total number of vertebrae in the thoracic and

lumbar regions is also constant (23), but the numberin

each region varies with the incorporation (or non-in-

corporation) of vertebraeof the lumbar region into the

thoracic region. Thus, in different individuals the

number of vertebrae in the thoracic and lumbar regi-

ons may be nineteen to twenty and four to three,

respectively. In some adult individuals - e.g., in PIN

4454, a skeleton of M. primigenius from the

Novopetrovskoe locality in the Moscow region - a

facet for a rib head is formed on the upper edge of the

lateral surface of the first lumbar vertebra. The

description of the morphological transformations of

cervical, thoracic, lumbar and sacral vertebra in

mammothcalves that is to followis based on vertebrae

of skeletons that belong to a newborn and to calves

aged threeto fourand six to seven years,
all from Sevsk

(PIN 4353).

In theskeleton of a newborncalf the first to sixth cervi-

cal vertebraeare preserved (PIN4353-2614,2461,2321,

2615,2623,2556). The sum ofthe lengths ofthe ossified

vertebral bodies is 42.6 mm. At this ontogenetic stage,
there are no ossified epiphyses of vertebral bodies on

the vertebraeof the cervical and all other regions. The

vertebral body is itself an ossification centre in the

process of formation.The neural arch is not fusedwith

the proximal surface of vertebral body. The thoracic

region comprises eighteen vertebrae. Evidently, either

the first or the second vertebra oftheregion ismissing

(PIN 4353-1625, -1621, -2623, -2624, -2629 to -2640,

-2644, -2645). The sum of the lengths of the vertebral

bodies isabout313 mm. The lumbarand sacral regions

comprise four vertebras each. (PIN 4353-2640to -2643

and PIN 4353-2646to -2649, respectively). The sums of

the lengths of the vertebral bodies in these regions are

72 mmand 73 mm respectively. If theabsence of one or

two vertebralbodies is taken into account, the length
of the vertebral column (from the cervical up to and

including the sacral region) may have been ca. 530

mm. The cervical region takes up 13.6% of the total

length of the column, the thoracic region 59%, and the

lumbar as well as the sacral region 13.6%. The

estimated length of the vertebral columnincluding the

non-preserved cartilaginous parts of the vertebral

bodies is twenty to thirty percent greater and wouldbe

about 670 to 770 mm (Vereshchagin, 1981; Kuzmina,

1999; Kuzmina & Maschenko, 1999). This estimate is

based on X-ray photos of mammoth calf cadavers

younger than one year.

In the skeletonof a one-year-old calf, all seven cervical

vertebrae are preserved (PIN 4353-923 to -926, -929).
The sum of their lengths is 121 mm. The thoracic

region (PIN 4353-934 to -951, -955, -956) comprises of

nineteen19 vertebrae.To judge by complete skeletons

ofadult mammoths, all thoracic vertebrae are preser-

ved (Zalensky, 1903). The sum of their lengths is ca.

530 mm. The lumbar and sacral regions consist of four

vertebrae each (PIN 4353-952 to -954, -957, and PIN
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4353-958 to -961). The lengths of these regions are 103

mmand 106 mm respectively. The length of the verte-

bral column(from the cervical up to and including the

sacral region) is 860 mm. The cervical region takes up

14% of the total length of the vertebral column, the

thoracic region 61.8%, the lumbar region 12%, and the

sacral region 12.2%. The estimated total length

including cartilage is 1100to 1120 mm.

In the three- to four-year-old calf, the epiphyses of the

vertebral bodies were evidently not ossified, as was

the case at the two previous stages. All seven cervical

vertebras are preserved (PIN 4353-505 to -509). The

sum of the lengths of their ossified bodies is ca. 148

mm. Thereare twenty vertebras in the thoracic region

(PIN 4353-510 to -530); the sum of their lengths is 623

mm. All vertebrashave facets for rib heads (either on

the lateral surfaces of the neural arch pedicles, or on

the vertebral bodies), so their pertinence to the thora-

cic region may be established reliably (figs. 24, 25).
There are twenty rib pairs that correspond to them.

The four lumbarvertebras withoutfacets for ribs (PIN
4353-531 to -533, -527) add up to a length of 132 mm.

The sum of the lengths of the four sacral vertebrae

(PIN 4353-534 to -537) is 29 mm. The total length ofthe

vertebral column is 1032 mm, of which the cervical

region constitutes 14.3%, the thoracic 59.7%, and the

lumbar and sacral regions 13% each. The non-ossified

partsof the vertebras taken intoaccount, theestimated

length of the vertebral column of this individual is

1330 to 1340 mm.

In the skeleton of a six- to seven-year-old individual

six cervical vertebras are preserved (PIN 4353-633,

-664, -671, -668, -130, -661). The sum of the lengths in

this region (including the length of the missing sixth

vertebra) is ca. 190mm. In the thoracic region eighteen
vertebras are preserved (PIN 4353-235,-240, -646, -261,

-289, -632, -633, -635, -641, -643 to -645, -647, -650, -776,

-1061, -1062, -1071). The sum of the lengths of these

vertebras is 760 mm. Together withoneor two missing

vertebras, this sumwould have been800-820mm. The

lumbar and sacral regions consist of four vertebras

each (PIN4353-634,-642, -752, -649and PIN 4353-1028,
-651 to -653 respectively). The length of each of these

regions is approximately 160 mm. The total length of

the vertebral column is 1310 to 1330 mm, 14.4% of

which is takenup by the cervical region, 61.6% by the

thoracic region, and 12% by the lumbar as well as by
the sacral region. The estimated length of the vertebral

column ofthis individual, the non-preserved cartilage
of the vertebral bodies taken into account, is about

1600 mm.

Changes inarea and position of the vertebral growth
zones and sequences of morphological transforma-

tions are well expressed at all four stages of postnatal

ontogenesis described in this work (newborn, one

year, three to four years, six to seven years). The

process of ossification ofthe epiphysis may be illustra-

ted by vertebrae with fused apophyses (PIN 4353-

2856, -2734). The epiphysis (initially ring-shaped) ossi-

fies fromlateralparts toward the center (fig. 25a: 4; fig.

M

primigenius:

Fig. 27. The formation of the thoracic vertebra of an adult

De vorming vanborstwervels bij een volwassen M. primigenius:
PIN 4353-3690 (tweedeborstwervel) en PIN 4353-2734 (borstwer-

vel), vindplaats Sevsk, regio Bryansk, vooraanzicht (a, d) en zijaan-
zicht (b, c). In de eerste is de benigeapophyse gevormd, maar nog

niet gefuseerd met het doornuitsteeksel;in de tweede is de benige

apophyse van het dwarsuitsteeksel gevormd, maar de naad tus-

sen het uitsteeksel en zijn apophyse is
nog zichtbaar, a, b: 1 =

voorste gewrichtsvlak; 2 =benige apophyse van het dwarsuit-

steeksel; 3 = achterste gewrichtsvlak; 4 =epiphyse van wervelli-

chaam; 5 = gewrichtskam voor ribhoofd tussen voorste en

achterste groeves; 6 = achterste gewrichtskom voor ribhoofd; 7 =

idem, voorste; 8 = doornuitsteeksel;9 = apophyse van doornuit-

steeksel; 10 = naad tussen doornuitsteeksel en zijn apophyse; 11 =

dwarsuitsteeksel. c, d: 1 = doornuitsteeksel; 2 = dwarsuitsteeksel;

3 = voorste gewrichtsvlak; 4 = been vanwervelboog; 5 =opening
naar ruggemergskanaal;6 = achterste gewrichtsvlak; 7 = wervelli-

chaam; 8 = opening in het centrum van onvolledig gevormde

epiphyse van wervellichaam; 9 = gewrichtskom voor ribhoofd aan

de basis van de wervelboog; 10 = apophyse van dwarsuitsteeksel;

11 = epiphyse vanwervellichaam; 12 = naad tussen dwarsuit-

steeksel en zijn apophyse.

PIN 4353-3690 (second thoracic vertebra) and PIN

4353-2734 (thoracic vertebra), Sevsk locality, Bryansk Region,
front view (a, d) and side view (b, c). In the first, the ossified

apophysis is formed thoughnot yet fused to spinous process; in

the latter, the ossified apophysis ofthe transverse process is

formed, but the suture between the process and the apophysis still

persists, a, b: 1 = cranial articular facet; 2 = ossified apophysis of

transverse process; 3 = caudal articular facet; 4 = epiphysis of

vertebral body; 5 = articular crest for rib head between cranial and

caudal fossae; 6 = caudal articular fossa for rib head; 7 = cranial

articular fossa for rib head; 8 = spinous process; 9 =apophysis of

spinous process; 10 = suture between the spinous process and its

apophysis; 11 = transverse process. c,
d: 1 = spinous process; 2 =

transverse process; 3 = cranial articular facet; 4 = neural arch leg; 5

= opening to cerebrospinal canal; 6 = caudal articular facet; 7 =

vertebral body; 8 = openinginthe centre of incompletely formed

epiphysis of vertebral body; 9 = articular fossa for rib head on

base of neural arch base; 10 = apophysis of transverse process; 11

= epiphysis of vertebral body; 12 = suture between transverse

process and apophysis.
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27d: 8). During the early postnatal ontogenesis the

growth zones on thecranial and caudalsurfaces ofthe

vertebral bodies leave behind a relief in the shape of

tubercles and a tuberosity with numerous foramina

for small blood vessels (fig. 24a: 4; fig. 25a: 4; figs. 27a,

28a, 29a and 29c).

The formation process of the vertebral body may be

illustratedwith changes of the area occupied by the

compact layer. In a newborn calf vertebra, almost the

entire surface of the body is free of materiacompacta.
The only area where the layer is formedsurrounds the

ventralsurface of the vertebra (PIN 4353-2633, fig. 29).
At theage ofthree to four years, the area covered with

materia compacta is much greater, the layer reaches

1-1.5mm in thickness and covers practically the entire

ventralsurface of the vertebral body (figs. 27a, 27b: 7).
The compact layer on the vertebrasofadults usually is

not thicker than 1.5 mm.

At the age of six to seven years the apophyses of the

dorsal transverse and spinous processes remain unfu-

sed. To judge by the relief, the growth zone - of which

the apophysis was initially the centre - is situated here

(fig. 24a: 8). The fusion of the apophyses of the trans-

verse and spinous processes was asynchronous. The

apophyses of the transverse processes are the first to

fuse, the suture between them and the transverse

process persists until the
age

of fifteen to seventeen

years (PIN 4353-3690, fig 27a, b: 2). The apophyses of

the spinous processes fuse later,evidently after twenty

M. primigenius thoracic vertebrae from Sevsk

locality, Bryansk region: PIN 4353-2632,newborn calf, front view

(a) and side view (b), and PIN 4353-527, 1-year-old calf, front

view (c) and side view (d). 1 = vertebral body; 2 = spinous

process; 3 = neural arch; 4 = transverse
process; 5, 6 = cranial

articular facet; 7 = same, caudal; 8 = caudal articular fossa for rib

head; 9 = same, cranial; 10 = articular crest for rib head between

cranial and caudal fossae; 11 = neural arch leg; 12 = materia com-

pacta onthe lateral part ofthe vertebral body.

Fig. 29. Structure of

M. primigenius borstwervels, vindplaats Sevsk, regio

Bryansk: PIN 4353-2632,pasgeborenkalf, vooraanzicht (a) enzij-
aanzicht (b), enPIN 4353-527, jaarling, vooraanzicht (c) en zijaan-
zicht (d). 1 = wervellichaam; 2 = doornuitsteeksel;3 =

wervelboog; 4 = dwarsuitsteeksel;5, 6 = voorste gewrichtsvlak; 7

= idem,achterste; 8 = achterste gewrichtskom voorribhoofd; 9 =

idem,voorste; 10 = gewrichtskam voor ribhoofd tussen voorste en

achterste kommen; 11 = wortel vanwervelboog; 12= compact
beenweefsel aanzijkant vanwervellichaam.

Bouw van

Fig. 28. Formation of vertebras of Sevsk locality,

Bryansk region: fourth sacral vertebra ofa 1-year-oldcalf (PIN

4353-959,side view (a) and front view (b)) and sacrum of an adult

individual (PIN 4353-3722, side view (c) and ventral view (d)). 1 =

body of first sacral vertebra; 2 = body of second sacral vertebra; 3

= completely fused bodies of third and fourth sacral vertebrae; 4 =

neural arch; 5 = spinous process of first sacral vertebra; 6 =

completelyfused caudal and cranial articular processes; 7 =

proliferated bases of neural arch legs of adjacent vertebrae; 8 =

spinous process; 9 = cranial articular facet; 10 = caudal articular

facet; 11 = cranial articular processes; 12 =opening of

cerebrospinal canal; 13 =opening between vertebral bodies and

fused bases of neural arch legs; 14 = intervertebral sutures; 15 =

transverse process.

M. primigenius,

M. primigenius,

Vorming vanheiligbeenwervels bij vindplaats
Sevsk, regio Bryansk: vierde heiligbeenwervelbij een 1 jaar oud

kalf (PIN 4353-959, zijaanzicht (a) en vooraanzicht (b)) en heilig-
been vaneenvolwassen individu (PIN 4353-3722, zijaanzicht (c)
en onderaanzicht (d)). 1 = lichaam vaneerste heiligbeenwervel; 2

= idem, van tweede; 3 = volledig vergroeide lichamen van derde

en vierde heiligbeenwervels; 4 = wervelboog; 5 = doornuitsteeksel

vaneerste heiligbeenwervel;6 = volledig vergroeide achterste en

voorste gewrichtsuitsteeksels; 7 = vergrote bases vanwortels van

wervelbogen vannaastgelegenwervels; 8 = doornuitsteeksel;9 =

voorste gewrichtsvlak; 10 = achterste gewrichtsvlak; 11 = voorste

gewrichtsuitsteeksel; 12 = ruggemergskanaalopening; 13 =

ope-

ningtussen wervellichamen en vergroeidewortels vanwervel-

boog; 14 = tussenwervelnaden; 15 = dwarsuitsteeksel.
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years, and the suture betweenthe processus spinosus
and the apophysis persists for a long time (PIN 4353-

3690, fig. 2b: 9).

The rib facets are formed on all thoracic vertebras by
the

age of one year (PIN 4353-934 to -951). In a one-

year-old calf from Sevsk the first seventeen thoracic

vertebras bear two facets: the fovea costalis cranialis

and the fovea costaliscaudalis. They are situated at the

bases of the lateral parts of the neural arch and parti-

ally extend to the vertebralbody (fig. 25b: 2). Inadult

individuals these facets are separated by a vertical

crest (fig. 25b: 5). The anteriorfacet ofone vertebra and

the posterior facet of the previous oneform acomplete
fossa for articulation of a rib head. The two poste-

riormost thoracic vertebras have only one facet, situa-

ted in the middleof the lateralsurface at the footof the

neural arch (fig. 25b: 2; fig. 27c: 9).

The ventral and dorsal surfaces of a spinous process

have two articular surfaces each: the facies articularis

cranialis and the fades articularis caudalis. They are

situated on the processus
articularis cranialis and

processus articularis caudalis respectively. The posi-
tions of these cranial and caudal articular facets are

roughly the same in thoracic and lumbar vertebrae

and are similar in calves and adult individuals (figs.
24-27and 29). In E. maximus and L. africana the caudal

articular process of trunk vertebrae is partly fused

withthebase ofthe spinous process that forms its dila-

tations. The caudal articular facets are situatedon the

dorsal surface of these prominences (fig. 24b, c: 3; fig.
26b: 7).

Neural arches fuse with the bodies of trunk vertebrae

at later ontogenetic stages. At the
age

of fifteen to

seventeen years
the arches of all trunk vertebrae

remainunfused. The relief on the feet of neural arches

and the corresponding facets on the upper surfaces of

the vertebral bodies suggests the presence of cartilage

(fig. 24b: 11; fig. 25a: 11; fig. 29a, c: 11). The morpho-

logy of this zone changes at different stages of post-
natalontogenesis. In anewborncalf, facets are formed

on the basis of the foot of the neural arch (pediculus
arcus vertebrae) and the corresponding facet on the

vertebral body (fig. 29a: 3,11). By the age of one year

they are already formed and remainwithoutchanges
until the

age of six to seven years (PIN 4353-641 to

-644). At theexpense of proliferation at theage
ofthree

to four years,
the footof theneural arch begins to form

small areas in the dorsalpart of the anteriorand poste-
rior surfaces of the vertebralbody (fig. 24b: 10,11) and

by six to seven years a suture is formed on the border

between the neural arch foot and the vertebral body.
The bodies of sacral vertebras do not fuse with each

other until the age of seven to ten years (fig. 28). Ossifi-

cation of the epiphyses of the sacral vertebras takes

place in 3 similarway as and simultaneously with that

of the thoracic and lumbar vertebras. The growth
zones are situatedon the cranial and caudal surfaces of

the vertebralbody and betweenthesurface ofthe body
and thebases of the neuralarch feet. Betweenseven to

ten and fifteen to seventeen years
the ossified epiphy-

ses of the sacral vertebras fuse with each other but

remain unfused with the bodies of the corresponding
vertebras. Initially persisting sutures between two

adjacent vertebral epiphyses later disappear (PIN
4353-3722, fig. 28c, d: 14). The process of fusion of the

vertebral bodies with each other and with their

calf from Yamal

Peninsula. a: 1 = ossification centre of ventral arch; 2 = dorsal

arch; 3 = fovea articularis atlantis; 4 = ventral (cartilagineous)

arch; 5 =

process homologousto diaphysis; 6 = nutritive foramen;

7 = transverse foramen; 8 = suture between right and left halves of

ossified dorsal arch; 9 = dorsal tuber, b: 1 = vertebral body; 2 =

neural arch; 3 = caudal zygapophysis; 4 = dorsal transverse

process; 5 =paired tuber of dorsal plate; 6 = vertebral foramen;7 =

transverse foramen; 8 = suture between right and left halves of

neural arch; 9 = dorsal tuber; 10 = cartilagineous part ofvertebra;

11 = rostro-caudal proliferation of neural arch legs that participate
in shaping the caudal facies articularis; 12 = vertebral body
surface covered by cartilago; 13 = same, not covered.

Atlas (a), ZIN 34201(5), vooraanzicht,en draaier (b), ZIN 3420(6),
achteraanzicht, vaneenM. primigenius

Fig. 30. Atlas (a), ZIN 34201(5), cranial surface, and axis (b), ZIN

3420(6), caudal surface, of a M. primigenius

kalf van het schiereiland

Yamal. a: 1 = beenvormingskern van onderste boog; 2 = bovenste

boog; 3 = gewrichtskom; 4 = onderste (kraakbenige) boog; 5 = uit-

steeksel homoloogaan eenschacht; 6 = voedingskanaal; 7 =

dwarskanaal; 8 = naad tussen linker enrechter helft van de ver-

beende bovenste boog; 9 = bovenste knobbel, b: 1 = wervelli-

chaam; 2 = wervelboog; 3 = achterste zygapophyse; 4 = bovenste

dwarsuitsteeksel; 5 = gepaarde knobbel vanbovenste plaat; 6 =

ruggemergskanaal; 7 = zijopening; 8 = naad tussen rechter en lin-

ker helft van wervelboog; 9 = bovenste knobbel; 10 =kraakbenig
deel; 11 = uitbreidingvanwervelboogwortels die deel uitmaken

vanhet achterste gewrichtsvlak; 12 = oppervlak vanwervelli-

chaam, bedekt door kraakbeen; 13 = idem,niet bedekt.
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epiphyses proceeds from the first sacral vertebratothe

fourth. Fusion of vertebral bodies in other regions of

the vertebral column, as observed in vertebras of one

individual (PIN 4454), should be considered as

age-related pathology.

The shape of the sacral vertebras differs from that of

the vertebras of all other regions (fig. 28a, b): their

postzygapophyses are oriented almost vertically (the
surfaces are strongly inclined), the vertebral body is

shallower (the ventral surface is flattened, the dorsal

surface semicircular, with facets for the neural arch

feet), the transverse process is situated at the base of

the neural arch feet, and the feet are transversely
widened. The neural arches become ossified most

probably at the end of the prenatal ontogenesis (PIN
4353-2646 to -2649). By the ageof six to seven years

the

lateral surfaces of the neural arches are widened and

thearch foot bases fuse to form facets for the insertion

of pelvic ligaments in adult animals (fig. 28c: 15).

Evidently after the
age of ten years, fusion of the

neural arches takes place, beginning with the caudal

articular facets of onevertebra and the cranial articular

facets of the next one (PIN 4353-3722, figs. 28a, b, c: 5,6,

7). In sexually mature individuals (over twenty?)
transverse processes also fuse, so that the sacral bone

consists of fused vertebral bodies and partially fused

neuralarches (figs. 28c, d). Inoldanimals(over forty to

forty-five years) the first sacral vertebra sometimes

fuses with the last lumbar vertebra and, similarly, the

last sacral vertebra may fuse with the first caudal one,

so that the sacral bone may comprise five to six verte-

brae (PIN 4454).

No data is available on the fusion of the sacral bone

with the articular facets on the internal surface of the

ilium. The ligaments attached to the facets on the

lateral surfaces of theneuralarches of the sacral verte-

bras do not become ossified. The facets are formed

before the complete fusionof the sacral vertebraswith

each other (PIN 4353-3722).

The first cervical vertebra (atlas)

Morphology and formation process of the atlas differ

from those of trunk vertebras in some important

respects. At the beginning ofpostnatal ontogenesis the

amount of cartilage in the atlas is relatively large. The

ventral arch, which comprises a small ossification

centre (homologous to the vertebral body), totally
consists ofcartilage. The growth zone between the left

and right parts of the dorsal arch also comprises carti-

lage. To judge by the material available, the ventral

arch to a large extent consists of cartilage until the
age

of six to seven years. Theossification process begins in

the ossification centre and develops in lateral

directions. The part of ventral arch that closes the

transverse foramenventrally and laterally is the last to

become ossified. After the ageof thirty theentire atlas

is ossified. The epiphysis on the completely ossified

process whichis homologous to the diaphysis remains

unfused. In femalesthis epiphysis fuses earlier than in

males, i.e., at the age of twenty-five(?) to thirty and

thirty-five(?) to forty years respectively. Data on the

dimensions of the ventral arch of the atlas in

mammothcalves from Sevsk thatrepresent thefirst six

to seven years ofpostnatal ontogenesis is given in table

17.

Specimen ZIN 34201(4) isa complete atlas withacarti-

laginous ventral arch. It belongs to theskeleton of aca.

one-month-oldcalf cadaver (fig. 30a) (Vereshchagin &

Tikhonov, 1990; Hamada et al, 1992; Kuzmina &

Maschenko, 1999). The dorsal arch, the ossification

centre of the ventral arch and the upper part of the

process which is homologous to the diapophysis are

ossified (fig. 30a: 1,2,5). The upper part of the process
closes the transverse foramen dorsally. The medial

part of the process (homologous to the parapophysis)
remains cartilaginous. The surface of theossification

centre (20 x 1.5 mm) that protrudes from the cartilage
of the ventral arch has onelarge (1.5 x 1 mm)and many

small foramina (figs. 30a, b). The contact area between

the cartilaginous and bony parts of theatlas is uneven,

which is typical of a growth zone. The surface of the

dorsal arch practically lacks materia compacta. A

middle suture separates the left and right parts of the

dorsal arch (fig. 30a: 8). The dorsal articular facet is

slightly concave and separated from the rest of the

Fig. 31. Structure ofthe atlas of calves ofdifferent

ages from Sevsk locality, Bryansk region, front view, a = PIN

4353-2614,newborn calf; b = PIN 4353-926, one-year-old calf; c

= PIN 4353-503,3to 4-year-old calf; d = PIN 4353-664,6to 7-year-
old individual. Scale bar: 3 cm. 1 = dorsal tuber; 2 = dorsal arch; 3

= fovea articularis atlantis; 4 =

process homologousto

diapophysis; 5 = transverse foramen; 6 = suture between right and

left halves of ossified dorsal arch; 7 = reconstructed contour of

ventral arch; 8 = dorsal outgrowth of articular fovea; 9 = canal

between (8) and ventral outgrowth of (1).

M. primigeniusBouw van de atlas van

M. primigenius

kalveren vanverschillende

leeftijden, vindplaats Sevsk, regio Bryansk, vooraanzicht. a = PIN

4353-2614,pasgeboren kalf; b = PIN 4353-926, jaarling; c = PIN
4353-503,3-4jaar oud kalf; d = PIN 4353-664,6-7jaar oud kalf.

Maatstreep 3 cm. 1 = bovenste knobbel; 2 = bovenste boog; 3 =

gewrichtskom; 4 = uitsteeksel homoloog aaneen schacht; 5 =

dwarskanaal;6 = naad tussen rechter en linker helft van

verbeendebovenste boog; 7 = gereconstrueerdeomtrek van

onderste boog; 8 = uitgroei van gewrichtskom; 9 = kanaal tussen

(8) en uitgroei van (1).
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surface of the dorsalarch. It constitutes the lowerpart
of the dorsal arch and contacts immediately with the

cartilage of the ventral arch (fig. 30a: 3).

In sp. PIN 4353-2614, the atlas of the skeleton of a

newborn calf (fig. 31a), an ossified dorsal arch is

preserved thatexhibits the same morphological pecu-

liarities as sp. ZIN 34201(4). At the stages of one year

(PIN 4353-926), threeto four years (PIN 4353-503), and

six to seven years (PIN 4353-633), only the ossified

dorsal arch is usually preserved. The degree of ossifi-

cationis greater at each following stage (figs. 31b, c, d).
It is possible that the ossification centre of the ventral

arch begins to grow one month after birth or later. A

gradual formation of a canal between the ventral

outgrowth of the dorsal tubercle and the dorsal

outgrowth of the fovea articularis atlantis (fig. 31: 8)
takes place during ontogenesis. After six to seven

years its walls are ossified almost completely (fig. 31d:

9) and only an insignificant part of the walls of the

transverse foramenpreserves cartilage (fig. 31d: 5).

The second cervical vertebra (axis)

At the begining of postnatal ontogenesis, the

formation process of the body of the neural arch of the

axis looks like those found in the trunk vertebras

rather than like that in the atlas. At this ontogenetic

stage it consists of an ossified dorsal arch (which

comprises two parts that come into contact in the

region of the dorsal tubercle) and a vertebralbody (fig.

30b). The transverse process is formed by two proces-

ses: an ossified dorsal transverse process (by the

beginning of the postnatal stage) and a cartilaginous
ventral process (fig. 30b: 10). These processes close to

shape the transverse foramen.The growth zones of the

axis are situated between the two halves of the verte-

bral arch and betweenthe vertebral arch feetand the

vertebral body. At the beginning of postnatal

ontogenesis, the latter itself is an ossification centre of

the growth zone. The proximal part of the vertebral

body with the facies articularis superior is formed at

the expense of the outgrowth of the feet of the verte-

bralarch. The dimensionsof axes of mammothcalves

from Sevsk are represented in table 18.

In sp. ZIN 34201(6), the axis of an approximately one-

month-old calf cadaver (fig. 30b), the cartilaginous

parts are preserved. The neural arch and the vertebral

body are ossified. Cartilage remains in the growth

zone between theright and leftparts of theneuralarch

(fig. 30b: 8) and between the feet of the vertebral arch

and thebody of the vertebra. The non-ossified epiphy-
sis on the caudal surface of the vertebral body is ring-

shaped. Theossified and non-ossified parts contribute

equally to the formationof the transverse process (fig.
30b:4,7,10). The outgrowth ofthe cartilaginous part of

the footbase is possibly homologous to a rudimentary
rib. The postero-anterior diameter of the neural arch

foot is greater than the same diameterof the vertebral

body. The footofthe vertebralarch forms the proximal

part of the cranial articular facet on the cranial surface

of the vertebralbody, and the distalpart of the caudal

articular facet on the caudal surface (fig. 30b: 11). The

vertebralbody at this stage isrepresented by an ossifi-

cationcentre which is almost completely embeddedin

cartilage. Only the central region of its anterior and

posterior surfaces is free of cartilage (fig. 30b: 12,13).
These regions exhibit the porous uneven structure of

the centre with numerous tiny nutritive foramina.

The neuralarch oftheaxis ofa newborncalf is subdivi-

ded into two parts separated by a suture between two

paired tubercles of the dorsalplate (fig. 32a: 2,5,8; the

vertebral body is a separate specimen, PIN 4353-2422,

and is not depicted). The materia compacta is absent

on the entiresurface of the proximal part of theaxis. It

is present on the lateral surfaces of the neural arches,
where its thickness reaches 1 mm. The caudal articular

calves of different

ages, Sevsk locality, Bryansk region: a = PIN 4353-2493,newborn

calf, posterior view; b = PIN 4353-922,one-year-old calf, front

view; c = PIN 4353-503,3-to4-year-old calf, front view; d = PIN

4353-664, 6- to 7-year-old individual, front view. Sale bar: 3cm. 1

= vertebral body; 2 = neural arch; 3 = caudal zygapophysis; 4 =

dorsal transverse process; 5 =paired tuber of dorsal plate; 6 =

vertebral foramen;7 = transverse foramen; 8 = suture between

right and left halves ofneural arch; 9 = dorsal tuber; 10 =

rostro-caudal proliferation of neural arch legs that participate in

shaping caudal facies articularis

kalveren van

verschillende leeftijden, vindplaats Sevsk, regio Bryansk: a = PIN

4353-2493,pasgeboren kalf, achteraanzicht; b = PIN 4353-922,

jaarling, vooraanzicht; c = PIN 4353-503, 3-4 jaar oud kalf,

vooraanzicht; d = PIN 4353-664, 6-7 jaar oud individu,

vooraanzicht. Maatstreep 3 cm. 1 = wervellichaam; 2 =

wervelboog; 3 = achterste zygapophyse; 4 = bovenste

dwarsuitsteeksel; 5 = gepaardeknobbels van bovenste plaat; 6 =

ruggemergskanaal; 7 = dwarskanaal; 8 = naad tussen rechter en

linker helft van de wervelboog; 9 = bovenste knobbel; 10 =

uitgroei van wortels van wervelboog die deel uitmaken van de

achterste gewrichtsvlakte.

Bouw van de draaier van

M. primigeniusFig. 32. Structure of the axis in

M. primigenius
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facets on postzygapophyses are incompletely formed.

The antero-posterior diameterof the vertebral body (9

mm) is smaller thanthe same diameterof thebases of

the neural arch feet (15 mm). There is practically no

materia compacta on the vertebral body. The body of

theaxis at this stage is formed to lesser extent thanthe

trunk vertebras of the same skeleton.

The bodies of the axes in sp. PIN 4353-925, a

one-year-old calf, and sp. PIN 4353-504, a three to

four-year-old calf, are not preserved (fig. 32b, c). Their

neural arches are morphologically similar. The

regions of the facet surfaces of the postzygapophyses
and the ossified part of the transverse process are

formed in a similar way as during early postnatal

ontogenesis (PIN 4353-2495). The facets for the feetof

the vertebral arch are clearly delimited.Bothhalvesof

theneural arch close tightly, the suturebetweenthem

is distinct (fig. 32b: 5). In the axis of a six- to seven-ye-

ar-old individual (PIN 4353-664, neural arch; PIN

4353-670, vertebral body) the parts of the neural arch

are fused, and the widthofthe suture betweenthem is

3-4 mm (fig. 32d: 8). The materiacompacta is well de-

veloped on the surfaces of the paired tubercles of the

dorsalplate, and similarto thaton the lateral surface of

the neural arch, but it is less thick on the tubercles

(about 1 mm).During the previous ontogenetic stages

no materia compacta was formed in theseregions. The

facets of the zygapophyses are completely formed.

The transverse foramen is largely (for about three

quarters) formed by the transverse process.
The

horizontal outgrowths of the feet of the neural arch

proliferate medially to fuse with each other (fig. 32d:

10). The feet of the vertebral arch play a major role in

the formationofthe cranialand caudal articularfacets.

The relief of the entire region of the anterior and

posterior surfaces suggests that the vertebralbody is

still functioning as an ossification centre and is embed-

ded in the growth zone (fig. 32d: 1). The

antero-posterior diameter of the vertebral body (30
mm) is smaller than the same diameter at thebases of

the feet of the vertebral arch (38 mm). In comparison
with the trunk vertebras, the formation process

of the

vertebral body in the axis develops with considerable

retardation.



49

Ontogenetic changes in teeth and skeleton

Age-related changes and periods of

ontogenesis
Isolated bones and teeth of mammoth calves were

compared to those in calf skeletons from the Sevsk

locality (newborn, one-year-old, three- to four-year-

old, and six- to seven-year-old calves). This data was

thencompared to morphological dataonadult indivi-

duals of M. primigenius, and the result suggests a

subdivisionof the ontogenesis ofthe species intothree

periods. These periods are not completely correlated

to the periods traditionally accepted for the ontogene-
sis of other mammals, yet seem to be adequately

grounded, for each one is specified by well-expressed

morphological changes.

The first stage the mammoth passed was that of

prenatal development and early childhood. It ended at

theend of the first year, during which intense growth

and substantial morphological and physiological

changes occurred. The second was that of childhood,

which was likewise characterized by a high growth

speed. The third stage then comprised early puberty

and puberty. This subdivision is certainly relative, but

it reflects very important intervals, during which

physiological changes occurred that can be traced in

morphological changes in skeletal material.

Three
very important periods of ontogenetic changes

in skeletal morphology are thus observed. The first

period covers the interval fromthe last prenatal stages

up to one year of postnatal development. Notwith-

standing the importance of the sharp difference

betweenprenatal and postnatal ontogenesis, the major

morphological changes in the structures of the dental

system, the skull, the lower jaw and the postcranial

skeleton, as they are known to have taken place in the

mammoth, began within the prenatal and ended

within the early postnatal stage. The concluding

stages of prenatal ontogenesis can thus be grouped
with the early postnatal ontogenesis. The second stage
covered the period from one year to six or seven years,

the third one lasted from the ageof six or seven years

until the end of the animal's life.

Basic morphological features of indi-

vidual developmental stages

On thebasis ofdata on morphological changes of sepa-

rate bones of M. primigenius and the time intervals

during which they took place, the following descrip-
tion of the three main developmental stages is

proposed.

During the first period, morphological changes are

mostly qualitative. They are connected with the rapid

formationof both already existing as well as new bony
structures of the skeleton and the first three tooth

generations. Quantitative changes, expressed in

growth of bones and changes of ratios between them

also occur during this period. However, qualitative

changes are dominant.

In the skull, the beginning of the first period is marked

by the disappearance of cartilage in the sutures

between the parietal, occipital and frontal bones and

the first appearance of air cells on the inner surface of

the frontal bones. The bones mentionedabove are not

completely fused and some cartilage tissue is still

preserved. By the end of the first period, the ossifica-

tion of the nasal bones ends, except for the nasal

protrusion.

During the first stage of individual development,

completely formed dp2 alveoli in theupper and lower

jaws exist. The teeth of the next generations (dp3 -

M3), donot havecompletely formed alveoli. From dp2
to M3, the alveolar wall between the teeth of subse-

quent generations becomes less expressed.

The alveolus of the deciduous tusk (di) is initially
formed by the premaxillary only. In the process

of

formation of the permanent tusks (I), the alveolus

gradually becomes a joint structure of the premaxillar
and maxillar bones. During this stage the proportions
of the alveolar and brain regions of the skull change

only slightly, for the formationof the permanent tusk

is not finished by the end of this stage and the tusk

remains inside the alveolus.

During the first stage, theproportions of the lower jaw

symphysis change, its relative length decreases and

the mental process is formed. The angle between the

interalveolar crest and the longitudinal axis of the

horizontal part of the mandibular ramus increases

following the increase in depth of the latter. Before the

end of the first year, the symphyseal suture between

the right and the left horizontalbranches disappears
and the completed dp2 alveolus resorbs.

The compact layer is formed on the long bones and all

vertebras. The bases of the neural arches and the

dorsal surfaces of the vertebral centres are formed at

theircontact level. The dorsalarch is solidifiedonly on

the atlas. By the beginning of this stage, the compact

layer of the long bones is already formedon themiddle

part of the shaft and on the formative
processes at the

ends. By theend of the first stage, the formationof the

shaft ends shaft is completed and the growth zones are

reduced to the area between the shaft ends and the

forming epiphyses. This conclusion is based on the

disappearance (within the period of the second to the

fifth postnatal month) of the additional nutritional

openings and grooves formed by the openings at the
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shaft ends, accompanied by a relatively rapid increase

in length. At this ontogenetic stage, the epiphyses are

represented by paired (humerus, femur) or single

(ulna, radius) small oval ossification centres. Simulta-

neously with the formationofthe compact layer on the

vertebras, the formationof the cranial and caudalarti-

culatory facets as well as that of the articulatory
notches for theribs on the vertebralbodies takes place.

During thesecond period (between one year and six to

seven years
ofage) the formationofmany structures of

the dental system, the skull, the lower jaw, and the

postcranial skeleton that started during the previous

stage continues and ends. The second stage includes

the final stage of childhood and ends long before the

end of early puberty. Qualitative and quantitative

changes in skeletal morphology are represented

equally, but quantitative changes are dominant by the

end of the second stage.

The proportions of the ventral (facial) and dorsalpart
of the skull and the lower jaw change considerably,
and so dothe proportions of partsof long bones. By the

end of this stage, the morphology of the skull, the

lowerjaw,and the postcranium in general acquires the

features of adults. Differences related to sexual

dimorphism are not very well expressed during this

period. Near the end of this stage, these differences

appear in an assemblage of features connected with

the growth oftusks and a more rapid change of dimen-

sions and proportions of the alveolar part of theskull

in males as well as in females. Differences between

males and females are either absent or insignificant.

Changes in the skull structure iniM. primigenius during
the second ontogenetic stage are expressed in the

proportions between its facial and dorsal parts. The

increased relative dimensions of the skull are caused

by the increase in tooth size, particularly of the third

generation teeth.Similarly, the change of proportions

of the palate and thealveolar part of theskull isrelated

to the growth of the permanent tusks (I).

During this stage, the part of the tusks that protrudes

beyond the alveolar border becomes longer than the

part contained within the alveolus. The formation of

the permanent tusks finishes mostprobably by theage

of two years. By the age of six to seven years, wear of

the tusk tip causes loss of the initial trisegmented
structure and the cross sections of the tusk approach a

circle. The tusk of a young mammothnear the end of

the second stage of ontogenesis does practically not

differ from the tusks of the adult. Further changes in

shape are connected withwearof the tusk tip, which is

on its turn determined by individual peculiarities in

the
ways the tusks are used and by the change of the

pulp cavity depth. The relative depth of the pulp

cavity diminishes during postnatal ontogenesis. By
the end of life the decrease of the pulp cavity depth
becomes absolute.

The shape of the occipital, frontal and parietal bones

changes according to the increase in skull height. Air

cavities of theadult type are formed in the frontal and

parietal bones. Simultaneously, skull bones fuse and

sutures between them disappear. By the ageof seven,

the cerebral partof the skull is completely formed and

resembles that in adult individuals. Traces of sutures

may persist only betweenpaired occipital bones. Simi-

larly, the proportions of the cerebral and facial parts

are approaching those of adults. The nasal bones are

completely ossified, including the nasal protrusion.

Morphological changes in the lower jaw pass two

stages. The first stage lasts untildp4 starts being worn

(up to two or two and a half years), and the second one

from two and a half to three years until six or seven

years,
when dp4 is fully functional. The end of this

stage is marked initialwear ofMl. Thefirst stage is not

accompanied by any significant change in the
propor-

tions ofthe lower jaw: the ratioofthe symphyseal part

to the horizontalbranch changes very little. With the

beginning of the second stage this relation changes.
When big third generation teeth (dp4) are formed at

the ageof two and a half to three years, theproportions
become similar to those observed in adults, at the

expense of growthof thehorizontalbranch. The ascen-

ding branch becomes more vertical. The change in its

orientation is best illustrated by the change of location

of the angle of the lower jaw and the vertical

orientation of the posterior edge of the ascending
branch. The symphyseal part shows proportions simi-

lar to those found in adult individuals. There is but

littlefurtherchange in the shape ofthe mentalprocess,

and obviously its furthergrowth is influencedmost by
the sex to which an individual belongs.

Fig. 33. Growth dynamics of calves of M. primigenius and Elephas
maximus during the first twoyears of life. 1,2,3= E. maximus

calves from differentzoos (data Reuther, 1969); 4 = mammoth

calves from Sevsk locality, Bryansk region: PIN 4353-2619 to

-2704, two weeks old; PIN 4353-871 to -986,12months old; PIN

4353-447 to -585, 3-4 years old

Groeicurves vankalveren vanM. primigenius en de Indische oli-

fant E. maximus gedurendede eerste twee levensjaren. 1,2,3= E.

maximus kalveren uit verschillende dierentuinen (gegevens uit

Reuther, 1969); 4 = mammoetkalveren uit Sevsk: PIN 4353-2619

tot - 2704, twee weken oud; PIN 4353-871 tot -986, jaarling; PIN

4353-447 tot -585, 3-4 jaar oud. Vertikaal: shouderhoogtein cm,

horizontaal: leeftijd in maanden
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During the second ontogenetic period, the formation

of the compact layer over the shaft surface of the long

bones is completed. The growing ossification centres

reciprocally fuse in femur and humerus. The single

ossification centres in the ulna and tibia growto form

the shaft, so that the ossified non-fused epiphyses are

formed independently of the shaft, with well-expres-
sed epiphyseal sutures. By this time, the remaining

portion of cartilage in the proximal and distalparts of

the long bones becomes insignificant. The relations

between portions in the different parts of the long

bones apparently donot change after the age
of three

to four years has been reached.

On the vertebras, the formation of the compact layer
continues on the neural arches and the centres, parti-

cularly in the middleof the dorsalsurface of the latter.

At the age of three to four years,
the compact layer on

the surface of the vertebral centres is similarto that in

adult individuals. The bases of the neural arch pedi-
cles extend in rostro-caudal and medial direction.

From this time on, they formsmall areas on the dorsal

partof theanteriorand posterior surfaces of the centre.

The neural arch remains unfused with the centre. The

formation of the spinous process
and the transverse

processes continues at the expense of the non-ossified

apophyses at their ends. The anterior and posterior

epiphyses of the centre remain non-ossified. The

dorsalarch of the atlas remains cartilagenous, and the

part that forms a process which is homologous to the

transverse process, is reduced during the entire

second period of ontogenesis.

During the third ontogenetic period, which begins at

six to seven years and continues until maturity, quan-

titative changes in all previously formed skeletal

structures and in the dentition prevail. Only a few

changes, which are completed during this period, are

qualitative.

The formation of all bones of the skull, the lower jaw
and the postcranial skeleton ends. The only exception

are the teeth of the fifth and the sixth generations, the

formationofwhich continuesduring a long time inter-

val. The process, however, begins and continueschie-

fly during the second ontogenetic period.

During the third stage, the growth speed slows consi-

derably. InM. primigenius females it finishes by theage

of nineteento twenty years, and by thirty to thirty-five

years inmales.

Changes in the morphology of the facial part of the

skull predominantly consist of the change in the

proportions of the facial and cerebral parts of the skull

and the growth ofthe tusks. Theoverall dimensionsof

the alveolar part increase considerably. No structural

changes in permanent tusks occur, but their size and

weight increases both. The relative size reduction of

the pulp cavity continues.The formationof the tempo-

ral lines on the occipital bones of the cerebral part of

the skull also continues. These changes are connected

first of all with the sex of the individual but may vary

greatly both in males and females. The same is valid

for the size and shape of thenasalbone process, which

is larger in males.

The change in proportions of the lower jaw is relati-

vely insignificant. The growth of thehorizontalbranch

practically stops becauseof insignificant differences in

size between the teeth of the Ml to M3 generations.
The overall dimensions of the lower jaw evidently

grow gradually until the age of fifteen to seventeen

years. At the end of the ontogenesis, when the last

generation tooth(M3) is more than onethird worn, the

absolute decrease in depth of the horizontal branch

begins.

In females, some growth zones in the long bones

disappear by the age
of fifteen to seventeen years.

After the epiphyses are completely formed, they fuse

with the shaft, and thesutures are completely oblitera-

ted. The formation of non-ossified apophyses and

epiphyses of the vertebral centres continues. Their

ossification begins at the age of twelve to seventeen

years and is initially incomplete. Their fusion, howe-

ver, is completed much later, not before twenty years
at least. After six to seven years, the ventral arch ofthe

atlas has ossified completely, and the ossification of

other cartilaginous parts continues. After fifteen to

seventeen years, the neural arches and centres of the

sacral vertebras fuse. After the
age

of thirty to forty, a

complete fusion of two or three vertebras in the thora-

cic and lumbar regions may take place.

Growth peculiarities during the first

years of life

Individual
age, sex and size variability in M. primige-

nius are correlated. In spite of the fact that featuresof

sexual dimorphism in the mammoth appear only at

the beginning of puberty, size differences and indivi-

dual variability are already present during the earliest

stages. Population-bound differences indirectly affect

variability. Serial skeletal materialofmammothcalves

allow one to observe peculiarities of mammoth

growth in the form of changes in size of postcranial
bones during different life periods. Differences in size

between mammoth males and females, similar to

those in modernelephants, as well as differencesin the

timeof fusionofthe epiphyses of long bones havebeen

extensively studied (Baryshnikov et al., 1977; Haynes,
1991; Averianov, 1996; Lister, 1999). On the other

hand, no data on the growth of mammoth calves

during their first years had been available before the

excavation of the Sevsk material, and the only criteria

for the determination of the individual age of

mammoth calves were based on their dentition. Some

arbitrary cases of individual age determination are

considered below.

A body of a mammothcalf from the Yamal Peninsula

(specimen ZIN 34201) poses a complicated problem
for individual age determination(Tikhonov & Khra-

bry, 1989; Vereshchagin & Tikhonov, 1990; Hamadaet
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ah, 1992; Kuzmina, 1999; Kuzmina & Maschenko,

1999). To judge by the stage of formation and wear of

bothdp2, the individualage may be determinedas one

month. The teeth are covered with cement and their

four anterior plates are touched by wear. Data on the

beginning of wear of dp2 in calves of modernL. afri-
cana testifies that the process begins simultaneously
with the eruption of the tooth from the soft tissues of

the gumas the calf tries to taste the food of the adults,

which begins two weeks afterbirth (Sikes, 1966;Doug-
las-Hamilton& Douglas-Hamilton, 1975; Shoshani et

al., 1990). Comparable data exists on the beginning of

wear in dp2 of E. maximus (Roth& Shoshani, 1988). It is

highly probable that this data may be extrapolated to

M. primigenius inasmuchas wear in dp2 begins before

the completion ofthe crown formation, as was illustra-

ted in the section dedicatedto the formationof thefirst

tooth generation. A small body size of the calfallows

the assumption that the tooth began to function at the

same time as, or, more probably, earlier than in

modern elephants.

The body size of the Yamalcalf is smaller than that of

the two-weeks-old calf from the Sevsk locality (table

19). Some important differences exist between the

body proportions of the Yamal calf and those of the

Magadan calf (specimen ZIN C 70188) (Vereshchagin,

1989). It appears that the Magadan calf has a shorter

body and longer legs than the Yamal calf (Kuzmina,

1999). However, comparison with the dimensions of

the long bones of a newborn calf from Sevsk reveals

less significant differences. Data on cadavers and

complete skeletons of mammoth calves suggests that

M. primigenius calves, similar to modern elephants,
had a relatively short and high body. On the contrary,
the body height of the Yamal calf is smaller than its

length (Tikhonov & Khrabry, 1989; Vereshchagin &

Tikhonov, 1990). The extremities of the Yamal calf

cadaver appear to be relatively shorter than might be

expected if one considers the proportions of other calf

cadavers and skeletons. Such proportions are close to

those of elephant foetusses. Even during the last

prenatal months, modern elephant foetusses show a

relatively long body in comparison with their height

(Ananthanayana & Mariappa, 1950; Frade, 1955; Beyer
et al, 1990). This fact, combined with the small body

size, gave rise to the suggestion that the Yamal speci-
men is a cadaver of an unborn calf. However, after

tomographic study of the lungs this hypothesis was

rejected: the lungs showed traces of normal respira-
tion (Hamada et al., 1992).

The small size of the Yamal calf and its foetal propor-

tions probably result from an individual develop-
mental deviation, i.e., from a premature birth. The

effect ofnutritionon the growth speed can be seen in a

slow growth in the case of malnutrition, as well as ina

retardationof bone formationand a late fusion of sutu-

res, as isknownfor othermammals(Chervinsky, 1949;

Lister, 1999). The small size of theYamalcalf may be an

indication of a first birth given by a mammoth cow.

This peculiarity is typical both of M. primigenius and

modern of elephants. The first calf in L. africana is

known to be 15% smaller than all subsequent ones,

and deaths at birth or soon after birth are also more

frequent for first births in this species (Douglas-Ha-
milton& Douglas-Hamilton, 1975).

Another example of arbitrary identification of indivi-

dual age is provided by the skull and lower jaw of a

mammothembryo (ZIN 31661) from the Late Paleoli-

Fig. 34. Dimensional changes in the humerus and femur of M.

primigenius duringprenatal (from 9-10 to20-21 months of gesta-

tion) and postnatal life (from birth to 16-17 years of age). a =

absolute growth of the femur shaft duringontogenesis; b =

absolute growthof femur dependingonindividual age, marked

as in (a); c = absolute growth of humerus duringontogenesis; d =

absolute growth ofthe humerus shaft duringontogenesis, marked

as (c). I = at birth; II =beginning of maturation;III = at puberty.
Estimated length of gestation in M. primigenius is approximately
22-23 months, the beginning ofmaturation is at 7-10 years ofage,

puberty at 10-11 years ofages (females). 1 = PIN 4353-3243; 2=

ZIN 31740(6) in a, b and ZIN 34386(3) in b, c; 3 = IAE, Sh-77, 5b; 4.

ZIN 34419(10); 5. PIN 4353-2698; 6. PIN 4353-552;7. PIN 4353-419;

8. PIN 4353-270; 9. PIN 4353-452

Lengte-toename in opperarm en dijbeenvanM. primigenius gedu-
rende prenataal (van 9-10 tot 20-21 maanden dracht) enpostna-

taal leven (van geboorte tot 16-17 jaar), a = absolute groei van de

dijbeenschacht gedurende de groeiperiode; b = absolute groei van

het dijbeenafhankelijk van individuele leeftijd, als gegeven in (a);
c = absolute groei van de opperarm gedurendede groeiperiode; d

= absolute groei van de opperarmschacht gedurendede groeiperi-
ode, als gegeven in (c). 1 = PIN 4353-3243; 2 = ZIN 31740(6) in a, b

en ZIN 34386(3) in b, c; 3 = IAE, Sh-77, 5b; 4. ZIN 34419(10); 5. PIN

4353-2698;6. PIN 4353-552;7. PIN 4353-419; 8. PIN 4353-270; 9.

PIN 4353-452;I = geboorte; II = begin rijping; III =puberteit. Ge-

schatte lengte van de dracht in M. primigenius is ongeveer 22-23

maanden; het begin van de rijping is op eenleeftijd van7-10 jaar,
enpuberteit op eenleeftijd van 10-11 jaar (vrouwtjes). Voor num-

mers, zie Engelstalig onderschrift
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thic site at Mal'ta (Irkutsk region, West Siberia) (fig 4;

photo 1). Garrutt's (1999) identificationof the speci-

men as a newborn calf is based on its unworn dp2.
However, the dimensions of the specimen are about

30% smaller than thoseof a newbornfrom Sevsk (PIN

4353-2614) with dp2 at the same stage of formation

(table 6). There are indications that specimen ZIN

31661 represents an earlier ontogenetic stage: Firstly,
the dp3 formation is less advanced, and its anterior

plates are preserved in theskull. Secondly, the dp2and

dp3 in this specimen sit deeper in their alveoli than is

the case in the specimen from Sevsk. InZIN 31661, the

masticatory surfaces protrude only slightly above the

edge of thealveolarbone.These peculiarities allow the

identification of ZIN 31661 as a foetus in the final

prenatal stage, and not as a newborn calf.

A certain degree of impreciseness arises when the

individualage determinationscale, which was deve-

loped on the basis of tooth generation stages in

modern elephants, is applied to mammoths. The data

on the skeletons of mammoth calves from Sevsk, in

which minute postcranial details as well as peculiari-
ties of the tooth development stages can be observed,

permits one to calibratethe scale better, because post-
cranial data provides hitherto unknown information

on the individual development of M. primigenius.

A series of skeletons of mammothcalves of different

ages
from Sevsk (radiocarbon-dated to 13,950 + 70

years) provided data on the growth dynamics of

calves that belong to a group
of laterepresentatives of

the species, M. primigenius from the Russian Plain. The

morphological similarity with the Late Pleistocene

mammoth calves from Siberia suggests that the

growth regularities deduced from the Sevsk material

were common in representatives of different popula-
tionsof M. primigenius.

The skeletal dimensionsof two mammothcalves from

Sevsk, no more thanone to two weeks old (PIN 4353-

2614 to -2717, and PIN 4353-1222,-1233, -1558 to -1563)
indicate that the body height of a newbornmammoth

calf varied within the limits of 700 to 800 mm (this is a

mammothformfrom the end of the Late Pleistocene).
Both individuals are characterized by the presence of

unworn dp2 (the first tooth generation).

The greatest height in the thoracic region of the verte-

bral column of a mounted skeleton of a larger
mammothcalffromSevsk is 750 mm (PIN4353-2619to

-2704). The combined length of humerus, ulna and

scapula of this individual is 575 mm; humerus and

ulna together measure 360-370 mm. The combined

length of femur and tibia is 390-430 mm (table 19). In

thereconstruction of the body height, the contribution

ofthe non-preserved cartilaginous parts in the growth
zones of the long bones, as well as of the bones of the

feet and hands was taken into consideration, as was

the thickness of the hide on the soles (Eales, 1926;

Vereshchagin, 1981). Inclusion of these contributions

in the calculation brings the total reconstructed height
of this individualto 790-810 mm. The dimensions of

thebones of another (incomplete) skeleton fromSevsk

(PIN 4353-1222, -1233, -1558 to -1563; Maschenko,

1992) are smaller. The height of themounted skeleton

at the highest point is about 710 mm. The body height
of this calf was determined according to the above-

mentionedmethod,and is 730-750 mm. As the indivi-

dualageof both calves was one to two weeks, a certain

increase in body size after birth must be taken into

consideration and, consequently, the height of the

newbornmust have beensomewhat smaller, approxi-

mately 700 mm.

In E. maximus the body height of the newborn calves

varies between 760 and 950 mm (Stanley, 1943). This

data indicates that the body dimensions of newborn

mammoths are smaller than thoseofnewbornmodern

Asiatic elephants. In modern L. africana the body
dimensions of newborns differ from M. primigenius
even more. The largest newborn calves of this species
are 1090 mm high (Laws et ah, 1975). The size of

newborn calves in modern African elephants varies

from 880 to 1090 mm (Lee & Moss, 1995).

On the basis of data on a series of calves' skeletons of

different
ages

fromSevsk it is now possible to estimate

the growth dynamics of the species during the first

years of life. With regard to the first year, the estima-

tion isbased on two skeletons ofnewborncalves and a

skeleton of a one-year-old calf (PIN 4353-21 to -217,

-507, -570 to -573, -709 to -716, -810, -817, -873 to -880,

-884 to -887, -894 to -965). The age determinationofthe

latterwas based on the stage of formation and wear of

dp2 (photo 6). The height of the mounted skeleton of

this individual is about 1100mmat the highest point of

the back. The reconstructed body height of the indivi-

dual, with non-preserved cartilaginous parts and hide

thickness taken into account, is estimated between

1160 and 1180 mm. Such a height corresponds with, or

is a little smaller than the mean values ofbody height
inL. africana and E. maximus calves ofthe same indivi-

dual age (Hyndley, 1934, Stanley, 1943, Laws, 1966;

Sikes, 1967; Douglas-Hamilton, 1976).

If the height of the Sevsk newborn calf is fixed on 800

mm, the extra height gained during the first year is

about 350 mm in this population. If the estimated

height ofa newborn calf is 700 mm, the growth within

one year is still greater, i.e., 450 mm.

During the second and the third
year of life, the

growth speed slows down a little. Indicative of the

body height surplus at this stage is a skeleton of a

Sevsk mammoth calf of three to four years (PIN 4353-

447 to -585). Its dp4 is in wear, and, based on the degree
of wear with seven plates remaining, it's very likely
thatMl is already in initial wear, though this cannot be

proved, as only bases of Ml plates remain in the

specimen. The height as determinedby measurements

of the mounted skeleton at the highest point of the

back is 1350-1370mm. Comparison with the height of

a newborn shows that the surplus during the second

and the third yearof life is about 200 mm. In E. maxi-

mus, the surplus during the first year may reach 450
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mm (for zoo animals), but the mean value is 250-300

mm (Reuther, 1969). In L. africana, the height surplus

between the age
of one and a half and threeand a half

years amountsto 410 mm (for zoo animals) (Johnson &

Buss, 1965). After the first yearof life the body growth

of mammothcalves thereforeslowed down in compa-

rison with that of modern elephant calves (fig. 33).

This peculiarity of individual development in M.

primigenius is accounted for by the ecology of the

species, which differs radically from the ecology of

modern elephants. The Late Pleistocene mammoths

were adapted to a life in cold climatic conditions,

which includes lengthy winters. The only explanation
of rapid growthduring thefirst yearof life is the neces-

sity for a calf to survive inwinter. Towards the end of

the first year the calf should reach the largest size

possible and become strong enough to move together
with the family group along their winter routes. On

the one hand, the social structureof the
group and the

physical state of the members played a particularly

important role for survival inwintertime.On theother

hand, their size should help the animals in their intras-

pecific competition for food, which was scarce in this

season. Anotherindirect cause ofrapid growth during
the first yearoflife was the unavoidableincrease ofthe

predator pressure on herbivores in wintertime, which

is described very well for modern communities of

large mammals that inhabitmoderateand circumpo-
lar regions.

Both the analysis of the relative growth speed of long

bones (humerus, ulna) in M. primigenius, and theabso-

lute growth diagram show different speeds at diffe-

rent periods of individual development. The surplus

estimation for different time spans reveals several

stages in postnatal growth that correspond with diffe-

rent periods of physical development similar to those

inmodernelephants and in the majority of mammals

(Schmalhausen, 1935). Birth is a pivotal point of onto-

genesis combinedwith major physiological restructu-

ring of the organism, which is reflected in the picture
of growth. The growth curve of mammals usually

displays an abrupt break at this point. The growth

curve of the femurof M. primigenius (fig. 34a) has prac-

tically no break at the point of birth, which
may be

accounted for by insufficient dataand very large time

intervals between two neighbouring values. This

renders the 'resolution'of the diagramrather low.The

absence of a break in the humerus growth curve may
be accounted for in a similar way (fig. 34c).

In modern mammals, the empirical growth curves

usually have a second break, which corresponds to the

beginning of the maturation period. In similar curves

constructed for humerus and femur growth inM.
primigenius, the second break cannot be observed

either (fig. 34c), because growth diagrams based on

linear measurements only may not be sensitive to

boundaries between the periods.
InM.primigenius theboundariesbetween the different

periods of physiological development canbe observed

in the diagrams that reflect the absolute surplus

during a certain time interval (via indices: fig. 31b,

31d). The absolute surplus formula is:

A=[(L2-L1)/ (T2-T1)]/100% (Schmalhausen, 1935).

In this formula, the length surplus of the shafts of

humerus and femur during a certain time interval (in

months) isexpressed as percentage of the shaft length.

In this case, the femoral length (LI) is the shaft length

of specimen PIN 4353-3243, and the humeral length

(L2) is the shaft length of specimen PIN 4353-3242.For

the calculation of values, the time of prenatal shaft

development may be taken to be nine months, as in

modern elephants (table 20).

In the diagrams, the boundary between the prenatal
and postnatal periods is marked by a well-expressed
break. As in other mammals, the prenatal ontogenesis

ischaracterized by the greatest absolute growth speed.
The diagrams illustrate the length increase ofhumerus

and femur. During the postnatal ontogenesis, the

speed remainsrelatively high in the beginning, especi-

ally during the first
year

oflife. This was also observed

withregard to the increase inbody height during this

period. Breaks in the diagrams correspond to qualita-

tive changes in theprocess of individual development

connected with important physiological changes. The

first break in the curve corresponds to birth, the

second one approximately corresponds to the begin-

ning ofmaturation.According to this data, maturation

in M. primigenius begins at theageof eight to ten years.

Both diagrams reflect a considerable deceleration of

growth during this time. A still greater deceleration

occurs by the age of fifteen to seventeen years. In E.

maximus, the deceleration of growth at this age is

connectedwiththe first
pregnancy

and the feeding ofa

calf (Stanley, 1943).

The diagram based on the material of females from

Sevsk shows that after the
age

of seventeen to twenty

years the growth of M. primigenius femalespractically

stops. A particularly abrupt deceleration of growth is

observed earlier, after twelve to thirteenyears,
which

may correspond to first births given by the Sevsk

females.

There is no dataon growth peculiarities of males from

Sevsk. However, males of M. primigenius from a

number of Siberian sites show a continued growth
after the

age of thirty (Zalensky, 1903; Haynes, 1991;

Averianov, 1996a; Tikhonov, 1997; Lister, 1999).

Continuing growth of males, in contrast to females,

was also indicated in American mammoths, M.

columbi (Agenbroad, 1994; Saunders, 1999). This data

suggests that in Sevsk males, too, the growth period

was longer than in females. The only fragmentary
skeleton thatis attributed to a maleallows the sugges-

tion that at the
age

of forty-seven to fifty (14 posterior

plates remaining in M3 and Mb) the growth of Sevsk

males stopped.

During the first two years of life, femalesof E. maximus

show the same growth speed as males (Stanley, 1943;

Hundley, 1934). Between the age
of three and ten
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years, themean yearly surplus of body height in males

is 8 cm and in females 6 cm. From eleven to seventeen

years,
the yearly surplus of height in femalesbecomes

irregular (because of pregnancies) and by the age of

twenty-four, females don't grow anymore in size,

though body weight increases insignificantly. In some

cases a growth stop at the age of twenty-four was

registered also in males of this species that were kept

in captivity. On average, according to observations of

E. maximus males in captivity, they continue to grow

until thirty to thirty-five years (Stanley, 1943).

A considerable difference betweenmales and females

in the durationofgrowth is known in modernAfrican

elephants. Continuing growth in males of L. africana
was observed after the

age of thirty-five (Roth, 1984;

Laws et ah, 1975; Haynes, 1991). During the first five

years
of life, the body heigth in males of this species

increases from90-95 cm to 160-170cm, and in females

from80-90 cm to 150-160cm. Much greater differences

are observed after the age of ten years. The average

height of a maleof this age is two metres (the average

growth speed is 7-10 cm a year), and thatof a femaleis

185-190cm (with an average growth speed of 5-7 cm a

year). Males of L. africana continue to grow 4-7 cm a

year
until the age of thirty, whereas growth in females

practically stops before that time (Lee & Moss, 1995).

A more lengthy period of deceleration may
be obser-

ved in diagrams that present the absolute length

surplus ofhumerusand femurbased on serial material

similarto that from Sevsk, but pertaining to males of

M. primigenius. Unlike diagrams based on females -

thatstop growing by the age of fifteen to seventeen -

such diagrams have the potential to expose a growth
decelerationthat was prolonged beyond that age. To

judge by data on material from other locations, the

decelerationcontinued from fifteen to seventeen up to

thirty-five to forty years. Inthe diagramthatshows the

absolute surplus based on the Sevsk data, the inclina-

tion of the curve suggests that all individuals (age
three to four years) were most probably females, not

males (figs. 34b, 31d), as it illustratesa growth stop at

precisely fifteen to seventeen years.

Averianov (1996b, 1997) suggests that M. primigenius
was capable of changing its reproductive strategy by

shifting maturation to earlier ontogenetic stages, thus

increasing the possible number of births by a female.

However, the stages ofmaturation,puberty, and dece-

lerating growth - reflected in morphological changes

during ontogenesis - donot showany shift of the time

of reproduction to earlier stages in the mammoth as

compared to modern E. maximus, whereas the latter is

an illustrative case of the q-strategy of reproduction.

The points at which the growth of females of E. maxi-

mus and M. primigenius slows down (after ten years in

M. primigenius and after twelve to fifteen years in E.

maximus; Eisenberg, 1980; Rensch & Harde, 1956)

suggest that in bothspecies the first births occurred at

approximately the same age. It should also be taken

into consideration that the time of maturation may

have varied in different mammoth populations. In

different populations of modern elephants, females

give birth for the first timeat different individualages.

Several researchers admitthatmaturity and first birth

in modern L. africana may occur between the ages
of

elevenand seventeen,and depend on the living condi-

tions of the population (Haynes, 1992; Lee & Moss,

1995; Douglas-Hamilton, 1975; Laws, 1970). In Asiatic

elephants, the
ages at which first birth is given also

vary: between ten and seventeen years (Eisenberg,

1980).

The question of gestation length in M. primigenius
remains open. Because many peculiarities of

mammoth morphology and biochemistry are similar

to those observed in E. maximus, it is permitted to

extrapolate -
from modern Asiatic elephants to the

mammoth - a number of physiological parameters
connected with reproduction. The data on the dimen-

sions of newborn calves of M. primigenius shows that

they were somewhat smaller than Asiatic elephant
calves and much smaller thanAfrican elephant calves.

Smallersize of a newborninmammals may be indica-

tive of a shorter pregnancy. The mammoth may

support this indication. Under the climatic conditions

of the last glaciation, mammoths may have given birth

only in the warm season, i.e., in spring or early
summer. The mating season for all large mammals of

the Northern Hemisphere is late autumn. In this

season, animals are in best shape after summertime

with its abundant vegetation. If such seasonally fixed

mating and givingbirth is true ofM. primigenius fema-

les, theirgestation could not have lasted longer than 19

to 20 months, which is a little shorter than in modern

elephants.

The normal gestation period in E. maximus ranges

from twenty to twenty-three months (Hundley, 1934;

Stanley, 1943; Ananthanarayana et al, 1950; Beyer et

al., 1990; Shoshani & Eisenberg, 1992), and a compara-

ble duration is observed in L. africana (Sikes, 1975;

Shoshani et al., 1991; Hay nes, 1992). Data on births in

captivity shows that the first pregnancy is slightly
shorter thanthe normal length. That is why compara-

tive data on the varability ofembryos of L. africana and

E. maximus can effectively be employed in the determi-

nationofthe stage of uterinedevelopment of M. primi-

genius embryos only if it is corrected in consideration

of the mammoth's two to three months shorter gesta-
tionperiod (table 20). Stages of the formation of shafts

andof embryo bones in general provide the only prac-
tical criteriafor the determinationof the stage of gesta-
tion in M. primigenius.
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Ontogenetic changes of M. primigenius compared to other Elephantids

Formation of first generation teeth in

Archidiskodon and Mammuthus

The morphology of dp2 inA. meridionalis (A. gromovi)

(GIN 300-13, 300-122) is similar to that of dp2 in M.

primigenius (fig. 35, fig. 36: a; photo 26). All parts of the

crown are formed simultaneously in the same

sequence as in M. primigenius. Originally the plate
consists of non-fused randomly grouped columns,

later their size diminishes and the columns fuse to

form the plate. The fusion proceeds from the base to

the top. At the same stage of formation, the teeth are

functional inM. primigenius, and still in the process of

formation in A. meridionalis. A longer formation

process of the crown is betterobserved in second and

third generation teeth, whereas in M. primigenius it is

well observed as early as in first generation teeth. This

morphological peculiarity is important for attributing
M. primigenius and A. meridionalis to different genera.

In M. primigenius dp² is smaller than in A. meridionalis,

but its number of plates is the same in both species:
five. Theanteriorroot inM. primigenius is always situa-

ted under the first two plates; the posterior root is

underthe three posterior plates. In A. meridionalis, the

anterior root is situated under the first three plates

(GIN 300-122).

Dp2 (GIN 300-13, fig. 35; photo 26) is an incompletely
formedtooth. Its length is 26 mm, its width20 mm, and

its height 18 mm (all measured at the crown). The

crown is composed of five plates, and is tapering from

anteriorto posterior. The maximalwidthof the crown

is at the base. The plates are formed by enamel

columns fused with each other along almost the

complete vertical surfaces. To judge by their
apexes,

the widest plates (second and third) consist of tenand

six columns respectively, the narrower anterior and

posterior plates consist of four or five columns. The

tallest plates are the third and the fourth. The first,

second and thirdplate are transversal to the longitudi-
nal axis of the crown, the rest are slightly inclined.

Cement is absent. To judge by the root bases, thereare

two roots. The root walls are very thin, which in

combinationwith the absenceof cement on the crown

is indicativeof incomplete crown formation. The bases

of three anterior plates are situated over the anterior

root, the bases of two posterior plates are over the

posterior root. The base ofthe first plate is higher than

those of the other plates. As in dp2 of M. primigenius,
the posterior and anterior plates are almost equally

high, but thebase of the former issituated muchbelow

the level of the anterior plate base.

Specimen GIN 300-122 from a A. meridionalis (A.

gromovi) skull (fig. 36a) is an example of a deviateddp2

formation. The tooth sits in the
upper jaw together

witha functionalM1 (Garutt et al., 1977;Garutt & Baiy-

guseva, 1981). Two thirds of the crown are inside the

alveolus. The crown length is 32 mm,and its width 22

mm. It is 18% larger than the specimen GIN 300-13,

which is due to the fact thatGIN 300-122is completely
covered with a 2 mm thick layer of tiny crystal
substance reminding calcite in structure. This

substance is neithercement, nor dentineor enamel.

The shape ofspecimen GIN 300-122is similar to thatof

specimen GIN 300-13. The medial edge is wider than

the distal. The buccal side is more convex than the

lingual. The apexes of five plates are visible. There is

an area of broken enamel on one of the central enamel

columns of the third plate: the enamel layer here is

about1 mm thick (Fig. 36a: 6). The root canalof theroot

fragment preserved is partly filled with dentine and

partly with the substance covering the crown. This

might be a sign of the terminationof tooth formation.

However, the plates are less completely than in GIN

300-13. Their enamel columns are different in size,

incompletely fused and large. The plates are most

probably composed of few columns.

The position of dp2 in front of M1 in specimen GIN

300-122 allowed Garutt (1977) to assume a vertically
directed substitution of teeth in the most ancient

representatives of genusArchidiskodon.Originally, the

specimen was determined as a P3
or P4

, erupted to

substitutedp3 . However, apart from its unusual posi-
tion in the jaw and the superficial layer normally
absent in atoothin theprocess of formation, it doesnot

differ from a regular dp2 of M. M. primigenius. The

number of enamel columns composing the plates and

their position suggest that formationof specimen GIN

300-122 was interrupted at a rather early stage. The

toothremained in thealveolewhen dp3
was functional

and the regularly structured M1 began to wear. There

are traces of pressure on the anterior edge of M1 as a

result of contact with the preceeding tooth. In speci-
men GIN 300-122 the dp2 bears no traces of pressure

exerted by the next tooth; its crown is below the level

of the masticatory surface of M1 . In the left jaw of the

same skull dp2 is completely inside the alveole. The

crown of GIN 300-122 remains separated from the

anterior rootby a bony wall similarto thealveolar wall

of dp2 in M. primigenius. complete and permanent

bony wall exists only between the alveoli of dp2 and

dp 3 (Kuzmina & Maschenko, 1999). Thereare no such

walls betweenthe teeth of thenext generations due to

the horizontally directed process of substitution

Shouldthis tootherupt to substitutedp3 insteadof dp4
,

then a complete wall between this toothand the follo-

wing should have been absent, which is not the case

here.

One can suggest that in the case of GIN 300-122 the

development of dp2 was retarded during its further
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move in the alveolus, accompanied by the develop-
ment of a calcified superficial layer. It is also possible
that this is a case of a delayed eruption ofan additional

tooth, the precedessor of dp2
,
which sometimes occurs

in Elephantidae. Such a case has been described in L.

africana (Morrison-Scott, 1938). Vertical substitutionof

premolars in Elephantidae was observed in A.

planifrons and A. imperator (Falconer & Cantley, 1845;

Pontier & Antony, 1933). In
any case, the dp2 from

skull GIN 300-122is an example of aberrantdentition.

The presence of premolars in other representatives of

the family Elephantidae, e.g. in Elephas fromSouthern

Asia, may be questioned, for all the specimen descri-

bed as premolars of E. celebensis (P4 : figs. 12,13;P3 : figs.

14, 15) (Hooijer, 1953) are isolated teeth and do not

show significant differencesin thestructure of crowns

of dp2 and dp2. The described morphological peculia-
rities are most probably due to wear.

The morphology ofdp2 of.A. meridionalis fromWestern

Europe differs also only slightly fromthat of M. primi-

genius (Schreuder, 1945:186). The described specimen

is a completely formed tooth with all five plates

showing traces of wear. The position and the shape of

the plates is similar to that of other known specimens

of dp2 of.A. meridionalis. The wear pattern shows that

the
apexes

of the enamel columns remainunfused.

The formation of dp3 and dp4 in A. meridionalisis very

similar to that in M. primigenius: the process develops
from the anterior end of the crown to the posterior

(GIN 300-124, ZIN 29071, ZIN 30012, GIN 300-122)

(fig. 36b, c; photos 17-19). Unlike in dp4 of M. primige-

nius, the plates above theanterior root (four in dp4) are

usually rather inclinedmedially (photo 19). The posi-
tionof the bases of anterior and posterior plates inM.

primigenius and inA. meridionalis are similar, and the

same is true for the numberand position oftheirroots.

As in mammoths, during the crown formation theroot

canal closes and resorption occurs: first of theanterior

root, then of the posterior one. To judge by specimen
ZIN 29071 (dp3 formation almost completed) the

formationof cement starts on the apexes
ofthe central

part of the plates and goes on towards theirbasements,

filling in also interplate gaps. The interplate gaps in

this individualare less filledwithcement than those in

a completely formed dp3 of M. primigenius..

Morphological differences insecond and third genera-

tionteethof M. primigenius in comparison withA. meri-

dionalis are determinedby adaptive changes in crown

structure,and are expressed inan increasednumberof

plates, an increased height, a decreased enamel

thickness and a decreased length of plates and inter-

plate gaps in M. primigenius (Maglio, 1973). The

studied dp3 teethofA. meridionalis show that the plate

forming enamel columns do not fuse completely as in

M. primigenius. The number of enamel columns inM.

primigenius is higher (up to twenty) than in A. meridio-

nalis (maximal eight). In A. meridionalis, the wear

pattern consists for a long time of several oval forms,

corresponding to the separate enamel loops along the

widthof the plate. The differences in dp4 structure are

weaker expressed than in dp3. These morphological

plate peculiarities correspond to the generic level of

differences betweenM. primigenius and A. meridionalis.

The morphology of dp3 in E. maximus (SDM 421-12) is

similar to that in M. primigenius and A. gromovi. The

crown consists of seven plates completely covered

with cement (fig. 37a, b). All plates show wear which

suggests an individualage of eight to twelve months

(Roths & Shoshani, 1988). When the posterior plate

begins to wear, a specific pattern of a closed enamel

loop appears. The crown dimensions are: length 67

mm, width 35 mm, plate length 8 mm, plate width27.5

mm, interplate gap
5 mm. There are two roots, both

Archidiskodon gromovi

Bouw vaneenlinker dp² vaneen kalf van

GIN 300/13, vindplaatsCharpy, regio Rostov: a =kauwvlakte; b

= tongzijde; c =achterzijde. Maatstreep 1 cm. 1 = achterste wortel-

basis; 2 = voorste wortelbasis; 3 = toppen van glazuurkolommen
die de derde kroonplaat vormen; 4 = eengrotereruimte tussen de

derde en vierde plaat; 5 = glazuurkolommendie de laatste kroon-

plaat vormen; 6 = de diepste groeve tussen de derde en vierde

kroonplaat.

Garutt etAlexejeva, 1965, GIN 300/13, Charpy locality, Rostov re-

gion: a = masticatory surface; b = lingual surface; c = distal

surface. Scale bar: 1 cm. 1 =posterior root base; 2 = anterior root

base; 3 = apexes ofenamel columns composing third plate of the

crown; 4 = a greater gap between third and fourth plates; 5 =

enamel columns composing the last plate ofthe crown; 6 = the

deepest groove between third and fourth plates of the crown.

Fig. 35. Structure of a left dp² ofa calf of

Archidiskodon gromovi,
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withopenroot canals. The two anteriorplates are situ-

ated over the base of the anterior root. The base of the

third plate is betweentheroots.Plates four to seven are

situated over the base of the posterior root.

In specimen ZIN 30012, a dp4 of A. gromovi, all plates
show wear (photo 29). It is possible that one or two

anterior plates are worn down completely, and the

total number of dp4 plates is nine or ten. The length of

the crown is 93 mm, width 47 mm. The length of the

seventh plate is 8.5 mm, width 46 mm. The interplate

gap
is 8 mm, enamel thickness 2 mm. A small amount

of cement remains on the bottom of the interplate

gaps. The enamel on the crown base has a relief in the

shape of vertical folds (photo 29, fig. 2). The specimen
GIN 300-122, a dp4 of A. gromovi from the skull of a

young individual, comprises of eight plates, all in

wear. It is possible that theanteriorplate isworn down

and the preserved base of an anterior plate belongs to

the second anterior plate. From the fourth plate

onwards, the wear pattern is represented by enamel

loops corresponding to the apexes of the component
enamel columns (Garutt et al„ 1977: 7, fig. 2). The

cement covers the lateral surfaces of the crown and

fills in the interplate gaps. The individualage must be

ten to fifteenyears. The length of the crown is 123mm,

its width67 mm, the plate width54 mm, the interplate

gaps5 and 6-8mm. The plate frequency is seven per 10

cm.

The widenedplates ofdp4 - M3 in the
genus

Archidis-

kodon noted by Maglio (1987) are accounted for by the

peculiarities of formationand structure of crowns that

may be observed in dp4 of E. maximus as well. In speci-
men SDM 3535, a dp4 of E. maximus in the process of

formation (the seven anterior plates are completely

mineralized, the bases are unfused), the first plate is

completely covered with cement. Plates two and three

are in the process of being covered with cement, from

theirapexes to the bases, and fromthe middleparts to

the lateral edges.

On the fifth plate the cement is being formed in the

centres of the anterior and posterior surfaces (fig. 37c,

d). A separate enamel column is fused to the posterior
surface of the plate (fig. 37 c, d: 1). The plate consists of

threeparts, the central (the higher) partand two lateral

(lower) parts (fig. 37e:3,4). The central partcomprises
six to eight enamel columns.The apexes ofthe enamel

columnscomposing the lateral parts of the plate are on

the same level with the apex of the additional (poste-

rior) enamel column.The lateralparts comprise one to

two enamel columns. The plate base is considerably
wider than the apical part. The lateral segments are

separated from the central part by gaps that do not

reach the plate base (fig. 35c, e: 7). The horizontal line

most probably marks the border between differently
mineralized zones (fig. 37d: 6).

The specimens ZIN 29071 (a dp3) and GIN 300-122 (a

dp4 ) of A. gromovi show a similar formation process.

When the masticatory surface starts to wear, a loop-

shaped enamel protrusion is formed in the centre of

the middle plates as a result of wear of the additional

column, just like the sine-shaped widening ofMl
- M3

in Archidiskodon notedby Maglio (1978), depending on

the dimensions of the additionalcolumn. This feature

is important in the mammoth-likeelephants' systema-
tic biology. In A. gromovi theenamel loop is not closed

in the beginning of wear as the apexes of the enamel

columnsare not fusedand the plate is subdivided into

the central and lateral segments. Later, when wear

reaches the level of fusion of the enamel columns, a

complete loop is formed. While wear goes on, the

central widening disappears as the middle column is

lower than the plate.

In M. primigenius, ,
the degree of fusion of the plate

apexes is much higher, and a completely formed plate
is not subdivided into central and lateralsegments, so

the loop pattern in this species appears from the very

beginning over the complete width of the plate. In

Archidiskodon, the central widening of a plate persists
for a long time and this feature is included into the

diagnosis of M. (Archidiskodon) meridionalis (Maglio,

1978).

Deciduous (di) and permanent (I)
tusks in M. primigenius and other

Proboscids

Anthony (1933) was the first to subdivide the di alveo-

lus of E. maximus intotwo compartments: an alveolus

situated laterally and a depression separated from it

by a bony wall. The di alveolus of M. primigenius is

similarly subdivided during the last months of

prenatal and the first months of postnatal develop-
ment. The mesial compartment of thealveolus is most

probably formed in connection with a budding rudi-

mentary incisor. It is partly separated from the di

alveolus by an incomplete wall which is reduced by
the age of ten to twelve months.

A similar structure of the alveolus was studied in two

well-preserved skulls: one of a foetus in the last

prenatal stage ZIN 31661 (photo 1), and one of a one-

month-oldcalf GIN 77 (fig. 7). The alveolarpart of the

skull is formed by two bones contributing differently
to the formation. From above and outwards it is

formed by the premaxillar bone only (fig. 7:2; photo 8).
From beneath and inwards it is formed by the

maxillary. The inner wall of the tusk alveolus has a

cellularstructure. In specimen GIN 77 the outer wall of

the alveolus is about 6 mm thick at the alveolar end;

the diameterof the alveolus is 16 mm. The diameterof

thealveolus decreases considerably towards the nasal

opening and at the distance of 10 mm from the lower

edge of the premaxillar bone it is 9 mm. The di root

base and the neck of the tusk head sit precisely in this

part of the alveolus.

In both specimens the alveolus is subdivided intotwo

parts. The major part is situated laterally from the

intermaxillary suture and represents the di alveolus
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proper (or theexternal canal) (fig. 7:4). Medially from

the suture there is a depression (the internal depres-

sion) separated from the external canal by an incom-

plete wall (fig. 7: 7). In specimen GIN 77 its depth is 26

mm, and the cross section is oval: 7.5 x 5 mm. The bed

of the depression is porous,
without large openings.

The visible part of the external canal (the di alveolus

proper) is curved, as well as the entire premaxillary.

The size of thealveolar cavity corresponds only to the

size of the first generation tusk, consequently, the

formation of the second generation tusk (I) has not

begun at this stage.

The subdivisionof an alveolus into an external canal

and an internal depression may be interpreted as a

homology to the incisors of the most ancient

Proboscids and their descendants, as suggested by

Tassy (1987). In the sister Proboscid
group Moerithe-

rium (Tassy & Shoshani, 1988) and in some masto-

donts, the incisors (Moeritherium) and the deciduous

tusks (mastodonts) are homologous. The incisors of

the milk generation and the permanent tusks are

homologous to second incisors (dl2 ), as denominated

by Tassy (1987), the deciduous tusks (di) being homo-

logous to third incisors (dl 3). These authors illustrate

the idea by an analogy withrodents and Lagomorpha
in which the incisors of the first (milk) generation

grow continuously (hypsodonty) and do not change.
These incisors, as well as permanent tusks of

elephants, have a structure which is atypical for

unspecialized incisors of mammalsand lack roots.

Inlinewith this hypothesis, thepresence of an internal

depression in mammoth alveoli is indicative of the

budding of a rudimentary incisor homologous to the

first generation incisors (deciduous tusk - dl1). In

M. primigenius calves, the rudimentary incisor occu-

pies the most medialposition inside the premaxillary
and is homologous to incisor 1, the permanent tusk (I)

is homologous to incisor 2 (dl2) being situated

laterally. The most lateral position is occupied by the

first generation tusk (deciduous tusk) (di), homolo-

gousto incisor 3 (dl3). Such a homology ispossible if all

the incisors pertain to one generation (being milk

teeth).

Phylogenetic morphological features

of mammoth-like elephants and the

ontogenesis of M. primigenius

The ontogenetic studies of M. primigenius have revea-

led a similarity in early postnatal ontogenesis (till one

to two months ofage) ofM. primigenius and A. gromovi.
Illustrative in this respect is thesimilarmorphology of

the first generation teeth (dp2) and the deciduous

tusks (di). Not only the structures ofdp2 and diappear

to. be similar, but also their way
of formation. Later

ontogenetic stages show a certain recapitulation of

morphological features acquired by the ancestors of

mammoths in the process of divergence from the

mammoth-likeelephants.

Most morphological peculiarities, such as the dp4 to

M3 formation, the structure and shortening of theocci-

pital part of the skull, and thestructure of the symphy-
seal part during ontogenesis, indicateadaptations for

survival under conditions of long and cold winters

and relatively short summers.

Most morphological features of M. primigenius analy-
zed in this study (e.g. cranial features and dentition)

are important for the diagnosis of the genus and the

species (Maglio, 1973;Garutt, 1986,1987; Todd& Roth,

1996; Lister, 1996). In addition to transformations of

the general proportions and the skull shape (ontoge-
netic changes) observed in different mammal groups,

mammoths have their own specific peculiarities.

Primarily it is the peculiarities of ontogenetic growth

Fig. 36. Structure of a right dp² (a: GIN 300/122) and right dp³ (b,

c: GIN 300/124) of calves of Garutt et

Alexejeva, 1965, Charpy locality, Rostov region; masticatory
surface (a, c) and buccal surface (b). Scale bar: 5 cm. a: 1 = anterior

plate; 2 = second plate; 3 = third plate; 4 = fourth plate; 5 = fifth

plate (talon); 6 = damagedapex of a central enamel column onthe

second plate; 7 = additional, separate tuber onlingual surface of

the crown, probably part ofthird plate; 8 = medial edge of crown;

9 = distal edge of crown; 10 = lingual side; 11 = buccal side, b, c: 1

= root cavity of anterior root; 2 = root cavity of posterior root; 3 =

posterior root; 4 = anterior end of the crown; 5= anterior plate

base; 6 = second plate base; 7 = third plate; 8 = vertical enamel

folds on lateral surface of plate.

Archidiskodon gromovi

Bouw van eenrechter dp² (a: GIN 300/122) enrechter dp³ (b, c:

GIN 300/124) van kalveren van Garutt et

Alexejeva, 1965, vindplaatsCharpy, regio Rostov; kauwvlakte (a,

c) en wangzijde (b). Maatstreep 5 cm. a: 1 = voorste plaat; 2 =

tweede plaat; 3 = derde plaat; 4 = vierde plaat; 5 = vijfde plaat (ta-

lon); 6 = beschadigde top vaneencentrale glazuurkolom van de

tweede plaat; 7 = extra, afzonderlijke knobbel aan de tongzijde
van de kroon, waarschijnlijk deel van de derde plaat; 8 = binnen-

ste kroonrand; 9 = achterste kroonrand; 10 = tongzijde; 11 =

wang-

zijde. b, c: 1 = wortelkanaal van voorste wortel; 2 = wortelkanaal

van achterste wortel; 3 = achterste wortel; 4 = voorste kroonrand;

5 = basis van voorste plaat; 6 = basis vantweede plaat; 7 = derde

plaat; 8 = vertikale glazuurplooien op zijkant van de plaat.

Archidiskodon gromovi
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of relative dimensions of the alveolar part of the skull

predetermined by the increasing size of the tusks and

observed in the ontogenesis of other elephants of the

family Elephantidae (Ambrosetti, 1968). In M. primige-

nius calves, the tusk alveoli are directed forward and

downward, and during ontogenesis this direction

changes to vertical (in the adults). This provides a

diagnostic feature for the genus, because in Archidis-

kodon the tusk alveoli remain directed forward to a

considerable extent (Lister, 1996). The length of the

alveolar part of the tusk in grown-uprepresentatives
of the genus

Mammuthus is greater (in relation to its

total length) than in Archidiskodon (Maglio, 1975;

Lister, 1996). In mammoths the greater relative length

of the alveolar part of the tusk is predetermined by a

qualitatively different load on the tusk (Chozatskii,

1990).

Another significant transformation that takes place in

the skull morphology during ontogenesis is a change
in the position of the nasal opening. In M. primigenius
calves this opening is situated beyond the level of the

eye
sockets. The generic diagnosis of Mammuthus

reflects the position of the nasal opening at the level of

the orbits (Garutt, 1986,1987). In the ancient mammo-

th-like elephants (Archidiskodon) the relatively low

brainpart ofthe skull and a nasal opening thatis situa-

ted beyond the level of the orbits are diagnostic
features (Maglio, 1973; Garutt, 1986; Osborn, 1942;

Azarolli, 1977;Garutt et al., 1981). InadultM. primige-
nius thewidth ofthebrain part ofthe skull (in theocci-

pital area) is smaller than that of the facial part (in the

area of supraorbital processes) but in calves (table 1)
the brain part is wider than the facial part (Garutt,

1954; Garutt & Baigusheva, 1981), similar to adult

Archidiskodon.

During ontogenesis the proportions and the

orientationof the parietal bones change inM. primige-
nius. The parietal bones of adults are oriented almost

vertically and have a convexity on their posterior

edge. In newborns and calves under three to four of

age the cranial apex is at contact with the frontal and

the parietal bone (the masticatory surface offunctional

teeth being oriented horizontally). The contact area is

situated moreanteriorly thaninadultsand the parietal
bones in calves are less inclined towards thehorizontal

plane than in adults. The apex of the skull in adults is

situated in the area of the occipital bones, being the

most posterior part of the skull. In Archidiskodon the

highest point of the skull is at the contact area of the

parietal and occipital bones, and does not coincide

with the posteriormost part of the skull.

The supraoccipital and exoccipital bones remainsepa-

rated in calves, but at six to seven years of age they
start to fuse and the suture betweenthem disappears.
The upper part of the supraoccipital bone is inclined

considerably backward (photo 2: 1; photo 3: 7). The

difference in the shape of the occiput between calves

and adults is well-expressed. In adults the occipital
bones are orientatedvertically and curved in the area

of the suture betweenthe supraoccipital and exoccipi-

talbones (fig. 7). The ventral part of the occipital bone

is vertical and is slightly inclined backward beyond
the curvature (this is the posteriormost part of the

skull). In adult Archidiskodon the ventral part of the

occipital bone is inclined and the area of the occipital

condyles appears to be the posteriormost part of the

skull. Considering all varietiesin shape of the occipital
bones of A. meridionalis from differentparts of Eurasia,

this peculiarity, however, persists in general in all

non-distorted skulls.

In adult individuals of Archidiskodon the occipital

condyles are situatedrelatively lower than inadultM.

primigenius, but similar to M. primigenius calves. In

adultM. primigenius individuals, simultaneously with

an increasing skull height, a relative displacement of

the occipital condyles occurs towards the posterior

edge of the teeth alveoli and below the basicranium.

This position of the occipital bone and occipital condy-
les is accounted for by the posture of the mammoth

head at feeding. Mammuthus is a form adapted to

feeding on low vegetation (grass, bushes), especially

during winter. When excavating food from snow the

headis lowered down.A change ofthe point of attach-

mentof the skull (occipital condyle), relative to the axis

of the neck, provides abiomechanically better justified
lever.

The length of the symphyseal part and the mental

process are consideredto be the most significant diffe-

rences in the lower jaw betweenArchidiskodon and

Mammuthus (Garutt, 1954; Baigysheva & Garutt, 1987;

Dubrovo, 1960,1966,1990). Inadult individuals of M.

primigenius the symphyseal part is very short. The inte-

ralveolar crest makes an angle of 60° or more with the

horizontalplane. The mental process is short. In adult

individuals of Archidiskodon the symphyseal part is

longer, the interalveolar crest makes an angle less than

60° with thehorizontalplane and thementalprocess is

long. In the most recent representatives of Archidis-

kodon deviations from the described pattern of the

symphyseal part may be observed (Maglio, 1975).

As was shown at the description of the lowerjaw of M.

primigenius, newborn calves have a long symphyseal

part. The angle betweenthe interalveolar crest and the

horizontal plane is much less than 40°. During post-
natal development this angle becomes larger and the

symphyseal part relatively shorter. Regardless of vari-

ability of shape and size of the mentalprocess, which

depends on individualpeculiarities and probably also

on sex, the direction of the process differs always
betweenM. primigenius and Archidiskodon. A change in

proportion ofthe lower jaw in M. primigenius is expres-

sed in a smaller ratio of jaw length against jaw depth

(from 2.28 to 1.76, approaching 1.0 in adults - table 2).
Inadult individualsof Archidiskodon

,
on the contrary,

this ratio is about 3, close to the ratio in M. primigenius
calves.

The proportions of the crown and the dimensionsofdi

of A. meridionalis (ZIN 25094(1), table 4), particularly
its triangular cross section thatclearly differs fromthe
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oval cross section in M. primigenius, indicate realistic

morphological differences irrespective of a similar

structural type. These differences provide an additio-

nal reason for placing the meridional elephants and

•mammoths into different genera.However, the way di

in A. meridionalis is formed probably does not differ

much from that in mammoth and the stages of its

formation may be similar. The larger size of di of A.

meridionalis
may

be an indirect indicationof the larger
dimensions of calves compared to M. primigenius
calves of the same age.

As we saw above, the tusk alveoli of M. primigenius

during the last prenatal and the first postnatal months

is separated into two sections. The medial one is

probably formedin connectionwith the formationofa

primordial incisor, or a homologous rudimentary
structure. Itis separated fromthemainalveolus (situa-
tedlaterally) by an incomplete septum that disappears

by theage of ten to twelve months.

In E. maximus a primordial I is formed either directly

posterior of di, or slightly medial of it. The relative

position of these teeth in L. africana is similar (Sikes,

1966). In M. primigenius skull PIN 4353-933 in which

both di and 1 are preserved, the tusk (I) is situated

medial of di. It might be that the rudimentary non-cal-

cified incisor (or homologous structure), the deci-

duous tusk diand the permanent tusk are homologous
to the first, second and third incisor, respectively.
Based on his study of a E. maximus embryo, Antony

(1933) consideredthat irrespective of its position in the

premaxillar bone, the deciduous incisor di is homolo-

gous to the second incisor (di2), that the permanent
tusk is homologous to the third incisor (I3), and that

they represent differentgenerations. To the bestof our

knowledge, no researchers have ever noted that the

alveolus
may

be separated into sections correspon-

ding to the socket of a rudimentary incisor and the

alveolus properof the deciduous incisor di during the

late prenatal or early postnatal ontogenesis (see, e.g.,

Eales, 1926;Sikes, 1966; Frad, 1955;Kingdon, 1979).

Comparing positions and structures of the upper jaw
incisors in Amebelodon floridanus and Platibelodon gren-

geri with Moeritherium, Tassy & Shoshani (1988)
concluded that both upper incisors (deciduous and

permanent) in the two former species are the subse-

quent incisors of the milk generation. The authors

introducean analogy with themilk incisors ofrodents

and hares that grow continuously (hypsodonty), not

in generations. These incisors, as well as the perma-

nent tusks of elephants, have a structure atypical for

mammalsand lack roots. According to the positions in

Amebelodon floridanus, it is suggested that di are homo-

logous to di2 and the permanent tusks are homologous
to di1 (Tassy, 1987). Similarhomology is suggested for

modern elephants E. maximus and L. africana. This

opinion is inconsistent withAntony's (1933) idea that

the permanent tusk is homologous to I3 . Luckett (1966)
studieda primordeal tusk ina L. africana embryo ofthe

first prenatal year and concluded that only a di2

primordium is formed at this stage, whereas the

permanent tusk begins its formation at a later stage

(probably during the second half of prenatal ontoge-
nesis, or even later), and that the permanent tusk of L.

africana is homologous to I2 .

The structure of the tusk alveolus in M. primigenius
also suggests that the tusk is formedat a relatively late

stage. Before the ageof six to eight months there is no

Fig. 37. Structure of a dp³ (a, b) and a dp4 (c, d, e: incomplete,

only fifth plate) of a one-year-old calf of in a left

lower jaw (SDM421-12); buccal view (a), masticatory surface (b),
anterior view (c), lateral view (d), and posterior view (e). Scale

bar: 3 cm. a,
b: 1 = anteriorroot; 2 = posterior root; 3, 6 = root

cavity of (2); 4 = deformation ofdistal edge ofcrown owing to

contact with medial edge of next generation tooth; 5 = first and

second plates worn to bases; 7 = interplate gap; 8 = middle

thickening of plates; c, d, e: 1 = additional enamel column of

posterior surface of plate; 2 = cement; 3 = lateral segments of

plate; 4 =

apexes ofenamel columns of middle segment; 5 =plate

base; 6 = horizontal line or border between zoneswith different

degrees of mineralization;7 =

gap between central and lateral

segments.

Elephas maximus

Bouw van tweede generatiekiezen (dp3: a, b; dp4: c, d, e: onvolle-

digekies, alleen de vijfde plaat aanwezig) vaneen jaarlingkalf

van de moderne Indische olifant in eenlinker on-

derkaak (SDM 421-12); wangzijde (a), kauwvlak (b), voorzijde (c),

zijkant (d), en achterzijde (e). Maatstreep 3 cm. a, b: 1 = voorste

wortel; 2 = achterste wortel; 3, 6 = wortelkanaal van(2); 4 = defor-

matie van achterrand van de kroon door contact met de binnen-

rand van de kies van de volgende generatie; 5 = eerste en tweede

platen tot op basis afgesleten; 7 = tussenplaatsruimte;8 = centrale

verdikking van de platen; c, d, e: 1 = extra glazuurkolom aanhet

achtervlak van de plaat; 2 = cement; 3 = zijsegmenten van de

plaat; 4 = toppen van glazuurkolommenvanmiddelste segment; 5

= plaatbasis; 6 = horizontale lijn of grens tussen zonesmet ver-

schillende mineralisatiegraad; 7 = spleet tussen middelste en zij-

segmenten.

Elephas maximus
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spacein thealveolus at the place of I. The formationof I

begins only after thealveolus enlarges by the inclusion

of maxilla into its structure. The structure of I (PIN

4353-933) at an already mineralizedstage of formation

suggests that themineralizationof dentine, ofwhich I

consists predominantly, also takes place at a relatively

latestage ofpostnatal ontogenesis (six to eight months

and later).

The relative position of di and I in the alveolus of M.

primigenius more likely testifies to the homology of di

to thesecond incisor of themilk generation (di2 ) and of

the permanent tusk to the second incisor of theperma-

nent generation (I2). That I pertains to the milk genera-

tionmay be questioned sofar, as, on the one hand, the

structure of continuously growing and rootless I is

homologous to thatofthe transformedfirst generation
incisorsof rodents and lagomorphs, on theother hand,

however, the structure of di is typical for mammals.

The tusk head is completely formed representing a

crown covered with enamel, with a pulp cavity,

suggesting a transparent homology with the tooth

crown of other mammals. The root with normal root

cavity is most probably also homologous to teethroots

in other mammal
groups.

The formation of cement on

the rootbase is also similar to that on the toothneck in

other mammals, inwhich cement together with liga-
ments fixes the tooth in the alveolus. Whiledi is erup-

ting from the alveolus, the head looses its cement,

which remains only on theroot.

One can hardly assume that teeth that erupt in

sequence, one to substitute the other, each having a

different structure (one being a typical anterior tooth,

the other onea strongly specialized incisor), pertain to

one and the same generation. It is thus more likely that

they represent incisors of differentgenerations. So the

first generation in M. primigenius is represented by a

rudimentary, non-calcified incisor being homologous
to the first generation incisor, and a first generation
tusk (di) homologous to a second or third incisor.

The next generation (permanent teeth) is represented

only by one incisor, the permanent tusk. InM. primige-
nius and modern elephants (Ealis, 1926) this alveolus

is formed bothby the premaxillar and maxillarbone.

At the time at which di is formed and functions, the

alveolus is formed mainly by the premaxillar bone,

and at the beginning ofeight to ten months, when I is

formed, the contributionof the premaxillar and maxil-

lar bone into the structure of the alveolus becomes

practically equal. In Moeritherium, the alveolus of the

upperthird incisor ofthe permanent generation is also

formed by the premaxillar and maxillar bones

(Andrews, 1906). This peculiarity possibly suggests a

homology of this incisor and the permanent tusk of

elephants. If this is true, the permanent tusk (I) is a

highly specialized homology to the third incisor ofthe

permanent generation.

If one assumes that the M. primigenius rudimentary
incisor, first generation tusk di and second generation
tusk I are the teeth of one and the same generation,

then, considering their reciprocal positions in the

premaxillar bone, the rudimentary primordium
should be homologous to the first incisor, the perma-

nent tusk to the second incisor and the first generation
tusk to the third one. However, this is inconsistent

with the data on differentiationof an embryo tooth

plate in E. maximus (Luckett, 1996).

Not a single case of development of tusks in the lower

jaw ofM. primigenius is known. Development of lower

jaw tusks is not typical of the Late Pleistocene repre-

sentativesof the family Elephantidae. In themost anci-

ent Asiatic representatives of the family, formation of

small, rudimentary alveoli with thin walls have been

noted, whichmight probably be the place of formation

of primordial incisors, however, they never developed

completely (Osborn, 1936; Falkoner & Cautley, 1845).

The formation of lower jaw incisors among represen-

tatives of the Elephantidae is known in E. celebenis

(Hooijer, 1954,1955), but this is interpreted as a retro-

grade morphological transformation in dwarf taxa of

islands (Maglio, 1973). The dimensions of the lower

incisor (horizontal/vertical transverse diameters -

56/36 mm) most probably suggest that this incisor

should be the permanent tusk, which is confirmed by
the reliefof theuppersurface in the shape ofa longitu-
dinal depression and concentric dentine layers typical
of I in Elephantidae (Hooijer, 1954:116, plate XXII, figs.

3-4). Elongation of the symphyseal part at early post-
natal ontogenetic stages of M. primigenius is never

accompanied by the formation of incisors or alveoli

(Dobert, 1992). No lower incisors are known of M.

trogonterii and A. meridionalis. Thus one must assume

that only representatives of the genus Elephas pertain
lower tusks

among
the Elephantidae, probably as a

recessive feature.

The combinationof these facts suggests thatthe forma-

tionand structure of the deciduoustusks in A. meridio-

nalis and M. primigenius are very similar. Minordetails

indicate their generic difference. The data on di struc-

ture suggests that the structural differences are not

connected with basic adaptations of M. primigenius,
unlike other features of the postnatal ontogenesis

(before one year) thathave a major significance.

The new data on morphological transformations

during ontogenetic development of M. primigenius

may be taken into consideration in determining the

volume of the
genus

Mammuthus in the biological

system of elephants. The volume of the genus in this

case becomes more restricted.

Traditionally up to seven species are described to

composethe
genus in case the complex of features of

M3, skull and lower jaw is considered. Changes in

crown morphology (plate height, enamel thickness

and numberof plates) are traditionally considered as

generic or specific differences. Differentauthors attri-

bute different taxonomic significance (weight) to these

features depending on their particular conception of

the evolutionof mammoth-likeelephants.
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A very broad interpretation of the genusMammuthus

was given by Maglio (1973), whose system is widely

spread now. Maglio attributed all mammoth-like

elephants to one genus only: Mammuthus. The evolu-

tionary stages within the group are considered as

species. The origin of the genus lies in the Early Plio-

cene. According to Maglio, the early evolution of the

genus took place in the tropical regions of Africa, the

later evolution in the Eurasianregions with warm and

moderateclimates, and the latest stage inregions with

a cold climate. The time range of the
genus

Mammut-

hus appears to be greater than those of many other

mammal species and exceeds 5.5 million
years.

The diagnosis by Maglio (1973) states that elephants of

the genus Mammuthus are medium- to large-sized.
The earlier forms have flat molars with shallow

crowns; in later forms the teeth are relatively narro-

wer. The early forms have eight plates in the M3
,
in the

latest forms this number approaches twenty-seven.
The plate frequency of M3 varies from three in earlier

forms to eleven in the most late. Enamel thickness

varies from5.5 to 1.0mm. Crown height is 75 to 300%

of its width. The lower jaw in ancient forms has an

elongated symphysis, a short trunk and a shallow

coronoidprocess. The condyles are oval, positioned
more backward in the ancient forms and remarkably
forward in later forms. The skull is high, with no

depression in the middleof the apical part. There are

no parietal crests. The temporal pit becomes more

roundeddorsally. The widthof theskull at the level of

the orbits equals or exceeds the occipital width. The

occipital bones are inclined backward in early forms

and becomevertical or inclinedforward in later
repre-

sentatives of the genus. The tusks are usually long,

strongly curved and twisted spirally.

The diagnosis allows one to include into the genus

Mammuthus many different elephants, the type

species of the
genusamong

them.Studieson the denti-

tion suggest one-directedness of morphological chan-

ges of teeth in mammoth-like elephants.

Consequently, Maglio considers a higher number of

plates and increased crown height as changes at

species level. However, similar changes took also

place inother proboscids of the family Elephantidae,
in the loxodontand elephantoid elephants, which was

noted by Maglio (1973), too.

Although the changes in the dentition are considered

unequivocally, the tooth morphology, however, does

not necessarily reflect phylogenetic relations within

generaor even betweengeneraofa family. The change
in climatic conditionsof the habitatsof the latest repre-

sentatives of the mammoths reflects a transition to a

dramatically different life, leading to significant

morphological transformations not only in the denti-

tion.

The different points of view on how the system of

mammoth-like elephants should be built, including
the question of the origin of the North American

elephants, make clear that the use of a traditionally

accepted diagnostical feature alone is insufficient to

solve the problems (Sher et al., 1995; Todd & Roth,

1996; Lister, 1996). The status of the genus Archidis-

kodon is also highly disputable (Azarolli, 1997; Lister,

1996).

The system of mammoth-likeelephants proposed by
Garutt (1997,1986,1987) comprises only two species
and a number of subspecies into the genus Mammut-

hus. The throgontherial elephant is included into the

genus
Archidiskodon. This

genus, together with the

genus Mammuthus, is considered to constitute the

subfamily Mammuthinae (Simpson, 1945; Garutt,

1987). In our opinion, such a concept of a restricted

composition of the
genus

Mammuthusis highly desira-

ble as it reflects more adequately the peculiarities of

ontogenesis discussed in this work. Garutt's system
looks as follows:

Family Elephantidae Gray, 1821

Subfamily MammuthinaeSimpson, 1945

Genus Archidiskodon Pohlig, 1885

A. subplanifrons Osborn, 1928; Late Pliocene of Africa

A. africanavus: Aramburg, 1952;LatePlioceneofAfrica

A. rumanus Stefanescu, 1928; Late Pliocene - Early
Pleistocene of Eurasia

A. gromovi Garutt et Alexejeva, 1965; Late Pliocene of

Eurasia

A. meridionalis (Nesti, 1825); Early -
Middle Pleisto-

cene of Eurasia and N. America

A. tamanesis (Dubrovo, 1964); Early Pleistocene of

Eurasia

A. trogontherii (Pohlig, 1885); Middle Pleistocene of

Eurasia and N. America

A. columbi (Falconer, 1857); Late Pleistocene of N.

America

Genus Mammuthus Burnett, 1830

M. chosaricus (Dubrovo, 1966); Middle Pleistocene of

Eurasia

M. primigenius (Blumenbach, 1799); Late Pleistocene of

Eurasia

Dubrovo, in discussing the genus Mammuthus, inclu-

des the trogontherial elephant withinthat genus,and a

numberofspecies ofthe
genusArchidiskodon are consi-

dered synonyms or subspecies ofA. meridionalis (1964,
1966,1990).

A broaderconception of the
genus Mammuthus inclu-

des all mammoth-like elephants of the beginning of

the Pliocene, on the asumption of a phylogenetic
succession betweentheancientand the youngerrepre-
sentatives of the group during Pliocene and Pleisto-

cene. The status of the genus Archidiskodon then

appears to be equivocal, as noted by Lister (1996).

According to the latest data, the most ancient repre-
sentatives ofthe meridionalisgroupappear in Europe
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more than 2 millionyears ago. The totalnumberofM3

plates inthese forms is ten. Typical representatives of

A. meridionalis are known mostly from Europe and

Siberia; the Siberian finds might be somewhat youn-

ger thanthe European ones. The latest representatives
of A. meridionalisare dated around0.9 million

years.

The representatives of the trogontherii group
made

their first appearance 0.7 million years ago and the

earliest come from Western Europe (Soergel, 1912;

Zakrevskaia, 1936; Dubrovo, 1966,1975; Lister, 1996;

Todd & Roth, 1996). The timerange
of the most typical

M. trogontherii (M. armeniacus, nomen oblitum) is esti-

mated from0.6 to 0.3 millionyears ago. From 0.25-0.1

million
years ago on, the species transforms into M.

primigenius.

The structure of the lower jaw of the earliest represen-

tatives of the trogontherii group may vary, e.g.,

contemporaneous individuals with long and short

symphyseal part and mentalprocess are known from

Sussenborn. In the forms known from youngerlocali-

ties the symphyseal parts of the lower jaw are short,

e.g., a representative of a late throgontherii formfrom

the Cherny Yar locality (PIN 4394-2; dated about

0.2-0.3million years) has a short symphyseal part, and

the angle between the intermaxillary crest and the

horizontal plane approaches 90°.

Morphological differences between the early and the

late representatives of the genus M. trogontherii
formed thebasis for the discriminationof two succes-

sive subspecies, corresponding to the timerangeof the

typical representative of the species: M. trogontherii

trogontherii (Pohlig, 1885) andM. trogontherii chosaricus

Dubrovo, 1966(Dubrovo, 1966,1981). The latter form

is a transitional stage betweenM. trogontherii and M.

primigenius as its morphology is intermediatebetween

the typical representatives of these species. M.

trogontherii chosaricus is known from several localities

of the Volga Basin, the Urals foothills and Germany

(Stenheim).

The most ancient representatives of M. primigenius
known from the European and Siberian localities are

dated over 0.1 million years (Lister, 1966; Foronova,

Zudin, 1999). Among the diagnostic features of the

species M. primigenius are the following: M3 consists of

twenty to twenty-seven plates, the angle of eruption

and wear of teeth is between 39° and 66°, the enamel

layer is thin(1-1.5 mm). The skull is strongly compres-
sed in antero-posterior direction, the angle of inclina-

tion of the occipital bones is very large, the alveoli are

relatively long and directed almost vertically, and the

heigth to length ratio of the skull is 1.2 or more (in M.

trogontherii ca. 1.09). The lower jaw is short and deep,
and its symphyseal part is short. The carpal bones are

positioned aserially (Lister, 1996).

According to Lister (1996), the taxonomy of the genus

Mammuthus is as follows:

Family Elephantidae Gray, 1821

Genus Mammuthus Burnett, 1830

M. meridionalis (Nesti, 1825); Late Pliocene - Early
Pleistoceneof Eurasia

M. trogontherii (Pohlig, 1889); Middle Pleistocene of

Eurasia

M. primigenius (Blumenbach, 1799); LatePleistocene of

Eurasiaand N. America

The existence oftransitional forms between the genera

Archidiskodon and Mammuthusand the disputability of

the taxonomical position of some representatives of

the genus Mammuthus(species or subspecies) do not

allow to delimit unequivocally the
genus using only

the featuresbased on the structure ofM3, skull and the

lowerjaw, for
any

feature
may

be equally expressed in

forms with a differentstratigraphical distribution and

an obviously different taxonomical position . Conse-

quently, otherfeaturesshouldbe added for delimiting
the genus Mammuthus and determining the status of

M. primigenius within that genus.

To solve these problems the following features are

traditionally used: the directionof the alveoli, the rela-

tive length of the alveolar part of tusk, the position of

the nasal opening, the widthof occipital and cerebral

parts of skull, the structure of the cranial apex, the

shape of the occiput, the length of the symphysis and

the horizontalbranch of the lowerjaw, the structure of

M3 (enamel thickness, plate frequency, degree of

hypsodonty, crown height to width ratio). In many

cases, similar features are interpreted differently by
differentauthors.

Considering the morphological transformations

during M. primigenius ontogenesis, prior significance
should be attachedto the following features: the struc-

ture of occiput, the proportions of facial and cerebral

parts of skull, the timeof formation and thebeginning
of functioning of dp3-M3 teeth, the size of newborn

calves, the growth speed of calves during the first

postnatal year, the structure of dp2-d4, the structure

of plates and the wear figures on the teeth.

The data discussed in this work signal a special

morphological complex typical for the genus
Mammuthusonly, and are predetermined by the adap-
tation to a cold climate. In addition to the traditional

generic features of Mammuthus, these are: eruption of

teeth at an earlier stage of formation in comparison

with ancestral forms (especially M1-M3 generations),
a longer formationtime of the crown, and wear of the

anterior end of a tooth before the posterior plates are

completely formed. Thus, despite still not very trans-

parent phylogenetic relations within the mammoth-

like elephants, the genusMammuthusappears to be the

only form in the family that is adapted to the condi-

tions of a cold, seasonal climate.

In themore ancient genus Archidiskodon, M1-M3begin
to wear after their formationis completed, all plates
mineralized and cement is formed. In Mammuthus,

owing to feeding on coarse food, mainly grass (pasto-
ral feeding sensu Lister, 1996), tooth wear is much

faster than in ancient elephants of the mammoth-like

lineage, which feed on combined herbal and branch
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vegetation. In mammoths, dp4 - M3 begin to function

before the posterior plates are formed, and the cement

is formedonly on theanterior part of the crown. Toge-
ther with other features of mammoth tooth morpho-

logy, this peculiarity provides a significant additionto

the general picture of the dentitionof late representati-

ves of mammoth-like elephants, which allows us to

discriminate between the early representatives the

lineage and therepresentatives ofgenusMammuthus.

Regardless of the intermediate skull and lower jaw

morphology of M. trogontherii, i.e., a very high skull,

vertically directed tusk alveoli with a relatively large
alveolar part, intermediate body proportions, and

especially some peculiarities of tooth formation, it is

possible to include the species into the
genus

Mammut-

hus. During the formationof the teeth of the last gene-
ration and at time they begin to function, as well as in

some peculiarities of cranial structure, M. trogontherii

is closer to M. primigenius, and not to ancient forms.

Together withstructural morphology of the dentition,

this makes it possible to include both species into one

genus. Consequently, the genus Mammuthus

comprises two species withdifferentmorphotypes but

on the whole corresponding to the species M.

trogontherii and M. primigenius. Accordingly, the

volume of the genus and its origin should be connec-

tedwith the adaptation to a lifeunderPalearctic condi-

tions, where the arealofthe
group

varied greatly in the

late Middleand Late Pleistocene, and during certain

times elephant forms existed with a morphology inter-

mediate between the trogontherial elephant and the

wooly mammoth.

The
genus

Mammuthusappears to be a unique repre-

sentativeof the group. It originated and evolved in the

NorthernHemisphere outside the distribution zone of

most other mammoth-likeelephants inparticular and

proboscids in general. Obviously, the volume of the

genus should be restricted to forms with a complex of

morphological features reflecting adaptational pecu-

liarities of specifically northern mammoth-like

elephants. This complex is based on the features

connected with the sequence and speed of formation

oflast generations' teeth (dp4-M3) thatappearonly in

this genus, as no other Elephantidae including other

mammoth-likeelephants, have ever adapted to simi-

lar conditions. Stratigraphical distribution of the

genus falls within the timerange betweenthe second

half of the Middle Pleistocene and the beginning of

Holocene (Wrangel Island only).

The systematic start of the forms constituting the

genusMammuthus lies betweenthe latestrepresentati-
ves of mammoth-like elephants, i.e., the forms descri-

bed under the
genus Archidiskodon, and the most

ancient representatives of the genusM. trogontherii.

The genus Mammuthus moves to occupy a radically
differentecological niche. This transitionis well reflec-

ted in the change of distributionarea of mammoth-like

elephants in the latest Middle-Late Pleistocene.

During winter these elephants were deprived ofgreen

forage because of a vegetation growth stop. In

summer, they fed mostly on grasses,
which are relati-

vely coarser than bushes and tree branches, causing a

faster wear of tooth crowns in mammoths in compa-

rison with more ancient elephants of the mammoth-

like lineage. The latter, including their latest represen-

tatives of the beginning of the Middle Pleistocene,
lived under conditions of perennial vegetation. The

greater numberof plates constituting the crowns ofM.

primigenius teethof third to sixth (dp4-M3) generation
and consequently the longer time of crown functio-

ning compensates for the faster abrasion.

As indicated earlier, the structure and scheme of

formationof dp2 in M. primigenius and A. gromovi do

not differ much: the tooth consists of the same number

of plates, the plates are formed of roughly the same

number of enamel columns that fuse to one scheme,

from the crown base to its apex. In both forms the

fusion of enamel columns is complete. When the

crown of the first generation tooth starts to wear, a

complete enamel loop across the complete plate's
width is formed from the very beginning. To judge by
the specimens that were available during our work,

enamelthickness also differsonly slightly. The cement

formation on dp2 is similar, i.e., cement is formed

simultaneously over the entire plate surface.

The structure of dp3 shows differences in the number

of plates (eight to nine in M. primigenius and seven in

A. gromovi). Beginning with the second generation,
cement formation starts in the anterior end and

spreads onto the posterior end of the crown as descri-

bed for M. primigenius, which differs from that in A.

gromovi. From the beginning on, the wear pattern on

the masticatory surface ofthemammothtoothconsists

of an enamel loop across the entire plate width. In A.

gromovi the apices of the enamel columns, even in

completely formed plates, remainunfused, the top of

the plate remains subdivided into three larger
elements(one central and two lateral) and a numberof

smallerelements(according to the numberof columns

constituting each larger element). In modern E. maxi-

mus, a plate comes to the end of this stage before the

plate formation is complete. However, in Archidis-

kodon this stage is the final one, so the wear pattern

initially consists of three smaller loops and only the

subsequent wear shapes one large, closed loop across

the entire width of the plate. Several authors indicate

this type of wear of M2 and M3 (Soergel, 1912;

Gromova, 1965; Dubrovo, 1966; Maglio, 1973; Garutt,

1977; Foronova & Zudin, 1999).

The lack ofsignificant differences in dp2 morphology
and in the formation of dp3 plates suggests that the

differences betweenArchidiskodon and M. primigenius
are not much expressed during the early postnatal

stage. This common and probably ancient (plesio-

morhpic) feature is likely to persist in the ontogenesis
of all mammoth-likeelephants.

From dp4 on, the differences between A. gromovi and

M. primigenius in eruption time and time of crown
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formationbecome significant, and they are even more

significant in the teeth of subsequent generations. In

specimen GIN 300-122 (A. gromovi, a skull of a young

individual), Ml is partly exposed due to thebroken-off

alveolus. The crowncomprises of ten plates. The tooth

is not yet functional and sits inside the alveolus. All

plates are formed completely and covered with

cement. A similar degree of formation is shown by

non-erupted teethof subsequent generations in speci-

mens ZIN31216 (M 2) and GIN 270-10,ZIN 31217, both

M3 (photo 30, fig. 1:3). In these specimens, thecrown -

formation is completed before the eruption of the

toothand, consequently, before it becomes functional.

InM. primigenius, from dp4 on, the crown formationis

completed after about one half of the constituting

plates (six to nine) started to wear. In the subsequent
teeth the timeof crown formationincreases from

gene-
rationto generation.

Thus, this peculiarity of the formationof the dentition,

together with the degree offusion of enamel columns,

is of major importance in the diagnosis of the genus

Mammuthus. In combination with other features, it

provides reliable criteria for delimiting this
genus

from more ancientrepresentatives ofthe same lineage.
As a consequence, mammoth-like elephants in which

crown formation ends either before the crown beco-

mes functional, or precisely when the tooth erupts,
should be excluded from the genus.

The featurementioned above is known for all repre-

sentatives of M. trogontherii. The degree of expression
of this peculiarity in M. trogontherii differsfrom that in

M. primigenius: the time between eruption and the

completion offormationis shorter. However, unlike in

Archidiskodon, the crown is always functionalbefore it

is formedcompletely. So, the generic attributionof this

elephant may be precise if the proposed scheme is

used.

In themammoth toothM2 from Mauer, thirteenplates
are preserved, of which the anterior ten show wear.

The four posterior plates are incompletely covered

with cement, and regardless of the considerable wear,

are not yet fused (Soergel, 1912: tab. 1, fig. 10). In this

specimen, a loop across the entire plate width is seen,

and some slightly worn plates exhibit irregular wear

patterns. This peculiarity allows one to attribute the

specimen to the genus
Mammuthus(photo 30: 4).

A similar degree of formation is exhibited by theM3of

M. trogontherii from Tiraspol. This one is a typical form

of M. trogontherii trogontherii (Dubrovo, 1981) (photo

31). Eight anteriorplates of M3 are in wear, 4 posterior

plates are incompletely formed and lack cement. Four

anterior plates of M3 are in wear and two posterior

plates lack cement. The Tiraspol material was collec-

ted in the Kolkotova Balka ravine, a locality with the

same age as Sussenbornand Mosbach (Kromer, ca. 0.5

million years). This suggests that the representatives
of the genusMammuthus, with features typical for the

genus alone, were distributed over Eastern and

Western Europe as early as the second half of the

MiddlePleistocene.

The teeth of M. trogontherii from Bashkiria exhibit

similarpeculiarities ofM3 crown formation.Specimen
ZIN 31643(2), a M3, iscomposed oftwenty-two plates.
The specimen is illustrative for the plate formation

process. The anteriornineplates are inwear. The ante-

rior sixteen plates are completely covered with

cement, plate seventeen for one half fromtop to base,
and plate eighteen for one-fifth. The two posterior

plates are incomplete, their bases are still in the

process
of mineralization. In addition, the enamel

columns constituting these two plates are incomple-

tely fused. The number of columns constituting the

last but one plate is ten; the thirdplate from the distal

end of the molar consists of nine columns, and the

fourth from distal of seven. These plates are indicative

of the increasing number of constituting columns

depending on the stage of plate formation.The already
mineralized larger enamel columns become subdivi-

ded into smaller columns by partial individuationof

the apexes of the columns of the second order. The

fusion of the main enamel columns is directed from

lateral to central, and the apexes of the central enamel

columns are the last to fuse. The columns become

consolidated so tightly that the plates of this specimen
thatare already inwear exhibit initially irregular wear

figures, that quickly shape a large common enamel

loop across the entire plate width.

This type of wear has already been described in

mammoths and more ancient mammoth-like

elephants, and the composition of a completely
formed plate of one central and two lateral segments
has been notedalready (Soergel, 1913;Dubrovo, 1960).
This formation stage is known of M. primigenius, M.

trogontherii and Elephas, however, in the genus

Mammuthus the constituting elements fuse at a later

stage and a completely formed plate is not subdivided

into a medial and two lateral segments. An irregular
wear figure when a plate becomes functional is also

typical for the genus Mammuthus. In the same way the

M3 ofM. trogontherii, sp. ZIN31642(3), 29896,29963are

formed.

The specimen described as M. armeniacus (Falconer,

1856) from Erserum, Turkey (Adam, 1988:20) repre-

sents a heavily worn M3 of M. trogontherii: one third of

the crown is missing. So it is hard to determinehow the

process of formationdeveloped and to what extent the

features characterizing the genus Mammuthus are

expressed. To judge by the enamel thickness, plate

frequency and the wear pattern on the masticatory
surface it

may
be attributed to the most ancient M.

trogontherii (photo 30, fig. 5). It looks feasible in this

case, in addition to generally accepted diagnostic

features, to consider the above mentioned peculiarity
of plate formation leading to the elimination of a

subdivision of the plate into a central and two lateral

elements and an almost complete fusion of enamel

columns which is not typical for the more ancient
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mammoth-like elephants to attribute it to the
genus

Archidiskodon.

These features of tooth structure, together with the

peculiarities ofcranial morphology connected withan

adaptation to feeding on low grasses and bushes and

the quick growth of calves during the first postnatal

year, suggest the inclusionof the majority ofelephants
attributed to the species M. trogontherii and to the

species M, primigenius into the genusMammuthus. The

entire group of mammoth-like elephants from their

most ancient representatives on should be included

into one subfamily. However, the mammoth-like

elephants that do not exhibitmorphological peculiari-
ties typical for the genus Mammuthusshould be given

the status of a genus. In this case, the subfamily inclu-

des two genera at least (including the genusMammut-

hus). The generic system should be as follows,

Family Elephantidae Gray, 1821

Subfamily MammutinaeSimpson, 1945

Genus MammuthusBurnett, 1830

M. trogontherii (Pohlig, 1885)
M. primigenius (Blumenbach, 1803)

The system proposed is by no means absolute or final,

as no forms with transitional morphology have been

considered in this work. However, the data represen-

ted and discussed in thisbook unequivocally suggest a

drastic restriction of the genus Mammuthus, of which

this system is a reflection.



68

Ecology and ethology of M. primigenius

Sevsk: a unique deposit of remains

of a mammoth herd

The most important data on age and sex composition
of a family groupof M. primigenius individuals were

obtainedfrom a study of materialfrom the Sevsk loca-

lity (Bryansk region, Russia). This locality is a unique
natural deposit of remains of M. primigenius with an

alluvial genesis.

With regard to the area occupied by the bone-bearing
lens containing the mammoth remains and the

numberof bones found (about 4,000), the Sevsk loca-

lity appears to be the largest natural deposit of

mammoth remains in Europe. All other large Euro-

peanaccumulations ofmammothremains are connec-

ted with humanactivities, and thus artificial in origin

(Lavrov & Maschenko, 1991; Maschenko, 2000), or, in

the case of the North Sea, are not found in situ.

The Late Pleistocene mammoth sites and natural

deposits of Eurasia and North America provide

important comparative data on bone representation
and

age profiles of mammoths, but these data differ

significantly from those gained from the Sevsk mate-

rial (Vereschagin, 1972,1977;Vereschagin & Nikolaev,

1982; Maschenko, 1992,1994,1995; Softer, 1985; Frison

& Todd, 1986; Haynes, 1985, 1989, 1990, 1992, 1999;

Agenbroad, 1984, 1990, 1994; 1995; Agenbroad &

Mead, 1994; Saunders, 1999).

The geological ageof the Sevsk locality, determinedby
radiocarbon dating of mammoth bones from themain

bone-bearing layer, is 13,950+70 years (GIN 5778);

dating of a tusk from the highest level of the bone-be-

aring layer is 13,680+60 years (GIN 6209). The locality
is situated in the southeastern part of the Bryansk

region in the Sev river valley. The valley is about 3 km

wide in the environmentof the locality. The relief of

the valley was formed during theLate Pleistoceneand

Holocene. Along the left side of the valley there are

several ancient residual table-rocks. The locality is

situated on the western flank of the largest one, 400

metresaway fromthe modernbedof theriverSev. The

bone-bearing lens is crescent-shaped with a southeast

- northwest oriented axis. The area of the lens origi-

nally measuredabout800-1200square metres. Beyond
the limits of the area no other Late Pleistocene

mammal bones have been found so far (Maschenko,

1992). All deposits of Sevsk, including the bone-beds,

are attributed to alluvial deposits of the Sev river

valley and are illustrative for the formation history of

the locality.

The burial of a single groupof mammoths is a unique
feature of the locality. The group was buried practi-

cally at the spot where the animals died. Their

complete skeletons and isolated bones remained

untouched inthe bone-bearing lens and were not rede-

posited, which is unlike the situation that may be

observed in places ofmass deathsof modernL. africana

(Haynes, 1992) and inM. columbi localities (Frison &

Todd, 1986). The good preservation of five complete
skeletons of mammoth calves of different individual

age are indicative for this.

Geological data suggests that the formation of the

mainbone-bearing layer of the locality (the lower one)
occurred

very fast,probably withinone season as indi-

cated by the very homogeneous structure of the

component middle-grained sands. Variations in

thickness of the sand layer (from 15-30 to 50 cm) are

accounted for by correlate depressions and uplifts of

the bed of the ancient basin where the sedimentation

and burial of mammothremains occurred. The bone-

bearing layer that covers the subjacent beds (flatly

thin-layered, lightgrey, fine-grained sands) is partly
washed. The structure of layers and the grain compo-

sition of the subjacent sands are suggestive for a

slow-flow basin, probably a lake. The washing of the

top segment of these sediments indicates a change in

the hydrodynamic regime: a higher speed of the

current beforeor during the formationof thebone-be-

aring sediments. In addition, cryogenic faults were

observed at theborderbetween the deepest level of the

bone-bearing layer and the lacustrine depositions

(Maschenkoefa/., 1993).

The bone-bearing layer is covered by sandy to clayish

deposits (up to 50 cm thick) that also contain

mammoth remains. These are intermingled layers of

sand, sandy loam and sandy clays each 1-4 cm thick,

that form a complex of alluvial deposits, which is, in

fact, another bone-bearing layer. About 20% of the

total bone findsof the locality was collected from these

deposits (Maschenko, 1992;Maschenkoefal., inpress).

The main bone-bearing layer evidently was formed

under conditions of a crescentic lake. As the covering

sandy to clayish deposits of the upper bone-bearing

layer suggest, this lake was later transformed into a

part of a lowland floodplain with seasonal sedimenta-

tion of sands, sandy clays and loams.

Study of the diatomfloras from the subjacent lacus-

trine sands, the main bone-bearing layer, the upper

bone-bearing layer and the cover sediments (brown

sandy loams up to 30-40 cm thick with lightgrey sand

bands) reveals agradual change in the generic compo-
sition of the diatomflora, which corresponds to chan-

ges of the basin type. Cold-resistent species that

inhabit barred basins and basins with slow running
water with a neutral pH (e.g., lakes) are typical of the

main bone-bearing layer. The upper bone-bearing

layer is characterized by species typical ofwaters with

deviated pH, such as constricted ponds or marshy
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floodplains. In the upper part of the section species

typical of marshes dominate. These data, combined

with geological data, suggests a degradation of the

basin from a crescentic lake with a slow current

through marshy floodplain and finally to a marsh

(Maschenko et al., in press).

The main bone-bearing layer was evidently formed

during the stage of the crescentic lake that accumula-

ted deadanimals' bodies during aflood. The formative

mechanism of a similar bone accumulation in loop
lakes was described for the Berelekh locality where

about 8,000 bones were collected (Vereschagin, 1972,

1977; Baryshnikov et al, 1977). As Vereschagin (1972)

showed, the bodies of large mammals were washed

into the looplakes during subsequent flood seasons in

which the water rose quickly. Unlike the
process in

Berelekh, the formation of the Sevsk main bone-be-

aring layer occurred within a relatively short time,

probably during oneseason only. The formationof the

upper bone-bearing layer was accompanied by a

partial redeposition of bones. In the case of Berelekh

and similar localities, complete skeletons in situ were

not discovered:bones from different individuals were

shuffled during resedimentation by flood waters

during subsequent seasons (Vereshchagin, 1979).

The outstanding preservation of the Sevsk mammoth

remains differs from that in all other known Eurasian

localities withM. primigenius. The main bone-bearing

layer has preserved complete articulated skeletons of

mammothcalves (from anewborn to individualsaged
five to six years). Many partial skeletons witharticula-

ted bones have also been preserved. Most frequent

among themare carpal and tarsal bones and vertebral

columnswithribs. Less frequent are pelvic bones arti-

culated with femurs, and scapulas with humeri, as

well as humeri with ulnas and femurs with tibias

(Maschenko, 1991,1993,2000; Maschenkoefah, 1993).

Well-preserved remains were concentrated in the

central area of the bone-bearing lens, in the lowermost

part of the ancient basin. Some bones of adult indivi-

duals were slightly moved away from the place of

their original burial, but still in the place where the

animal died. For modern African elephants, the

mechanism of carcass decomposition under natural

conditions was described by Hay nes (1991). The

description applies to the Sevsk locality as well, howe-

ver, with some restrictions. Here thepartial redistribu-

tion of bones over the site is betteraccounted for since

the partial destruction of the bone-bearing layer

during subsequent flood seasons amounts to a mere

15-40 cm. Parts of large bones that protruded fromthe

layer were also destroyed by erosion, as well as by
some other factors, including activities of carnivores

and rodents. However, such bones consitute less than

1 % of the total amount in Sevsk, and all bones dama-

ged by rodents were collectedfromtheupperbone-be-

aring layer only (Maschenko & Gablina, 1996;

Maschenko, 2000; Maschenko et al,, in press).

The bones in the bone-bearing layers are not sorted

either by size or weight, show no traces of water wear,

and the long bones lack an unidirectional orientation

such as is observed whenbones are transported by the

current (Efremov, 1950). During decomposition in the

openair, theremainsofa single body of a modern Afri-

can elephant may cover an area of about50-60 square

metres (Haynes, 1991). In the Sevsk locality, bone

material collected from areas adjacent to large partial
skeletons appear to belong for the greater part to these

Fig. 38. Dimensional variability of the humerus (a), the ulna (b),
the femur (c) and the tibia (d) in different

age groups (I to V) of

mammoths from Sevsk locality, Bryansk region: I = newborn upto
2 years of age; II = 2 upto 5-6 years of age; III = 7 upto 11-13 years

of age; IV = 13 upto 35 years of age; V = over 40 years of age; VI =

humerus of the largest individual (probably male) with non-fused

epiphyses; x = specimens with completely fused proximal and

distal epiphyses; •.= shafts with non-fused epiphyses; H =

specimens with fused distal (a, c, d) or proximal (b) epiphyses.

Grootteverschillen in de schachtlengtevan de opperarm (a), de el-

lepijp (b), het dijbeen (c) en het scheenbeen (d) in verschillende

leeftijdsgroepen (I tot en met V) vanmammoeten uit Sevsk: I =

pasgeboren tot twee jaar; II = twee tot vijf-zes jaar; III = zeven tot

elf-dertien jaar; IV = 13 tot 35 jaar; V = ouder dan 40 jaar; VI = op-

perarm van het grootste individue (waarschijnlijk mannelijk) met

niet-vergroeideepiphysen; x = schachten met volledig vergroeide
bovenste en onderste epiphysen; • = schachten met niet-vergroei-
de epiphysen; H = schachten met vergroeide onderste (bij a, c, en

d) of bovenste (bij b) epiphysen. Vertikaal: schachtlengte; horizon-

taal: schachtbreedte, gemeten aan onderuiteinde.
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same skeletons. In addition, in Sevsk, bones from a

single individual are distributed over a smaller area

than is typical for boneremainsof Africanelephants. It

is probable that some bones from the peripheral parts
of the lens (about 20% of the total amount of bones)

were redeposited fromthe lower (main) bone-bearing

layer when the upper layer was formed. In the upper

bone-bearing layer there are no partial skeletons with

articulated bones, and these isolatedbones are preser-

ved worse than bones from the lower bone-bearing

layer. A numberofbonesfromthe upperbone-bearing

layer are broken, whereas thereare only a few broken

bones from the lower layer.

Observations on the decomposition of skeletons at

places of animals' deaths show that complete decom-

position of skeletons of adult individuals uncovered

by sediments may take two to four years, while a calf

skeleton under similar conditions is destroyed much

faster (Haynes, 1991). The data of the Sevsk locality

suggests that its formation took a very short time, as

many complete skeletons of animals in different age

categories are preserved there.

Several bonesof other mammalswere also collectedin

Sevsk, constituting less than 1% of all bone material

collected at the locality (table 21). In the Berelekh loca-

lity, which was formed during several hundreds of

years, remains of other large mammals constitute

more than 8% ofall finds. Though mammothremains

are dominant, bones of other mammals were also

gradually accumulated here. Owing to the
very fast

formation of the Sevsk bone-bearing layer, bones of

other mammals are only occasionally represented
here.

With regard to the total number of individuals that

died inSevsk, a relatively large portion of thebones is

preserved. The number of preserved specimens

expressed as a percentage of thetotal possible number

reaches 70% for some bones (table 22). The percentage

quite probably might have been even higher, but part
of the site (about 100-150 square metres) got lost when

sand was taken for industrial purposes from the

quarry in the spring of 1988 and the autumn of 1989.

Twelve large and six small siliceous chips, attributed

to the Late Paleolithicon the base of typology, were

collected in Sevsk (Maschenko, 1992). They were reco-

vered from the basal level of the main bone-bearing

layer. The absence oftraces of patination suggests that

they were a relatively very short time covered with

sediments. However, they got into themainlayer after

its formation. The chips must have fallen and penetra-
ted the loose sediments of themainbone-bearing layer

(pers. comm. S.N. Alexeev, Anthropological Institute

RAS, Moscow, and N.D. Praslov, Instituteof Archaeo-

logy RAS, St Petersburg. Traces on the bones caused

by humans (cuts, scrape scars, broken bones, etc.) are

absent. The availability of undamaged and complete
skeletons and large partial skeletons testifies to the

absence of a relation between humans and the forma-

tion of the Sevsk deposit. Humans did not use bones

from this burial.

The peculiarities discussed makeSevsk aunique natu-

ral (regarding its taphonomy) locality of M. primige-
nius remains. Owing to the fast formation of the

bone-bearing layer without redeposition of any

importance, the preservation of the material is very

good. The availability of skeletons of calves of diffe-

rent ages is an outstanding event in the history of

mammothstudies, which is enhanced by the simulta-

neous presence of remains of adults belonging to the

same family group.
The data on the Sevsk mammoths

can tell us a number of peculiarities of the biological
and social organization of M. primigenius that have

hitherto been unknown.

The structure of M. primigenius fam-

ily groups as revealed by the Sevsk

mammoths

The assumed similarity of social organization and

group structure between mammoths and modern

elephants has been made more than once. Indirect

evidencerelating to similarity ofage
and sex composi-

tion between herds of M. columbi and of modern

elephants was obtained from the studies of the Dent

locality (Weld County, Colorado, USA) (Saunders,

1999). The Sevsk data supports thatevidence as far as

M. primigenius herds are concerned. The Sevsk

mammoth herd consists of females and calves;
remainsof only one large individualmight belong to a

male. In other words, the composition of the Sevsk

mammoths' family group does practically not differ

from thatofmodernelephants. The analysis of ageand

sex composition of the Sevsk herdprovides additional

supporting evidenceofa fast formationof the deposit,

probably as a result of a catastrophic event.

The total number of bones recovered from Sevsk is

3,751 (collection PIN 4353) plus over hundred bones

stored in the natural history museums of Sevsk and

Bryansk. The number of individuals buried was calcu-

lated on the basis of preserved long bones (humerus,
ulna, femur, tibia). Other bones, such as shoulder

blades, pelvic bones, bones of the skull and lower jaw,
were also taken into consideration. To determine the

number of individuals more precisely, isolated

epiphyses of long bones were counted separately and

their number was compared with the number of long
bones lacking epiphyses. In case the number of

epiphyses was higher than the number of bones

preserved, the surplus was considered long bones, as

in the case of the tibias.

The total number of individuals was determined on

thebasis ofthe bones of the left sideof the skeletons. In

case the shafts of the left side were not preserved, the

number of corresponding epiphyses was regarded as

such. Sometimesbones fromtheright sideof skeletons

were taken into consideration, e.g., when
correspon-
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ding bones with a given degree of epiphyseal fusion

were lacking on the left side. Given the excellent

preservation of the Sevsk mammothremains, this type
of calculation ensures utmost precision in the estima-

tion of the number of individuals that died in Sevsk,

whichis 33 in this case; a less probable estimationis 34.

The method of determinationof age and sex composi-
tionbased on long bones ofM. primigenius was worked

out in studies of the Berelekh material (Baryshnikov et

al.
r 1977). The age groups were determined by the

dimensions of the shaft of the long bones and the

degree of fusion of the epiphyses. The ranges of age

groups,
established by means of the stage of develop-

ment and the degree of fusion of long bones were

defined more precisely for modern and some extinct

elephants by Roth (1984), and, withrelationto M primi-

genius, by Lister (1999). The determinationof indivi-

dual age based on the degree of epiphyseal fusion is

more reliable ifcombinedwith data on the tooth gene-

rationin function. Among the adultSevsk mammoths

there were only two individuals of which the skeletal

fragments were associated with the skull and the

lowerjaw. The age of the other adult individualsfrom

Sevsk was determinedbased on comparison with refe-

rence data on the speed and sequence of epiphyseal
fusion, and the dimensions of the long bones,

combinedwith dataon sexual dimorphism in modern

elephants and mammoths. Special consideration was

given to the possibility of a discrepancy between the

individual age determined by tooth wear and by the

stage of formationof the long bones owing to indivi-

dualdifferences (Roth, 1984), which is thereason why
theage grouping of the Sevsk mammoths differs from

thatproposed by other authors.

Complete skeletons of calves of different ages in the

Sevsk mammothcollectionprovided the first opportu-

nity to estimate the limits of size variability withinage

groupsby means of isolatedbones of immatureindivi-

duals withunformedor unfused epiphyses (table 23).
These skeletons also provided reference material for

thepurpose of determining bones ofother calves with

unfused epiphyses. The determinationof their indivi-

dual age was based on data on the growth speed of

mammoth calves during the first years of life. Cross-

comparison between individuals of the Sevsk herd

and data on complete mammothskeletons from other

localities also helped in determining the sex of the

adult individuals from Sevsk.

The following relatively complete immatureskeletons

from Sevsk were collected: an incomplete newborn

skeleton (PIN 4353-2614 to -2717, photo 32: 1), a

complete newborn skeleton (PIN 4353-1223, -1233,

-1588 to -1563, -1594, -1596, -1838, -1844, -1885, -1888,

-1980, -2162, -2163, -2225 to -2227, -2355, -2356, -2380,

-2405, -2441, -2451 to -2460, -2464, -2495, -2499, -2507,

-2543, -2544, -2549 to -2551, -2661, -2916 to -2920, -2923,

-3100 to -3106, -3127, -3148), a complete skeleton of a

one-year-old calf (PIN 4353-211 to -965, photo 32: 2), a

complete skeleton of a calf aged three to four years

(PIN 4353-447to -585, photo 34:1), and an incomplete

skeleton of a youngster aged six to seven years (PIN
4353-14 to -1325, photo 34: 2).

From table 23 and fig. 39 it appears that out of the 33

individuals that died in Sevsk, five were in the
age

range fromnewbornup to two years (15.1 % of the total

number), four in the range from two up to five to six

years (12.3%), five in the range from six to seven up to

eleven to thirteenyears (15.1 %), nine in the range from

thirteen up to thirthy to thirty-five years (27.2%), and

ten individualswereover thirty-five to fourty years of

age (30.3%).
The

age composition of the Sevsk herd differs from

that of mammoth groups
from the Berelekh locality

and most sites on the Russian Plain; the data on the

group composition from the Mezen' site (Bryansk

region, Russia) was used for comparison (Verescha-

gin, 1977,1982; Soffer, 1985). It is an import observa-

tion that immature individuals (thirteen years and

younger) constitute almost 45% of the group (fig. 39).
The calves' sex can hardly be identified, but we

assume that the sex ratio among
newborns is on

average one to one, as in modern elephants. In the

Berelekh locality and the Mezen' site, immature indi-

viduals constitute only 11-12% of the total (Verescha-

gin, 1977,1982). A similar percentage was calculated

for other Late Paleolithic sites of the Russian Plain

(Soffer, 1985). This is also a common death rate in

populations of L. africana (Sikes, 1967; Haynes, 1992).

Among the nineteenadults, twelve or thirteen indivi-

duals have completely fused epiphyses on the long

bones, and fouror five individualshave an incomplete
fusion of the distal epiphyses, with well-expressed

epiphyseal sutures. These animals, especially females

aged thirty to thirty-five years and older, appear as a

distinct group in the size diagram of the long bones

(fig. 38), but one individual, presumably amale, occu-

pies a separate position in the diagram.

The profile of the Sevsk age diagram is very similar to

the diagram of mass deaths of modern African

elephants (Haynes, 1990, 1991). Haynes notes that

during extreme droughts almost 90% ofthe animalsof

a population die, and that almost all deaths occur

among females, immature individuals and calves.

Assuming a simultaneousdeathofthe Sevsk herd, one

may conclude that the
age

and sex composition of the

Sevsk family group is very similar to that in a L. afri-
cana family group; the age diagram is also indicativeof

a simultaneous death of the whole group.

Three out of five calf skeletons from Sevsk belong to

the first age group (two newborns and one yearling).
No isolated bones of calves at this stage of develop-
ment were collected in Sevsk, so the proposed upper

and lower limits of variability are based on the measu-

rements of the bones from these three skeletons only

(fig. 38:1).

The second age groupis represented by a skeletonof a

calf aged three to four years (PIN 4353-447 to -585)

(photo 23: 1). The preserved facial part of the skull

contains functionaldp4 teeth. In spite ofsome damage,



Ecology and ethology of M. primigenius

72

it ispossible to ascertain thatnotall plates of the dp4are

touched by wear. The upper and the lower limits of

this size group are based on an estimation of the

growth speed of the long bones during the first post-
natal years. As individual variability in young
mammals

may
be

very great, these dimensions cannot

reflect completely all possible size variations in bones

of mammoth calves of the second age group. They

represent mean values, based on data on the reference

specimen, the individualage of which had been relia-

bly determined(fig. 38:2). The size ranges of the ulna,

measuredby the diametersof the proximal ends, over-

lap in
group

I and II. However, the shafts in group II

are longer. In groupIand II the diametersof the proxi-
mal ends of the humerialso overlap, and in group II

the shafts are also longer.

The third age group is represented by a skeleton of an

individual aged six to seven years (PIN 4353-14 to

-1325, photo 33: 2). The functional tooth generation

preserved in the facial part of the skull is that of dp4.

The teeth are worn substantially; only ten plates

remain. It is probable that at least four or five anterior

plates were worn downcompletely. Other skulls ofM.

primigenius showing a dp4 with a similar degree of

wear have a M1 in the first stage of wear.

This age group is represented by a relatively small

number of remains fromSevsk. This is the reason why
the upper limit of size variability is based on the

measurements of the bones of this six-to-seven-year-
old female: they are the largest insize of the entireage

group III sample. The upper age limit in the third

group is provisionally established at thirteen
years.

This is the age that roughly corresponds to the end of

maturation, as far as can be judged from the diagram

ofabsolutegrowth (fig. 34). The maximumsize of long

bones in the third groupmay be somewhat larger than

those of the individual aged six to seven years. This

deliberation takes into account that bone growth in

mammoth cows slows down considerably (fig. 31).

The size diagram of the long bones (fig. 38a, b) shows

that in groups II and III the maximum lengths of ulna

and humerus slightly overlap, but the diametersof the

proximal ends of the ulna and the distal ends of the

humeralshafts are always greater in group
III.

An outstanding example of the differences between

mature male and female skeletons is provided by the

Yuribei River (Gydan Peninsula, Tyumen' region,

Russia) mammoth skeleton (PIN 3941-1 to -130). The

individual age
of this specimen (eleven to thirteen

years) was determinedon the basis of its tooth genera-

tion: all Ml plates are in wear (Dubrovo, 1982). This

age corresponds to the third age group
from Sevsk.

Comparison of the measurementsof the long bones of

the Sevsk group III and theYuribei mammothreveals

that the latter ismuch larger (table 23). The dimensions

of the long bones of the Yuribeimammothcorrespond

to the dimensionsof the long bones of anadult indivi-

dual (over 35-40 years) fromSevsk, or to adults (13-35

years) from Berelekh (Baryshnikov et ah, 1977). The

degree of epiphyseal fusion in the long bones of the

Yuribei mammoth corresponds to that in the Sevsk

group III (all epiphyses are unfused). This discrepancy

between body size and individual
age might be

accounted for by slow toothwearin the Yuribei speci-
men. However, it is not typical ofM. primigenius. Even

if a delayed tooth change is taken into consideration,

the age of the Yuribei mammoth cannot be over thir-

teen to fifteen
years; the size of the skeleton makes the

mammothstand out in the older age group.
A more

reasonable explanation of the large size of the Yuribei

River mammoth(the mountedskeletonis 270cm high)

in comparison withother individuals of the same age
is the assumption that this one is a male.From the end

ofmaturationperiod (twelve to fifteen years), modern

elephants show explicit sex dimorphism in the sizes of

males and females (Stanley, 1943; Rench & Harde,

1956; Johnson & Buss, 1965; Lee & Moss, 1994; Suku-

mar et ah, 1988). If it is assumed thatmost specimens
from the Sevsk

groups
III and IV are females, and the

Fig. 39. Group composition ofmammoths from Sevsk locality, the

Mezen Site (both Bryansk region) and the Berelekh river

(Vereschagin, 1977): I = Mezen; II = Berelekh; III = Sevsk; 1 =

newborn upto 2 years ofage; 2 = 2 upto 5-6 years of age; 3 = 7 upto

11-13 years of age; 4 = 13 upto 35 years of age; 5 = over40 years of

age.

Groepssamenstelling vanmammoeten uit de vindplaatsen Sevsk,

Mezen (allebei regio Bryansk) en de Berelekh rivier (Vereschagin,

1977), inprocenten per leeftijdscategorie. I= Mezen; II = Berelekh;

III = Sevsk; 1 = pasgeboren tot twee jaar oud; 2 = twee tot vijf-zes

jaar oud; 3 = zeven tot elf-dertien jaar oud; 4 = 13 tot 35 jaar oud; 5

= ouder dan 40 jaar.
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Yuribei mammoth is a male, that could well account

for the differences in size.

Age group IV is composed of remains of individuals

whose growth was stillcontinuing. The groupis repre-

sented by an incomplete skeleton of a female (PIN
4353-4to -3573, photo 34:1). The functionalteeth in the

skull are M1-M2. The M1 plates are all in wear; four

anterior plates of M2 are also in wear. To judge by the

tooth generation, the individual age
of this specimen

should be fifteento seventeen years. The height of the

mountedskeleton at its highest point, the apex of the

skull, is about 185 cm.

All humeri and femurs with fused distal epiphyses
and incompletely fused epiphyseal sutures are refer-

red to the fourth group. Humeraland femoral shafts

that lack epiphyses but fall into the size range of the

fourth group are also included here. This
group

also

comprises all tibias and ulnas with incompletely fused

distal epiphyses and tibialand ulnar shafts that lack

distal epiphyses, but are larger in size than those in

group III. Some lengths of ulna and tibia in the

diagram of fig. 38 IV were conceived as the combined

measurements of shaft and epiphyseal lengths. The

dispersion of values in this group is the largest,
because this period of ontogenesis is characterized by
maximal physiological activity. In cows, this period is

the
apex

of birth-giving capacity, in bulls the apex of

reproductive activity (Haynes, 1991; Shoshani et al.,

1991). The diagram sketched in fig. 36 (group IV) does

not reveal the significant differences that would be

reflected if the sample includedboth males and fema-

les, as sex-bound size differences in modernelephants
and in mammoths are very big during this period.

Consequently, the sample consists of females only.

All long bones with completely fused proximal and

distal epiphyses are referred to the fifth age group.

Individual growth in this age group has stopped

completely, so it comprises individuals over 35-40

years of age (fig. 38, V). Dimensions, proportions and

variability of long bones of the individuals that

compose this group show that all but one are females

(table 23). The largest Sevsk individualreferred to this

age group is probably a male (PIN 4353-314 to -3837,

photo 34: 2).

Comparison of the sizes of long bones of mammoths

from Sevsk and Berelekh shows that the individuals

from the former locality are smaller. It is probable that

the Sevsk mammoth population consists of the smal-

lest representatives of the genus M. primigenius in

Eurasia. Considerable size differences between

dispersed populations of M. primigenius at the end of

the Pleistocene are well known (Vereshchagin, 1972,

1977; Vereshchagin & Nikolaev, 1982;Coope & Lister,

1987; Vartanyan et ai, 1993; Derevianko et al., 1997;

Kubiak, 1999). In particular the differences in body

height range from 2 to 3,3 m. These facts testify to a

significant polymorphism in late representatives of

the genus M. primigenius that reflects real differences

in the environments of populations that inhabited

differentareas of Eurasia.

In body size, the Sevsk mammoths are comparable
with the small mammoth form described from the

early Holocene ofWrangel Island, M. primigenius vran-

geliensis Garutt, Averianov et Vartanian, 1993 (Averia-
nov et al., 1993). The description of this species was

based on M3 and M3 only. The dimensionsof the long
bones are unknown,but indirect dataindicatesdimen-

sional similarity between the Sevsk and the Wrangel

populations. The relatively smallM3 inall probability
testifies to the small size of the Wrangel mammoths,

perhaps the smallest representatives of the genus M.

primigenius. However, theremay be no direct correla-

tionbetweentooth size and body size in elephants, so

the dimensionsof mammothsfromthe Wrangel popu-

lation may even have been smaller than those of the

Sevsk mammoths.

The M3's of Wrangel and Sevsk are similar in length
and width, but differ in frequency of plates and

enamel thickness (table 24). Data on the Berelekh and

other Late Pleistocene localities of eastern Siberia

shows that in all these regional populations the

number of plates is higher and the enamel thickness

smaller (Rusanov, 1968; Zerechova, 1977; Sher &

Garutt, 1985a, 1985b; Lazarev & Tomskaia, 1987;

Averianov et al., 1993). In the Sevsk population, the

enamel is thicker than in all other mammoth popula-
tions of eastern Siberia and central Russia (fig. 40).
These differences are particularly significant in the

enamel thickness of M3. A slightly increased enamel

thickness and a decreased number of plates were

noted in only one population of the latest M. columbi

(Saunders, 1995).

The long bones of one individual are considerably
more sizeable than those of all other adults, which

suggests that this one might be a male. The femur of

this individual (PIN 4353-2792, photo 24: 1) is 1010

mm, whereas the mean valueamong theadults is 880

mm (max. 920 mm). The tibia that most probably

belongs to the same individual exhibits incompletely
fused epiphyseal sutures (PIN 4353-555, photo 35:1).
All other tibias of adults with completely fused

epiphyseal sutures are considerably smaller, e.g., that

of the specimen PIN 4353-1240(photo 35:2). This tibia

probably belongs to the smallest Sevsk adult: its length
is 46 cm. The skeleton of this individual must have

been 170-180 cm high (calculated with reference to the

specimen PIN 4353-1240). The height of the mounted

skeleton of the largest individual considered to be a

male is235 cm. The estimated live weight of the Sevsk

mammothbull based on its size is 3-3.5 tons, that of a

mammothcow is 1.8-2.2 tons.

There are a number of differences in dimensions and

shape betweenmammothtusks from theLate Pleisto-

cene of Siberia and those fromSevsk (table 25). Studies

by Vereshchagin & Tikhonov (1986, 1999) show that

the tusks of the eastern Siberian mammothcows are on

the whole thinner and straighter, and those of the
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mammoth bulls thicker and spirally twisted. These

authors used the curvature coefficient (K/k) to deter-

mine the sex to which an animal belongs. This

coefficient provides reliable data on sexual

dimorphism within the material they studied. The

mean values of K/k are 46.7 for males and 31.7 for

females (Vereshchagin & Tikhonov, 1986). The shape
of the tusks in the only complete female skeleton from

western Siberia (Oesh' River, Novosibirsk region,

Russia) is illustrativeof the existence of such differen-

ces between males and females all over Siberia

(NNSM). The spirally curvature is insignificant and

the tusks are almost straight. The length of the longer

(right) tusk is 114 cm whenmeasured by cord and 140

cm when measured along the curve. The greatest

diameterof the tusk incross section is 74 mm. The indi-

vidual
age

of the female is 40-45
years (all plates in

wear). The height of the mounted skeleton is ca. 215

cm.

In determining the sex of theSevsk mammoths the use

of the curvature coefficient alone is insufficient

because this population shows some peculiarities.
Some Sevsk mammoth cows had extremely twisted

tusks, however small in diameterand length. On the

other hand, the individualconsidered to be malehad

the largest tusks but they are only slightly twisted

(table 25, nos 4353-3566,3565). Besides, comparison of

data published by Vereshchagin & Tikhonov (1986)
with the Sevsk datashows thatmost tusks from Sevsk

are considerably smaller than female tusks from Sibe-

ria (fig. 41). Only one individual from Sevsk has tusks

that are comparable in size with female tusks from

Siberia(fig. 41b: I), but thisindividualmightbe a male.

A striking peculiarity of the skeletal morphology of

the Sevsk group is the presence of openings in spinal

processes of thoracic vertebras (photo 35: 4, 5). Such

holes were observed in at least threeor four calves and

one adult. In mammals suchfeatures are usually gene-

tically fixed, they are inherited and preserved in

family groups. Inheritanceand distributionof similar

features are described in humans from archeological
sites and in domestic animals.

The data discussed aboveshows that most parameters
of the Sevsk

group are similar to those of a family

group of modern elephants that consists of closely
related femalesand calves only. Geological and tapho-

nomic data on the Sevsk locality (e.g., the
presence

of

remains of newborns) suggests thatall animals consti-

tuting the group died simultaneously as a result of a

certaincatastrophic event, e.g., a quick rise of water in

the ancient valley of the river Sev.

The structure and age profiles of M.

columbi male and family groups

Comparative data on groups and group composition
of mammoths are available only for M. columbi from

two North American localities: Hot Springs (South
Dakota, USA) and Dent (Colorado, USA). Apart from

Sevsk, there is no data on age and sex composition of

M. primigenius from other Eurasian localities, partly
because all these did not result from the spontaneous

death of a group, but were formed through many

years
of bone accumulation, and partly because of

extensive bone-collecting in the places of mass accu-

mulation.

Hot Springs is a major natural locality of remainsof M.

columbi in North America (Agenbroad, 1984, 1990;

Agenbroad & Mead, 1995 (eds), 1996; Haynes, 1987,

1990,1991). This site was a large natural trap that had

existed for a very long time (ca. 1000 years). During
that time about 100 mammoths met theirdeath there.

The radiocarbon age of the site is about 26,000 years

(Agenbroad & Mead, 1996). Mammoths were attrac-

ted to the area most probably by the availability of

water and, even more important, of mineral salts that

covered the soil around the water source. A similar

concentrationof groups of L. africana around plots of

soil that contain mineral substances was described by
Shoshani et al. (1991). It was supposed that the loca-

tions of M. columbi andMammutamericanum in North

America relate to sources of mineral substances

(Abraczinskas, 1994). Some data has emerged that

indicates sources of mineral substances as the areas

where M. primigenius remains were accumulating
because

groups
of animals visited these sources for

many years (Leschinsky, 1999; Maschenko, 1999;
Derevianko et al, 2000).

In Hot Springs the mammoth remains consist of

complete skeletons or large fragments, some bones of

which have preserved theirarticulated position. Only
a few groups of bones are relatively scarce (table 26).
The majority of the remains represents individuals of

twenty to thirty-nine years of age (55% of the total

numberofbones), whereas individualsof ten to nine-

teen years of age constitute the minor part (40% of the

total number of bones). Thereare not more than three

individuals aged over thirty-nine (Agenbroad &

Mead, 1996). The dimensions of the tusks, the struc-

ture of the skulls, and some other peculiarities of the

skeleton as well as the large size of the individuals (the
skeletons are from 295 to 377 cm tall) suggest that the

assemblage consists of the remains of young males

(Agenbroad, 1990; Haynes, 1990). The researchers

reached that conclusion after studying sexual

dimorphism in M. columbi: the estimated greatest
shoulderheight of males is 395 cm and thatof females

290 cm (Haynes, 1990,1991). This estimation forms the

basis of theirassertion that the site containedremains

of males from male groups. Remains of females and

calves are not represented in the locality.

Deaths of mammoths in Hot Springs might be

explained by casual trapping of young mammoths

thateither dwelledinthe environs or occasionally visi-

ted the area. This explains why the age profile of the

Hot Springs mammoths doesnot coincidewith any of

the four age profile types observed in differentdeath

assemblages in modern L. africana. According to

Haynes (1990,1991), theremains at HotSprings form a
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peculiar type ofmammoth site, whichwas formedas a

resultof nonselective deaths (C-type deaths in popula-

tions) underthe special conditionof the functioning of

a naturaltrap. The assemblage reflects the sex compo-

sition of the
groups

of Columbian mammoths that

visited the locality (Haynes, 1991).

The Dent site (Colorado) is one of the latest locationsof

M. columbi in North America. Dated by radiocarbon,

its geological age is 10,800 years. Data on material

from this site supports the idea that family groups in

late representatives of M. columbi existed, as far as, at

least for the Dent site, a simultaneous death of a

huntedgroup of females and calves of both sexes was

established. The group consists of fourteen individu-

als and their death was partly caused by a mass kill

(Haynes, 1985; Saunders, 1995,1999).

The Sevsk, Dent and Hot Springs sites suggest that

family groups consisting of females and calves only

(Sevsk, Dent) and groups consisting of males only

(Hot Springs) existed in populations of both M. primi-

genius and M. columbi. The data on these localities lay
the ground for reliable judgements of the structure of

groups, the social organization of mammoths and

earlier unknownbiological facts related to the species,

which appear to have almost identical counterparts in

the biology of the two modern elephant species in

Africa and Asia.

The composition of family groups in

recent elephants

Comparison of data on the social organization of

modernelephants reveals no significant differencesin

group structure between L. africana and E. maximus.

BothAfrican and Indianelephants form family groups

consisting ofcows and calves and male
groups consis-

ting exclusively of bulls of different individual ages.

Solitary males are also frequent among both species

(Sikes, 1966, 1971; Laws & Parker, 1968; Laws, 1970;

Eisenberg & Lockhart, 1972; Eisenberg, 1980; Doug-

las-Hamilton, I., & Douglas-Hamilton, O., 1972;

Hanks, 1972;Mc Kay, 1973; Laws et al., 1975; Shoshani

& Eisenberg, 1982; Kingdon, 1979; Shoshaniet al., 1991;

Haynes, 1991).

A family groupin,L. africana consists of an adult female

and her offspring of different individual ages. Other

adults in such a group are the grown-up daughters of

the oldest (dominant) cow. The oldest cow leads the

group, determining intra-group relations and rela-

tions withother family groups.
The

group
has arather

rigid hierarchical structure. Social ties within the

group are based on relations of the mother-child,

sister-sister type and on a not very strict dominationof

theoldest female.Mature femalesremain in the
group.

In favorable conditions, the number of individuals

that
composes

the
group increases. Adult cows that

start reproducing eitherremain in the group with their

offspring of different ages, or leave it for some time, or

permanently. In the last case they form a family group
of their own.

The normal length of gestation in L. africana is 21-22

(23?) months, lactation lasts about two to five years.

The interval between two subsequent births lasts

about four and a half to five years, sometimes six to

seven years if the population lives under extremely
unfavourable conditions. An African elephant cow

can reproduce at least till the age of fifty (age determi-

nation is based on M3 wear in lactant females). The

oldest cow remains the group leaderuntil she dies, or

till theendof herreproductive period. After that, if the

group remains together, leadership is taken over by
one of her elder daughters. When the matriarch dies,

the
group

sometimes splits into a few new ones. The

first birth occurs at different
ages in differentpopula-

tions. Under natural conditions it usually takes place

at the
age

of thirteen
years,

but may also occur at ten or

seventeen. Calves are born in different seasons.

Males stay in their family groups till the beginning of

maturation, i.e., until they reach the
age

of thirteen to

fifteen years. At this age they leave the family group

and either join a male group or start leading a solitary
life. Sometimes a family group may comprise two to

three adult sisters. Usually one of the sister cows is

dominant and leads the group. Such a group may
number twenty-one to twenty-two individuals.

Groups composed of only one adult cow and her

offspring are usually smaller and count from two to

three to six to eighteen individuals. A family group

dwells in a permanent territory and sticks to it even in

most extreme situations. Male groups and solitary
malesroamaround in the territoriesofdifferent family

groups. Under unfavourableconditions, males are the

first to form large groups for migration to otherterrito-

ries. Groups comprising many
individuals are obser-

ved during most favourable seasons, when sufficient

food and water are available. When the quantity of

foodwithinthe territory inhabitedby afamily group is

reduced, the group breaks down into smaller units

that usually consist of one cow with one or occasi-

onally two calves of different
ages.

The number of individuals and the composition of a

male group are not constant. Changes depend on the

season, and also on the age and physiological state of

the males constituting the group. Solitary males that

never join male
groups are rather frequent. The death

rate among males that have left their family group

rises. The change of their way of life and the breaking
ofreliablesocial ties, inadditionto other unfavourable

factors, most probably cause psychological stress

among theanimals. Besides, at this
age a youngmale is

not experienced enough to do well without support
from his family group. This enhances the probability
of deathsubstantially.

The
age of individuals composing a male

group may
differ. However, a group usually comprises males of

the same age and, especially, more or less equal size

and strength because during maturationand, particu-
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larly, during the period of sexual activities, males are

mutually rather aggressive. During copulative peri-
ods males leave their male groups,but do not stay in

family groups
for long. Separation of a male and

female from a family groupfor two to five days is occa-

sionally observed. After that timethe femalereturns to

her family group.

Sometimes mammoth cows and calves build forma-

tions larger than a family group. It was observed that

during migrations several family groups unite.

Groups comprising females, calves and males may

number 60-80 individuals. Usually such a group

covers no more than40-60 km inseveral days because

the calves are unable to walk more than six to eight km

a day. At the beginning of the20th century large seaso-

nal migration groups numbering upto several thou-

sands of individuals could be observed in Africa.

Under the conditions of modern national parks with

their limited territories no such migrations of large

groups are observed.

Territoriality is typical of family groups of African

elephants. As a rule, a family group dwells perma-

nently ina limitedterritory. The dominantfemale, the

matriarch, is believed to pass her whole life in such a

territory. During the
year,

the female leads her family

group through the territory, the route depending on

the season and the availability of food. The matriarch

knows her territory very well, and chooses optimal

paths in the search for food and water in accordance

with the season. No defensive behaviour against tres-

spassing has been observed. However, a family group

will not stay on alien territory for long and leaves it

very soon. Similarly, it is extremely difficult to make a

family group
leave their own territory.

Under the conditions of a modern national park, the

territory of one family group is usually 40-50 km

across. During favourable years the territory may

expand and sometimes overlap territories of other

family groups. During unfavourable years the terri-

tory shrinks and many family and male groups
concentrate around the scarce sources of water and

food. If the conditions deteriorate further, most male

groups migrate to remote areas, sometimes covering

very great distances. Family groups are considerably
lessmobile.During severe droughts, cows with calves

that leave their family groups diealmostall. However,

they leave their family territory only in exceptional
cases.

Incomparison with dataon African elephants, dataon

family and male group composition in E. maximus is

much more scarce, because even inrestricted territo-

ries they stick to less-accessible areas, where systema-
tic observation is hindered. No longitudinal studies of

Indian elephants have been undertaken comparable
with those that were madeofL. africana family groups.

The normal composition of family groups of Indian

elephants on Sri Lanka iseight to twenty one individu-

als, but most frequent are family groupsof six to eight
members. Groups numbering over forty individuals

were observed only threetimes in thenationalparks in

the southern part of Sri Lanka. A group
is led by the

oldest female whileshe is in her reproductive age.
All

other females in the group are her daughters and

granddaughters. Indianelephant cows mature by the

age of ten years and give birthevery two and a half to

four years.

Under naturalconditions males begin to reproduce at

theage of fifteen to seventeen years, though they reach

puberty already at theageof ten to twelve years. From

the ageof seven to eight years, malesbreak
away from

their family group or form a subgroup of threeto four

youngmales that stays peripheral to the family group.

Such subgroups stay separated from the adult males

that may remain within the family group
for a long

time. Cases were observed in which a family group

with females was accompanied by two adult males

during the mating season. In large family groups, up

to eight adult males together were observed. Male

groups seldom occur among Indian elephants. All

occurrences of male groups were observed in territo-

ries that during a certain season are abundantin food,

and are also visited by family groups and solitary
males. Male

groups usually number three to five indi-

viduals. Observations show that about 90% of the

mature males that do not join a family group remain

solitary.

The family groups on Sri Lanka are not known to stick

to a certain territory. Their distribution is determined

by the availability of water. Usually a family group

visits a watering place twice a day, so several family

groups stay in the vicinity of the place within six to

eight km distance, as the calves underone year cannot

walk more than twelve to fifteen km a day. It is the

attachment to one watering place that determines the

concentration of family groups in the vicinity.
Towards the end of the wet and dry seasons, several

family groups may unite for migration. Usually they

migrate no more than sixty to eighty km. However,

because of the limited area of modern national parks,
such migrations simply cannot be longer. Family

groups formed during humid seasons are more nume-

rous thanthose formedduring dry seasons. This beha-

viour may be accounted for by competition between

the group members for scarce food, which leads (as it

doesamongAfrican elephants) to thesplitting of large

family groupsinto smallerones that usually comprise
one female and two or three calves of differentages.

The social organization of these two modern elephant

species, their biological peculiarities and behavioural

plasticity provide an exemplary model of successful

interaction between giant herbivores and their envi-

ronment, even undercontinuous anthropogenic pres-

sure. These and other dataon biology and behaviour

of modern elephants, as well as a combination with

data on anatomy and reconstructed physiological

peculiarities ofmammoths lay the ground for a recon-

structionof some biological featuresof M. primigenius.
One may accept Haynes's (1990,1991) opinion, based

on the study of mass deaths of African elephants, that
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the social structure of groups of mammoths should be

directly connected with their biological peculiarities.
The general morphological and anatomical features in

large herbivores closely correlate with thebehavioural

patterns that are most important for the survival of a

given species. In M. primigenius studies, age profiles
do not only generate very precise information on

group composition, but also on a number of other

peculiarities of mammoth biology. Morphological

features, such as the degree and expression of sexual

dimorphism, theage at the onset ofpuberty, the group

composition and growth peculiarities reflect both the

main biological peculiarities and the most important

adaptations ofthe mammoth.The suggestions concer-

ning the character of these peculiarities we made

earlier are supported by the available data on

mammoths, comparative data on modern elephants
and the new data from the Sevsk locality.

Ecology, ethology and adaptations of

M. primigenius

Among all adaptations of the mammoth, the succes-

sive changes in the dentition of mammoth-like

elephants are best studied (Maglio, 1973; Lister, 1996).

Many other peculiarities of M. primigenius as opposed
to other Proboscidea have become known only

recently. Certain changes in tooth morphology of M.

primigenius of the late Middleand Late Pleistocene do

not fit into the general directionof changes in the line-

age
of mammoth-likeelephants. These changes in M3

morphology of M. primigenius may be accounted for

by secular environmental fluctuations within different

phases of falls and rises in mean temperatures during
the Late Pleistocene. Partof these morphological devi-

ations of M3 may be of micro-evolutionary origin and

they were observed in the latest representatives of M.

columbi and M. primigenius (Maschenko, 1998; Saun-

ders, 1999; Foronova & Zudin, 1999).

Morphological changes in the last-generation molars,

however, form only a minor part of the peculiarities
that make up the unique specialization of the woolly
mammoth.The adaptations ofM. primigenius to seaso-

nal colds over mostofthe inhabitedarea were the most

significant for this mammoth. These adaptations
determined the peculiarities of ecology, ethology and

morphology of mammoths in comparison with

modern elephants. The adaptations affected a large

complex of morpho-physiological peculiarities of the

mammoth, and made the species hyper-specialized.
All existing data on the habitat of M. primigenius

suggests that the species inhabited areas with a cold

and dry climateand a long winter season in Eurasia

and North America.

The adaptational complex affected the mammoth's

individual development. In a cold climate, births are

possible in spring or early summer, like in most

modern large mammals that inhabitarctic and mode-

rate zones. The first data in support of this suggestion
was obtained from studies of a carcass of a mammoth

calf fromthe Kirgiliach river. The reliably determined

individual age (about seven months) and the time of

death (late autumn) indicate that the calf could only
havebeen born in spring (Vereshchagin, 1981; Shilo et

ai, 1983; Vereshchagin & Tikhonov, 1999). One may

further suggest that during the Late Pleistocene the

time of birth in the Kolyma river area was April.

Similar data was obtained from the Sevsk mammoths

that died in a suddencatastrophic event. Among them

thereare two newborn and two yearling calves. Seaso-

nal births suggest a seasonal coupling time; a feature

which is not found in modern elephants, because they

couple at various times throughout the
year.

Conside-

ring a shorter gestation period inM. primigenius than

in modern elephants, one may suggest that

mammoths mated in autumn, most probably in

September-October. This suggestion is supported by
the existence of similar copulation periods in large
modern arctic herbivores, of which they are typical

representatives.

The determinationof the length of the lactationperiod
in themammoth

may
be based on the data on eruption

and speed of wear of the first-generation teeth. This

data is indirectly indicative of the time when vegetal
food becomes dominant in the animal's diet and,

consequently, suggests decrease of lactation in the

mammoth cow. As was shown earlier, in M. primige-
nius dp2 and particularly dp3 and dp4 erupted and

began to wear earlier than in modern elephants. The

wear of dp2 in M. primigenius and L. africana takes a

comparable amount of time. In the African elephant,

dp4 is worn after three years, but the distalpart of dp3

Fig. 40. Change of enamel thickness of dp2-M3 ofmammoth

populations from the Russian Plain and Eastern Siberia: 1 =

Berelekh mammoths (Zherechova, 1977); 2 = Sevsk mammoths.

Veranderingin glazuurdikte van dp2-M3 in mammoetpopulaties

van de Russische Vlakte enoostelijk Siberië: 1 =Berelekh mam-

moeten (naar Zherechova, 1977); 2 = Sevsk mammoeten. Verti-

kaal: kiesgeneratie; horizontaal: glazuurdikte (in mm).
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remains functional until the age of four and a half

years (Sikes, 1966, 1971). Similar data was obtained

from wear of the first three tooth generations in E.

maximus (Roth & Shoshani, 1988).

The very early eruption and intensive wear of dp3 in

M. primigenius during the first yearoflife (roughly half

a year earlier than in modernelephants) suggest that

from the age of six to seven months a calf lived on

combined food. By the end of the first year, milk was

secondary food. The erupted and functional dp4
marks theendof the lactationperiod very precisely. In

mammoth calves dp4 fully replaces dp3 at the age of

two years. The occurrence of dp4 replacing dp3 at two

and a half to three years is evidently an exception

(Kuzmina & Maschenko, 1999). Thus, in M. primige-

nius, dp4 becomes functional one to one and a half

years
earlier thaninL. africana. This datasuggests that

a mammothcalf began to feed systematically on vege-

tation approximately one to one and a half
years

earlier than modern elephant calves. To judge by the

speed of wear and the time of eruption, a calf of one

and a half year fed almost exclusively on vegetation
and, consequently, the lactation period had ended by
that time.

These differences between mammoths and modern

elephants canbe accounted for by a dramatically redu-

ced lactation in mammothcows in winter time when

the animals fed on dry vegetable food and branches. A

calf was obliged to shift to adult food to survive. It is

possible that the lactation finished completely by the

endofthe coldseason, thus twelve monthsafter partu-

rition, so that the total length of the period of lactation

was two times shorter than in modern elephants.

Mammoths gave birth to smaller calves than Indian

and African elephants: L. africana newborns are 25-30

cm taller (E. maximus 15-20 cm) than mammoth

newborns. Data on growth dynamics of the first year
of the mammoth's life shows that, regardless of the

small size of newborns, by the end of the first year a

mammoth calf reached the size of yearling calves of

modern elephants. In other words, the growth rate of

mammoth calves during the first six to twenty-three
months was higher. This important peculiarity of

mammothbiology may be accounted for by the neces-

sity to reach a body size that was indispensable for

survival inwinter time and to endure migration to the

winter area. In search for food mammoths must have

roamed over a much vaster territory than modern

elephants, which live in areas with tropical climate

and continuous plant vegetation.

The sudden deathof the Sevsk mammoths in a river

valley is indicative of ecological ties of mammoths

with water meadows. During the Pleistocene,

adequate quantities of foodfor numerous giant herbi-

vores were available primarily in the floodplains

(Vereshchagin, 1972, 1977). The Sevsk mammoth

group evidently was unable to leave the dangerous
area and died as a whole. However, catastrophic
events of this sort may havebeen a rare occurrence. By

analogy withmodern elephants, one may suggest that

family groups were the first to die in such catastrop-
hes. InL. africana up to 100% of the cows and calves die

in severe droughts because family groups are bound

to their territories and their migrations are short. The

death rate among
African elephant bulls is much

lower (Haynes, 1991). Mammoth bulls, being much

stronger and more mobile than cows and calves,

supposedly were able to avoid death in such events.

Age profiles from Berelekh and Sevsk support these

considerations (Baryshnikov et al., 1977; Vereschagin,

1977).

The ecological restriction of mammoths to river

valleys is the reason why their remains are predomi-

nantly foundin such areas. Mass accumulationof their

remains in river valleys, however, is indicative of

regular deathsinareas ofmass dwelling (as inAfrican

elephants) rather than of frequent catastrophic events

causing mass group deaths. It is possible that the

animals concentrated in dangerous places of river

valleys on their migration routes. In such places the

most feebleanimals, e.g., calves, may have died every

year when, for example, they were crossing the river

over the ice.

Now the question of whether and to what extent M.

primigenius was a vagabond or a settler with well-ex-

pressed territorialbehaviourmay be considered from

the point of view ofthe data on family and male group

composition. For a more complete reconstruction of

some behavioural peculiarities and the ecology of the

mammoth, one may directly extrapolate the data on

modernelephants connectedwith the survival of these

giant herbivore mammals. Alsoof great importance is

the data on the climatic conditionsof theLate Pleisto-

cene and composition of the flora in the areas inhabi-

ted by mammoths.

The peculiarities of the social organization and some

biological data on M. primigenius allow one to

conclude that there were two distinctperiods within

the animal's cycle. During these periods feeding stra-

tegies were dramatically different. Data on the biopro-

ductivity of Pleistocene vegetation communities

shows that in summer a family group of mammoths

might live on the resources of a relatively small part of

their territory, a situation similar to that of a family

groupof modernelephants (Sukachev, 1914; Tikhomi-

rov, 1958; Solovenich et al., 1977; Ukraintseva, 1981,

1991; Gorlova, 1982; Kozhevnikov & Ukraintseva,

1999). The area of such a field occupied by a family

group
of mammoths was probably two to three times

larger thanone of L. africana, given the lower producti-

vity of North Asiatic vegetal communitiesin the Late

Pleistocene. Family groups including calves born in

spring stayed in their areas during the entire spring
and summer season, and in autumn and winter were

compelled to continuously migrate because the vege-
tation disappeared.

Such territorialbehaviour of a family group was their

best survival strategy. The strategy of a relative resi-
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dence only permits survival and growth of newborns

that cannot walk for long, until they have reached a

certain age. By analogy with modern elephants, a

group including calves born in spring could not cover

distances of more than ten to twelve km within the

limits of the family group territory.

The dramatic difference between modern elephants
and mammoths lies in the change of behaviour and

feeding strategy in winter. When the vegetation
ceased growing, the bioproductivity of the family

group's territory dropped severely and a much more

extensive area was needed for the
group to feed on.

There is no direct analogy between the winter condi-

tions met with by mammothsand modern elephants,

though there exists a certain similarity in the usage of

differentfoods by modern L. africana and E. maximus

(Oliver, 1983). Because of the poverty of the north

Eurasian flora in comparison with the tropical flora,

mammoths were considerably more specialized in the

use of resources than modernelephants. Inall parts of

the inhabited area mammoths were able to survive

owing to a great heterogeneity of vegetal communi-

ties. In comparison with modern arctic and moderate

zones, this Pleistocene heterogeneity caused the grea-

ter vegetal productivity (Sher, 1976; Ukraintseva,

1991).

In regard to the vegetation mammoths fed on,

conclusions may be drawn from the analysis of the

stomach contents of several mammoths recovered

from the permafrost. All these specimens died at the

end of summer or the beginning of autumn, so it is

possible to reliably determinethecomposition of their

summer food. The plant remains from the stomachs

show that, during the period of summer vegetation,
mammoths predominantly fed on grasses and the

portion of bushes and trees was substantially smaller

(Zalensky, 1903; Gorlova, 1982; Ukraintseva, 1991;

Kozhevnikov & Ukraintseva, 1999). Adult individuals

of L. africana heavier thanfive tons consume more than

300 kg of green pulp a day (Sikes, 1966,1971; Laws &

Parker, 1968; Hamilton, 1973; Laws et al., 1975; Moss &

Poole, 1983). The daily mass of green vegetation
neededby an adultmammothweighing two and a half

to threeand a half tons may have equalled 150-200kg.
Since the assimilability percentage and nutritivevalue

of vegetal species in the food of mammoths and

modern elephants differ only slightly, the estimation

of themammoth's daily needfor foodmay be based on

analogy (Oliver, 1983).

However, the differences in foodcomposition caused

by the alternationof humidand dry seasons, as they
are observed in relation to modern elephants, cannot

simply be equated with temporal differences in the

composition of rpammoth food just because the alter-

nationof summer and winterseems to have created an

analogous situation, although, ofcourse, the change of

food certainly occurred in connectionwith the growth

stop of the vegetation in winter.

The data on the food composition of mammoths

during winter is scarce. Indirect evidence, however,
allows the suggestion that during winter they fed on

dry grass and branches of bushes and trees. The rela-

tive quantity of grasses was lower than during
summer. Feeding on the past year's grass was possible
for adultsand hindered in immatureindividuals and

calves because it required removal of the snow cover

with the tusks. It is possible that individuals with

larger tusks had a certain advantage in intragroup

competition for food.

Compared with other Late Pleistocene mammals,

mammoths were more restricted to river valleys
because foraging on pastures ofrelatively low produc-

tivity required an optimized use of energy. River

valleys seem to be the most important parts of family

group territories. During their winter migrations,
which most probably took place along river valleys,

groups may also have used other territories. The

climaticconditionsofthe Late Pleistocene suggest that

these could have been the southern slopes of river

forelands.

The total standstill of vegetation growth during winter

is not comparable with theretarded growth of vegeta-
tion inthe tropical zones during dry periods. A decre-

ase of productivity per unit of area is unavoidably
followedby an expansion of the territory where the

animals forage. In addition to this, the necessity to

optimize the energy expenditure was much more

strict for mammoths than for modern elephants in

view of the higher energy expenditure of mammals

that inhabit subarctic areas. This required a higher

motility of mammoth family groups in winter when

vast territories were roamed in search for food. Even

those parts of a territory that were the richest in food

could not be used for the second time during the six to

seven cold monthsbefore spring, when the growth of

vegetation started again. During wintera grouphad to

move continuously in search for food withoutcoming
back to the spots already used for this purpose.

Migrations most probably were directed to the south

and, from the second halfof winter, back to thenorth.

By analogy with L. africana it was supposed that

mammoths covered a distance of about two thousand

km within two months, i.e., approximately thirty-five
to forty km a day (Oliver, 1982). However, this could

not be so if a groupincluded calves younger than one

year. During their winter migrations family groups

most probably moved some 900-1200 km
away

from

their summer territory within three to threeand a half

months. In addition, the speed of seasonal migration
was limitedbecause of the lower productivity of the

arctic Siberian pastures in comparison with the tropi-
cal zone. A daily march during winter migration may
have been no longer than twenty km, inasmuch the

giant mammals had to spend about 75% of their time

foraging food (McKay, 1973). This consideration

makes it clear that a fast growth of mammoth calves

during their first year formed an important part of

their survival strategy. The fatigues connected with
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the extendedwinter migrations of family groupswere

a harsh factor of natural selection. In modern medi-

um-sized mammalswith a different biology i(Rangifer

tarandus) the length of a daily march amounts to

several dozensof kilometres.

Thus, the annual cycle of M. primigenius consisted of

summer and winter periods characterized by different

survival strategies. Insummer a family group
dwelled

permanently in one area. During this time the young

were born or nourished. In winter, groups conti-

nuously moved from one place to another because

food resources were not renewed. It is possible that

during this unfavourable period groups split up into

smaller subgroups consisting of a mother and her

calves, a development also seen among
modern

elephants. A similar annual cycle is observed in

modern large mammals of the Arctic.

The transition to life under cold climatic conditions,

which was accompanied with forage from under the

snow cover inwinter, is reflected in the morphology of

M. primigenius. First, thereare the exterior peculiarities
observed in northern forms by contrast with their

southern close relatives, such as relatively small ears, a

shorter tail, and relatively shorter limbs. These chan-

ges in the mammoth by contrast with modern

elephants were described by Zalensky (1903), and

Vereshchagin & Tikhonov(1999). Furthermore, a rela-

tively lower and longer body and a larger head are

observed in the lineage of mammoth-like elephants

(photo 37). The development of subcutaneous fat,

which is important when animals experience food

scarcity in winter, was also reliably established in

mammoths.

The development of fur in M. primigenius has a

numberofpeculiarities thatmakes it different fromall

otherarctic mammals. Thebarbed hairsofmammoths

are about four times thicker than similar hairs in all

other mammals. The barbs are rather dispersed and

there are no subcutaneous muscles capable ofmaking
the fur to stand upright in order to raise thermal

protection. In this connection it is suggested that the

system of blood supply to the peripheral parts of the

limbs and the body surface
may

have played a more

important role thanthe fur (Shilo etal, 1983). No deve-

lopment of sebaceous glands that couldhaveadded to

thermal protection when the fur was wet has been

noted (Sokolov & Sumina, 1982). This data on hair

morphology and thermal regulation in mammoths is

in good agreement with the concept of adaptation of

the species to the conditionsofacold and dry climate.

Thealveolar parts of mammothtusks are elongated in

comparison with those of modern elephants and
go

almost plumb as they leave the alveoli.Evidently this

is an adaptation that enabled mammoths to remove

snow. The alveolar part of the tusks of the woolly
mammothis elongated in comparison withother anci-

ent elephants of the mammoth lineage. This is a

compensatory extension of the tooth surface within

the alveolus and indicative of the load on the tusks

caused by removing snow. It is exactly during snow

removal that a wear face is formed on the outer and

lower surface of tusk ends (Vereschagin & Tikhonov,

1986,1990). On large tusks ofmales the length ofsuch a

facet may reach fifty cm. Direction and shape of the

micro-furrows usually observed on the surfaces of

such facets are indicativeof wear against the surface of

frozen soil. The spiral twist of the tusks in this connec-

tion is considered to be a biomechanical adaptation
that enhances the durability of tusks used for snow

removal. InM. primigenius thisadaptation is expressed
to the maximum(Chozatskii, 1990).

Another peculiar feature of mammoth morphology
connected with feeding on low vegetation is the shor-

tened neck. Baigusheva & Garutt (1987) put this pecu-

liarity into the diagnosis of the
genus Mammuthus.

Whenthe head is lowered to remove snow, the load on

the cervical partof the vertebralcolumnhas to be resis-

ted, and in this respect a shortenedneck gives a certain

biomechanical advantage. The relative size increaseof

the head occurred simultaneously and is quite
marked, even in comparison with closely related

forms of themammoth lineage fromthe Early Pleisto-

cene (photo 36).

The structure of the occipital bones and condyles inM.

primigenius as compared with more ancient mammo-

th-like elephants also reflects a transition to feeding on

the low cover. The condyles are relatively displaced
forward and downward in the directionof the poste-
rior edge of the tooth alveoli. The ratios of the distan-

ces between the upper edge of the condyles and the

Fig. 41. Dimensions of tusks offemale mammoths from Eastern

Siberian populations (after Vereschgin& Tikhonov, 1986) and

from the Sevsk locality: x = tusks from Eastern Siberia;x = tusks

from Sevsk; I = largest tusk (male?) from the Sevsk locality

Maten vanslagtandenvan vrouwelijke mammoeten van oost-Si-

berische populaties (naar Vereschagin & Tikhonov, 1986) en van

de vindplaats Sevsk: x = slagtandenuit Oost Siberië;x = slagtan-
den uit Sevsk; I = grootsteslagtand (mannelijk?) uit Sevsk. Verti-

kaal: tandlengtegemetenaan grootstekromming (in cm);
horizontaal: individuele leeftijd (in jaren)
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masticatory surfaces in L. africana, E. maximus and M.

primigenius are 1.7,1.5, and 1.2 respectively, which is

indicativeofa change of proportions determinedinits

turn by different types of load. The occipital bones in

M. primigenius are placed vertically, so that raising the

head is hindered. As for the shortenedneck, the relati-

vely long spinal processes of the cervical vertebrae

testify to a well-developed muscular complex for

supporting and lowering the head. In L. africana, that

feeds on various types of vegetation, the occipital

condyles are relatively displaced backward and the

occipital bones are inclined forward, and so cause the

rounded shape of the occiput in side view. With the

distal part of the skull structured like this, it is easier

for the African elephants to reach food at different

levels (from grass to branchesof trees that hang above

the head). The range of feeding specializations of this

species is therefore much broader than in M. primige-

nius.

Ecological restriction ofmammoths to specific parts of

theirarea as well as some peculiarities of theirbiology

evidently caused concentrationof theanimalson terri-

tories that offered the best living conditions, whereas

their numbers in other parts of the area were signifi-

cantly lower, especially during unfavourable seasons.

Atthe endofthe Pleistocenethis played a negative role

and was probably among
the factors that contributed

to the extinction of the species.

Mammothsquickly changed ecosystems favourableto

them, as domodernelephants in places where they are

concentrated.At the end of the Pleistocene, when the

climate changed dramatically, the number of areas

favourable to mammoths was significantly reduced.

The range
of the species split up into several smaller

regions, and evidently many groups of mammoths

were concentrated on relatively small territories. As

was learnt from African elephant populations, a

quickly growing number of individuals on a small

territory causes a crisis in the plant community and its

rapid transformation into a community of a different

type, less favourable not only to the giant mammals,

but also to many other species of large mammals. The

overpopulation usually led to a dramatic reduction

(up to 8%) of the elephant population (Sikes, 1971;

Douglas-Hamilton, 1973). A quick and efficient elimi-

nationof other large herbivorous mammals radically

impoverishes biodiversity and is a side effectof mass

pressure of proboscideans on ecosystems (Kingdon,

1979). During the Late Pleistocene this may have

created additional opportunities for Late Paleolithic

humantribes to specialize in hunting mammoths, thus

aggravating the conditions under which the species

still lived in disunitedareas of its previous range.

However, there is no reliable data on systematic and

specialized mammoth hunting of Late Paleolithic

groups ofhumans. Nor have specific methods of such

dangerous hunting been studied, though one can not

totally deny the possibility that it was practised during
the Late Pleistocene. Not a single pictureof a wounded

mammoth reliably dated to the Late Pleistocene is

known, whereasall other contemporaneous mammals

are systematically depicted as an object of hunting

(Bozinski, 1995; Vereshchagin & Tikhonov, 1999). The

dataon Europe and Siberia shows that killings ofadult

individuals by hunters were rather singular cases

(Onoratini et al., 1995; Derevianko et al, 2000). It is

more probable that, being aware of the biological and

behavioural peculiarities of mammoths, the ancient

people were able to kill weak and solitary animals, or,

still more probable, utilize carcasses of animals that

had died recently.

Bone accumulations at Late Paleolithic sites of central

and eastern Europe are associated withbone collecting
in places where the bones had accumulated in a natu-

ral way (Soffer, 1985, 1993, 1997; Abramova, 1995;

Chonbur, 1995). Even those accumulations that were

not used by humans (e.g., the Sevsk locality) were visi-

ted. The use of mammothbones in theLate Paleolithic

human economy prompted people to search for such

depositions (Maschenko, 1992).

There is no reliable data on theeffect of weaponsused

in hunting, which isusually expressed in terms ofpier-
ced bones or parts of flintarrow and spearheads stuck

in the bones. Two cases in which pieces of projectile
heads were found in bones from theKostionki Paleoli-

thic site (Voronezh region) were reported by N.

Praslov (pers. comm.). In one case the projectile head

was in the frontal bone of the skull of an adult

mammoth, in the other it was broken as it hit a rib of a

young
individual. The position of the projectile head

in the skull cannot be taken as evidence of hunting,
because the use of flint-headedweapons is inefficient

when they are thrown into the head (skull bones

cannot be pierced withsuch weapons). The position of

a flint head fragment in the middle part of a fourth to

seventh right rib shows that the animal was hit from

the right upward, into the area of the heart. However,
it is impossible to imagine such a stroke if the animal

stood upright. As the animal was about 160-170 cm

tall, the stroke could have been inflicted only if it, or

the carcass, lay on the ground. Both cases are better

accounted for not by hunting, but by the use ofalready
dead animals' bodies.
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Conclusion

The emergence and evolution of the genus Mammut-

hus is due to the adaptation of one groupof mammo-

th-like elephants to feeding on mostly grass and bush

vegetation under the conditionsof a seasonal climate

with cold winters when the growth of vegetation is

interrupted. The morphology of the Middleand Late

Pleistocene representatives of the group testifies to

such an adaptation. The morphology and the specific

taxonomic position among other Elephantida deter-

mine the distribution of the
group, which, unlike

earlier mammoth-like elephants, are found mostly in

holarctic areas with a moderate or cold climate. The

radiationof Mammuthus into the innerregions of Asia

as far as Inner Mongolia, is well accounted for by the

availability of satisfactory conditions for survival at

the time of the lowest temperature drops during the

Pleistocene.

The appearance of these adaptive morphological
features at very early ontogenetic stages provides a

solid ground for restricting the volume of the
genus

Mammuthus. The longer time of formation of not only
the teeth ofthe last generation, but also of dp2, is very

important in determining the position of M. primige-
nius in the biological system of the mammoth-like

elephants. The mammoth teeth with their longer
formation process become functional before the

process has finished. In A. meridionalis, dp3 and dp4
start to wear at later formation stages. The longer
formation time is connected with the greater number

of plates (from dp4 onward), which is, in its turn, a

compensatory adaptation to a faster wear of the tooth

crowns in Mammuthus. Changes in tooth morphology,

e.g., thinning of the enamel and an increase of the

numberof plates and of plate height, may be observed

in all groups of the family Elephantidae. These are the

features that compensate for the wear of dp4 to M3.

The expression of these features reaches its maximum

at the end of the Middle and during the Late

Pleistocene. The Middle and Late Pleistocene

mammoth-like elephants that were distributed over

northernEurasia and NorthAmerica and displayed a

feature complex adapted to a cold climate, should be

attributed to the genus Mammuthus.

The data on stratigraphic distribution and

morphology of mammoth-like elephants from the

Pleistocene of Eurasia shows that in Mammuthus the

definitive formation of a feature complex adapted to

cold winters took place at the end of the Middle

Pleistocene. The genus Mammuthus emerges in

northeasternEurasiaduring theendof theMiddleand

the beginning of the LatePleistocene and persists until

the beginning of the Holocene in the arctic regions of

eastern Siberia. The forms that combine morphologi-
cal features of iM. trogontherii and M. primigenius were

widely spread, but, to judge by the data available, they

existed for arelatively short time.The unique complex
of adaptations to cold conditions, the only known

among Elephantidae, allows the separation of the

mammoth-like elephants of the Middle and Late

Pleistocene of Eurasia from more ancient mammoth-

like elephants. The morphology of Ml to M3 in the

latter group is similar to that in all other ancient

Elephantidae, whereas strictly speaking it is different

in the genus Mammuthus owing to the

above-mentioned adaptations. Such being the case,

the genus Mammuthus should be restricted to two

species only: M. primigenius (the type species) and M.

trogontherii.

Incomparison with thoseofall otherElephantidae, the

peculiarities expressed in the dental and skeletal

morphology of M. primigenius are indicative of its

specialization. The specialization of dentition and

skeleton forms part of the set of morphological and

biological adaptations of the species, that also

comprise its specific body proportions, larger head,

flattened occipital bones, short cervical part of the

vertebral column, specific shape and structure of the

tusks, development ofwool and subcutaneous fat, and

peculiarities of physiology at early stages of postnatal

ontogenesis. Peculiar features of tooth morphology

appear as early as during the first postnatal year,
but

they develop during the entire postnatal ontogenesis.
The morphology of dp2 is similar in all Eurasian

mammoth-like elephants, including M. primigenius.
Some features ofdp4 to M3, characteristic of M. primi-

genius and the genus Mammuthus, are expressed at

later ontogenetic stages and are not known frommore

ancient mammoth-like elephants (Archidiskodon).
Featuresof skull and lower jaw morphology that are

characteristic of the species appear in M. primigenius at

later stages of postnatal development and are

evidently combinedwith the expression of secondary
sexual characters. The formerfeaturesmaybe conside-

red not only as ontogenetic modifications, but most

obviously also as recapitulations of phylogenetic
modifications. At least changes in the proportions of

the lower jaw directly correspond to modifications in

the phylogenesis of mammoth-like elephants.

The sequences ofmorphological changes indp4 to M3,

in the skull and lower jaw during the late stages of

postnatal ontogenesis of M. primigenius reflect the

sequence of these modifications in the phylogenesis of

mammoth-like elephants. The way by which these

modifications are expressed allows the proposition
that the divergence of the group took place in the

MiddlePleistocene, not later, because early ontogene-
tic stages (before the ageof one year) in,M. primigenius
and A. gromovi are notably similar.
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The features on which the diagnosis of the genus

Mammuthusis based are expressed atdifferent ontoge-

netic stages. This peculiarity should be considered

when their diagnostic value is estimated. In some

respects, mammoth calves are similar to adult repre-

sentatives of the
genus

Archidiskodon. In the course of

ontogenetic development the differences in features

increase, each feature being specifically expressed at a

differentstage ofindividualdevelopment. Such speci-
fic features as the position of the nasal opening, the

shape of occipital bones, the directionof the tusk alve-

oli, the proportions of the facial and brain parts of the

skull, the proportions and shape of the mental
process

become typical of adult M. primigenius only during the

second ontogenetic period, the period of maturation.

Together with structural features of the last tooth

generation thatare traditionally used in the diagnosis
of the genus Mammuthus (hypsodonty, crown

proportions, enamel thickness, and numberof plates),
the beginning of functioning of dp3 through M3before

the end of the crown formationshould be considered

as typical of this genus.

It has been reliably established that in the genus
Mammuthus the eruption of the teeth of the genera-

tions dp4 through M3 took place during early stages of

formation, i.e., before the formation of theirposterior

plates had been finished and the posterior part of the

crown had been covered withcement. In more ancient

mammoth-like elephants the formation of the crown

by the timeof eruption was more complete and inclu-

ded the cement coating. In comparison with modern

elephants, e.g., the Indian species, wear of the first

threetooth generations took place considerably faster.

In M. primigenius the completely formed plates of dp4
consist of tightly fusedenamel columns.In theprocess

of toothformation, the constituent plates show astage

at which they are subdivided into three lobes (one
central and two lateral) which fuse later, beginning at

the bottom and preceding toward their apexes, with

the extreme apical parts remaining separated. In

comparison with more ancient mammoth-like

elephants, the fusion of the plate lobes in the

mammoth has the greatest extent. That is why the

wear figures at the masticatory surface of mammoth

teeth quickly acquires the shape of a loop along the

width of the whole plate.

The described sequenceof expressions of phylogene-
tic features during ontogenesis is applicable to the

morphology and position of di and I in the alveolus.

The material that bears upon deciduous and perma-

nent tusks of the Sevsk mammothcalves allow the reli-

able attribution of the di and I to different tooth

generations, based on peculiarities of their substitu-

tion process.
The positions of di and I in alveoli of M.

primigenius provide solid grounds for a conclusion on

the homology of tusks in Elephantidae. The

morphology of the permanent incisor and the

structure of its alveolus - which is formed by the

premaxillary and maxillary bones - suggest homology
of the rudimentary incisor with di, of the deciduous

tusk with dl2
,
and of the permanent tusk with I3. The

preservation of incisors of both generations in all

representatives of the family Elephantidae is

suggested as well. Likewise indicative of this is the

structural similarity of the tusk alveolus in the sister

groupMoeritherium.

The morphological adaptations to the holarctic cold

climate had a great effect on thereproductive physio-

logy and survival strategy of the mammoth. These

formed an adaptational complex in response to the

cold climate with its long winters. This complex
included the quick growth ofmammothcalves during
the first six to eight months, within which period they
reached the dimensions of one-year-old calves of

modern elephants in spite of having been relatively
smallerat birth.On the whole, the growth ofM. primi-

genius during the first ten to seventeen years
demon-

strates stages corresponding with basic periods of

physiological development in other mammals that

inhabit regions with cold seasons. The growth speed
varies between different periods and between sexes.

From the beginning ofthematurationperiod (from ten

up to fifteenor seventeen years) on, males grow faster

than females, and the growth process in males lasts

longer. Some data on Late Pleistocene mammoths

from south western Siberia suggest that size

differences based on sexual dimorphism could reach

50% in some populations of M. primigenius, although
this is not supported statistically. If this figure is

correct, it far exceeds that for L. africana. Mammoths

formed family groupscomposed offemalesand calves

only, and male groups comprising males of different

ages.
The

age profile of the M. primigenius specimens
from the Sevsk locality is similar to that found in

family groups of modern African and Indian

elephants.

The survival strategy under cold climaticconditions is

a most peculiar feature of the biology of M. primige-
nius. The annualcycle is subdivided into two periods
of unequal length, summer and winter, during which

the animals used considerably different strategies of

feeding and behaviour. This life strategy optimized
the energy expenses connected with the search for

food and for locations adequate for survival under

unfavourableconditions.

During the shorter summer period a family group
dwelt on one terrain (family group territory) where it

lived permanently after returning from its winter

migrations. Calves were born on this terrain, and

passed thefirst stages of their lives there together with

their family group. The longer winter timewas spent

by continuous and relatively slow roaming of the

group (evidently from northto southand back) over a

vast territory that was not delimited so strictly as the

family group territory and may
have been rather diffe-

rent from year to year.

The extinction of the genus Mammuthus was connec-

ted with a complex of factors accompanying the global
climatic change in the Holarctic at the end of the
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Pleistocene. This was a rather long process that deve-

loped unevenly among the late representatives of M.

primigenius, which suggests that at the end of the

Pleistocene the Eurasian range of M. primigenius was

torn into several isolated pieces. Polymorphism may

also be indicativeof unfavorableconditionsacross the

major part of the mammoth's former range. The data

available allows the suggestion that the total number

of mammoths was reduced by the end of the

Pleistocene, but at the same time that some parts of the

area they formerly inhabited were overpopulated
because favourable living conditions persisted there.

It is also possible that mammoths, being the largest
Late Pleistocene mammals, disrupted the balance in

such ecosystems and thus aggravated the already
unfavourable conditions at that time.
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Tables and photos to the text

Table 1. Skull measurements (in mm) of M. primigenius foetusses and calves; specimens are ordered in growing individual age. 1. length from

the distal edge of the premaxillary bones to the vertex of the skull; 2. length from the occipital condyle to the distal edge of the tusk alveolus;

3. length of the forehead from the vertex to the upper edge of the nasal opening; 4. length from the vertex to the bottom of the nasal bones; 5.

greatest length and width of the nasal opening; 6. greatest distance between the left and right zygomatic bone; 7. greatest distance between the

left and right occipital bone; 8. width of premaxillary onthe level of the infraorbital foramen; 9. smallest width of the frontal bones; 10. diame-

ter of the tusk alveolus; 11. height of the skull from the vertex to the level of masticatory surface; 12. height from the vertex to the lower edge
of the condyle; 13. length of the zygomatic bones; 14. greatest distance between anterior and posterior edge of the alveolus; 15. height / width

ratio of the condyle.

Tabel 1. Schedelmaten (in mm) van ,M. primigenius ongeboren vruchten en kalveren, geordend inoplopende individuele leeftijd. 1. lengte van

de onderrand van het premaxillare tot de vertex van de schedel; 2. lengte van de achterhoofdsknobbel tot de onderrand van de tandkas van

de slagtand; 3. lengte van het voorhoofd van vertex tot bovenrand van de neusopening;4. lengte van de vertex tot de onderrand van de neus-

beenderen; 5. grootste lengte en breedte van de neusopening; 6. grootste afstand tussen rechter en linker jukbeen; 7. grootste afstand tussen

linker enrechter achterhoofdsbeen;8. breedte van het premaxillare op het niveau vanhet infraorbitale foramen; 9. kleinste breedte van de

voorhoofdsbeenderen; 10. diameter van de tandkas van de slagtand; 11. schedelhoogtevan de vertex tot het niveau vanhet kauwvlak; 12.

hoogte van de vertex tot de onderrand van de achterhoofdsknobbel; 13. lengte van de jukbeenderen; 14. grootste afstand tussen voor- en ach-

terrand van de tandkas; 15. hoogteen breedte verhoudingvan de achterhoofdsknobbel.

Collec-

tion

num-

ber

and in-

divi-

dual

age

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ZIN

34416,

foetus

19-20

(?)
month

s

252(?) 143 97 81/28 172(?) 75/72(

?)

130 81(?) 20/20

ZIN

31661,

foetus

20-21

(?)
month

s

268 255(?) 92 185(?) 178 79/76 134 16 160(?) 130(?) 87(?) 24/31 22/18

PIN

4353-

2614,

New-

born

calf

306 345 150(?) 123 236(?) 216 -/196(

?)

148 223 136 124 32/34 30/24

GIN

77,

calf, 1

month

107 190 81/81 16 25/37

ZIN

31771(

1), calf,

10-11

month

s

287 272 -/103 153 29/35 43/28

PIN

4353-

933,

calf, 1

year

390 405 176(?) 160 280 260 103/11

2

173 22 295 173 180 33/45 50/32
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Table 2. Mandible measurements (in mm) of M. primigenius foetuses and calves. 1. greatest width; 2. greatest length and depthof the body; 3.

depth of the body at the posterior edge of the alveolus; 4. thickness of the body at the posterior edge of the alveolus; 5. symphysis length; 6.

length ofinteralveolar crest; 7. smallest width of the ascending branch; 8. size of the glenoidhead (length/width); 9. distance between the

teeth (anteriorly/posteriorly).

Tabel 2. Onderkaaksmaten (in mm) van .M. primigeniusongeboren vruchten en kalveren. 1. grootstebreedte; 2. grootste lengte en dieptevan

het lichaam van de onderkaak; 3. dieptevanhet lichaam van de onderkaak ter hoogtevan de achterrand van de tandkas; 4. dikte vanhet li-

chaam van de onderaak op hetzelfde punt; 5. lengte van de symphyse; 6. afstand tussen de tandkassen; 7. kleinste breedte van de opgaande

tak; 8. lengte en breedte van de gewrichtsknobbel; 9. afstand tussen de kiezen (voorrand, achterrand).

Collection

number and

individual

age

1 2 3 4 5 6 7 8 9

ZIN 31661,

foetus 20-21

(?) months

123 153/(?) 42 24 34 51 - - 43/39

ZIN 29843,

foetus 21-22

(?) months

- - 43(?) 29(?) 39 54(?) - - -

ZIN

28392(4),
foetus or

newborn

calf

38(?) 22(?) 30 57(?)

ZIN

34419(24),
foetus or

newborn

calf

38 56(?)

PIN 4353-

2615, new-

born calf

142 205/110 55 42 35 74 89 36/25 53/53

ZIN

34201(1),
calf, 1

month

-/128 50.5 46 75 25/31

GIN 77, calf,

1 month

168(?) 222/97 47 44 42 68(?) 88 23/28(?) -

ZIN34426,

calf, 8-11

months

- - 53 49 32 91 - - -

PIN 2323-

12, calf,

8-11 months

- - 55 53 28 76 - - -

Field num-

ber: Kos-

tionki 1,

1994, calf,

11-12

months

215 310/- 64 57 60 108 128(?) 38/45

PIN 778-1,

calf, 14-18

months

250 290(?)/- 68 47 62 115
- - 47/52

PIN 4531-

12, calf, 14-

18 months

280 275/152 64 58 48 92 125 34/40 32/39

PIN 4353-

591, calf, 3

years

327 335/190 81.5 90 57 127 165 40/47 65/97

ZIN

31278(1),
calf, 3.5-4

years

372 96 98 73 145(?) 47/67
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Table 3. Mandible measurements (in mm) and proportions of M. primigenius foetuses and calves.

Tabel 3. Onderkaaksmaten (in mm) en verhoudingenvan M. primigenius ongeborenvruchten enkalveren.

Collection number Length of ascending
branch

Length of symphy-
sis

Ratio length

brach/length

symphysis

Individual

age

Greatest length

From D. Dobert,

(1992)

135 60 2.07 2 weeks -1 month

(?)

195(?)

PIN 2323-12
-

63
-

8-11 months
-

GIN 77 152 67 2.26 1 month 222

PIN 4353-2615 140 75 1.86 newborn calf 205

ZIN 31661 90 50 1.8 foetus 153(?)

Field number: Kos-

tionki 1,1994,

229 76.5 2.9 1 year 310

PIN 4531-12 205 75 2.73 14-18 months 175

PIN 4353-678 260 93 2.79 14-18 months 353

PIN 4353-591 257 70 3.67 3-3.5 years 327

ZIN 31278(1) - - - 3.5-4 years 372
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Table 4. Measurements (in mm) of the deciduous tusk (di) ofM. primigenius calves from the Russian Plain. 1. length; 2. greatest crown length;

3. same, greatest transverse diameters; 4. greatest transverse diameters of the root; 5. root canal; 6. wearof crown enamel and the presence of

cement.

Tabel 4. Maten (in mm) van de melkslagtand (di) vanM. primigenius kalveren van de Russische Vlakte. 1. lengte; 2. grootstekroonlengte; 3.

groostekroondiameters; 4. grooste worteldiameters;5. wortelkanaal; 6. slijtage van glazuur op de slagtandkroonen de aanwezigheid van ce-

ment.

Collection num-

ber and individu-

al age

1 2 3 4 5 6

ZIN 31661, foetus 48(7) 11(7) 9/5.5 8.5/6 Root canal of the

tusk is open.

Root walls are

thin

Enamel is not

worn and pro-

posedly covered

with cement

ZIN 31372(1), calf,

1-2 weeks (?)

52 12 10/7 8/6 Root canal of the

tusk is open

Enamel is not

worn. The cement

is partly preser-

ved onthe tusk

head

PIN 4353-3240),
calf, 1-2 weeks

53 9.5(7) 11/- 9.3/- Root canal of the

tusk is open

Enamel is not

worn. The tusk

head lacks cement

ZIN 32572(3), calf,

1-4 months

13 11/6 Root canal of the

tusk is open

Enamel onthe

tusk head begins

to wear. Cement

preserved only on

the head basis

ZIN 28392(2), calf,

1-4 months

48 12 10/7 9/7 Root canal of the

tusk is open

Enamel onthe

tusk head begins
to wear and has a

relief of longitudi-
nal grooves. Ce-

ment preserved

onthe head basis

ZIN 32572(5), calf,

6-9 months

45(7) 12 10/7.5 9/7.5 Root canal of the

tusk is open

Entire surface of

the head is tou-

ched by enamel

bearing

ZIN 34422, calf,

6-9 months.

45 13 10.5/7 10/7 Root canal of the

tusk pactically
closed. Root end

resorbed

Entire surface of

the head is tou-

ched by enamel

bearing

ZIN 32572(2), calf,

6-9 months.

18 10.3/6.5 Root canal of the

tusk is closed (?).

Root walls are

thick

Entire surface of

the head is tou-

ched by enamel

bearing

PIN 4353-3241,

calf, 6-9 months.

52 15 10/- 12/- Root canal of the

tusk is closed.

Root is not tou-

ched by resorp-

tion

Enamel of the

tusk head is hea-

vily worn. Tusk

head lacks cement

PIN 4353-933,

calf, 1 year

Root canal of the

tusk is closed. Ap-

prox. 50 % ofroot

length is resorbed

Enamel of the

tusk head is hea-

vily worn. Tusk

head lacks cement

ZIN 32572(4), calf,

1 year

11 10/7 8/7 Root canal of the

tusk is closed

Enamel of the

tuskhead is hea-

vily worn. Tusk

head enamel lacks

relief. Tusk head

lacks cement
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Table 5. Measurements (in mm) of the permanent tusk (I) of calves ofwoolly mammoth ((M. primigenius) and Indian elephant (E. maximus).

Tabel 5. Maten (in mm) van de blijvende slagtand (I) van kalveren van de wolharige mammoet (M. primigenius) en eenkalf van de Indische

olifant (E. maximus).

Table 6. Measurements (in mm) of dp² and dp2 of M. primigenius calves from the Russian Plain.

Tabel 6. Maten (in mm) vaneerste generatie melkkiezen (dp² en dp2) vanM. primigenius kalveren van de Russische Vlakte.

Collection number

and individual age

Tusk length Maximal transverse

diameters (verti-

cal/horizontal)

Pulp cavity depth Transverse diameters

of the dentine tusk

tip (vertical/horizon-

tal)

Width/lenght ofde-

pression onthe inner

surface of the tusk

PIN 4353-1008,calf,

1.5-2 years

- 18/24 20 (?) 12/6 5/15

PIN 4353-1000,calf,

1.5-2 years

- 17/23 - 14/6 4/23

PIN 4531-25, calf,

1.5-2 years

215 25/28 70 13/6 5/46

SDM 421-1 (£. maxi-

mus), calf, 1 year (?)

73 21/25 50 - -

PIN 4353-933,calf, 1

year

64 11/17 - - 7/(?)

PIN 4531-24, calf, 1.2

years (?)

160 24/31 - 14/7 no depression

Collection

number

Tooth Length/

width of the

tooth

Total number

of plates

Length/

width of the

plate

Enamel

thickness

Number of

worn plates

Grinding
surface length

ZIN 32572(9) dp2 17.5/15 5 3.5/14 -
0 0

ZIN 32572(7) dp2 17/14 5 3.5/14.5 0.5(?) 5 12

ZIN 32572(8) dp2 20/15 6 3/14 0.8 0 0

ZIN 29843(255) dp2 15.5/13 5 2.9/13 0.8 0 0

ZIN 29842 dp2 16/17 - - 0.5 all plates 16

ZIN 28392(1) dp2 17/14.5 5 3/12 0.4 0 0

ZIN 29841(255) dp2 15/13 5 3.5/11 0.4 2 5

ZIN 31541(13) dp2 15/13 3plates remain 3/11.5 0.5 4 15

ZIN 30932 dp2 20.5/17 5 -/15 0.8 5 18

ZIN 29070 dp2 16/13 4 plates remain -/10 0.5 all plates 15.5

ZIN 31771 dp2 18/16 completely
worn

-/14 -
all plates 18

ZIN 34416 dp2 18/16 5 3.2/14.5 - 0 0

PIN 4353-2614 dp2 15/11.5 5 - - 0 0

ZIN 34419(31) dp2 12/9.5 5 2.5/9 0.4 0 0

ZIN 28392(3)' dp2 12 - - 0.5 all plates 11

ZIN 28392(4) dp2 11.5/7 4 3/12 0.4 0 0

ZIN 34421 dp2 11/7 4 3.5/- 0.5 0 0

ZIN 29843 dp2 13/9 5 3.5/8.5 0.5 0 0

ZIN 29842 dp2 14.5/9 5 2.5/8.0 -
0 0

ZIN 34201 dp2 15/11.5 5 3.5/11 0.8 3 9

ZIN 31517(1) dp2 13/11 completely
worn

-
0.5 all plates 13

ZIN 31541(12) dp2 -/ll completely
worn

-
0.5 all plates 12

ZIN 31836(1) dp2 - completely

worn

- - -
12

PIN 4353-2615 dp2 13.5/11 4 - - 0 0
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Table 7. Comparison ofsizes (in mm) of dp² and dp2 of M. primigenius calves from the Russian Plain and East Siberian sites (Zerechova, 1977;

Urbanas, 1980;Sher & Garutt, 1985a, b). For East Siberia (Berelekh locality), the meanvalue for plate length is given (Zerechova,1977).

Tabel 7. Vergelijking vanmaten (in mm) vaneerste generatiemelkkiezen (dp² en dp2) vanM. primigenius kalveren van de Russische Vlakte en

Oost-Siberië (Zerechova,1977; Urbanas, 1980;Sher & Garutt, 1985a,b). Voor Berelekh (Oost-Siberië) wordt de gemiddelde waarde van de

plaatlengte opgegeven (Zerechova, 1977).

Table 8. Measurements (in mm) of dp³ of.M. primigenius calves from the Russian Plain.

Tabel 8. Maten (in mm) van tweede generatie bovenkaaksmelkkiezen (dp³) van M. primigenius kalveren van de Russische Vlakte.

Region Length ofthe tooth Width of the tooth Total number of pla-
tes

Length of the plate Enamel thickness

Russian Plain 15-20.5 13-17 5 2.9-3.5 0.5-0.9

11-15 7-11 4

One dp2 specimen
with six plates

2.5-3.5 0.4-0.8

East Siberia 14.3-18 12-20 5 3-3.6 0.7-0.8

14 8-16 5 2.8 0.7

Collection num-

ber

Length/

width of the tooth

Total number of

plates

Length/

width of the plate

Interplate width Enamel thickness Number ofworn

plates / grinding
surface length

(mm)

ZIN 2907 56/35 8 4/35 2.5 0.5 2/11

ZIN 29880 59/40 7 plates remain 5(?)/33.5 4 0.6 7/59

ZIN 31540(21) 57(?)/35 8 4.5/33 4 0.5 8/59

ZIN 30934 55/36 7 plates remain 5(?)/30 3 0.8 7/55

ZIN 31771 65/32 8 4.5(7)/- 5.5 0.8 6/49

ZIN 31773 57/43 7 plates remain 5(?)/42 4 0.8 7/57

ZIN 31277(1) 59/38.5 6 plates remain 5/34 3.5 0.8 5/59

ZIN 31722 55/39 8 7/35 2.5 0.5 8/55

ZIN 31689 67/39 7 5/38 5 0.5 7/62

ZIN 30932 57/34 8 5/34 3.5 0.6 2/13

ZIN 30928 54/39(?) 7 plates remain 6/32 4.5
- 7/54

ZIN 30925 59/39 (?) 4.5/37 3.5 0.6 7/59

ZIN 30926(1) 57/39 7plates remain 4.8/32 2.5 0.8 7/57

ZIN 25550(1) -
7plates remain 5/22 4 0.5 6/-

PIN 4353-933 57/33 7plates remain 5/24 4.5 0.9 (?) 7/51

PIN 4353-2824 -/42 3 plates remain - - 1(7) 3/52
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Table 9. Comparison of sizes (in mm) of dp³ and dp3betweenM. primigenius calves from the Russian Plain and from East Siberian sites

(Urbanas, 1980;Sher & Garutt, 1985a, b).

Tabel 9. Vergelijking van maten (in mm) vantweede generatie melkkiezen (dp3
en dp3) tussen M. primigenius kalveren van de Russiche Vlakte

en van Oost-Siberië (Urbanas, 1980; Sher & Garutt, 1985a, b).

Table 10. Measurements (in mm) of dp3 ofM. primigenius calves from the Russian Plain.

Tabel 10. Maten (in mm) vantweede generatie onderkaaksmelkkiezen (dp3) van .M. primigenius kalveren van de Russische Vlakte.

-

Region Tooth length Tooth width Total number of pla-
tes

Plate length Enamel thickness

Russian Plain 54-67 32-43 7-8 4-6 0.5-0.8

43.5-66 28.5-37 7-9 4-5.5 0.5-1

East Siberia 53 - 56.5 28-40 7-9 6.6-7.9 0.7-1.3

28.5 - 37 26-36 7-10 7.2-7.6 0.7-1

Collection num-

ber

Length/

width of the tooth

Total number of

plates

Length / width of

the plate

Interplate width Enamel thickness Number of worn

plates / grinding
surface length

Field number:

Kostionki 1,1994

45/30 6(7) 4.5/24 3.5 0.5 6/39

ZIN 29872 53.5/34 7(?) 5.5/30.5 3.5 0.8(7) 7/53.5

ZIN 32572(1) 43.5/28.5 6 plates remain 5/27 3.2 0.5 6/43.5

ZIN 28284 54/34.5 9 4(?)/33(?) 4.5 0.7 2/16

ZIN 1 30924 53/35 6plates remain 4.5(?)/30 2.7 0.8 6/53

ZIN 25860(1) 54.5/30 7 5.5/23(?) 4 0.5 6/47

ZIN 34419(27) 62/37 7 5/32 3 0.8(7) 7/62

Field number:

Bliznetsov Cave,

1968,4/1,2

64/36 9 4.5/35 4.5 1 7/54

Field number:

Bliznetsov Cave,

1968,D/l

66/35 9 4.5/34(?) 5(7) 0.5 7/52

ZIN 34427 59.5/30.5 9 4.5/20(7) 5 0.8(7) 7/49

ZIN 34426 47/28 8 3.5/26(7) 3.5 0.5 (?)

ZIN 31836(1) 31/29 (?) - - 0.8(7) -/29
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Table 11. Measurements (in mm) of dp4 and dp4 of M. primigenius calves from the Kostionki site, Voronezh region.

Tabel 11. Maten (in mm) van derde generatie melkkiezen (dp
4

en dp4) vanM. primigenius kalveren uit Kostionki, regio Voronezh.

Table 12. Comparison of sizes (in mm) of dp4 and dp4 between M. primigenius calves from the Russian Plain and from East Siberian sites

(Urbanas, 1980;Sher & Garutt, 1985 a, b).

Tabel 12. Vergelijking vanmaten (in mm) van derde generatie melkkiezen (dp4
en dp4) tussen M. primigenius kalveren van de Russische Vlak-

te en vanOost-Siberië (Urbanas, 1980; Sher & Garutt, 1985a, b).

Collection

number, posi-
tion in mandi-

ble

Length/

width of the

tooth

Total number

ofplates

Length / width

of the plate

Interplate
width

Lamella fre-

quency

(in distance 10

cm)

Enamel

thickness

Number of

worn plates /

grinding
surface length

ZIN 31252; dp4 -/53(?) 11(7) 4.5/53 3.5 - 0.9 1/15

ZIN 30937; dp4
-

9 plates remain 5.5/52 4 - 1 -/-

ZIN 31773; dp
4

110(?)/53 12 6.5/39 5.5 11 0.9 6/60

ZIN 31772; dp4 104/48(7) 13 5/48 3 13 1 3/28

ZIN 31837; dp4 105/56 12 5.5/41(7) 5.5 12 1 7/63

ZIN 31836(1);

dp4

94/43(7) 12(7) 5.5/34 3(7) " 0.9 7/59

ZIN 31278(1);

dp4

112/52 12(7) 6/42 5 11 1 12/109

ZIN 28284; dp4 100(?)/54 11 plates re-

main

6.5/50 4.5 - 1 11/114

ZIN 31250; dp4 108/52 12 5/48 5 11 0.9 10/80

ZIN 30936; dp4 111/56(7) 11 plates re-

main

5/54 4 11 0.9 11/110

Region Tooth length Tooth width Total number of pla-
tes

Plate length Enamel thickness

Russian Plain 104-110 48-56 11-13 4.5-6.5 0.95

94-128 45-58 11-12 5-6 0.95

East Siberia 42 -62

41(?)-56

10-14

11-14

- -
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Table 13. Measurements (in mm) of humeri of foetusses and calves of M. primigenius from the Russian Plain.

Tabel 13. Maten (in mm) van opperarmbeenderenvanongeboren vruchten en kalveren vanM. primigenius van de Russische Vlakte.

Measure-

ments

ZIN

32572(1)

ZIN

31740 (2)

IAE Sh-

77, 4a

ZIN

31744(1)

ZIN

34419(17)

ZIN

20564(54)

PIN

4353-2658

PIN

4353-713

PIN

4353-630

ZIN

34386 (3)

PIN

4353-493

Diaphy-
seal

length

168(?) 204 244 426 (560

including

ephyfi-

ses)

320

Medio-la-

teral dia-

meter of

the distal

end of di-

aphyis

62 80 78 80 70(?) 98 107 180 141

Antero-

posterior
diameter

of the dis-

tal end of

diaphysis

19(?) 35 29 21 28 46 60 95 80

Sortest

medio-la-

teral dia-

meter of

diaphysis

20 18 26.5 30 25 24 34 37 65/60 26/21 49

Antero-

posterior
diameter

of the

proximal
end of di-

aphysis

63 54(?) 81 107 170 46 113

Medio-la-

teral dia-

meter of

the proxi-
mal end

of di-

aphysis

48 61 78 140 29 107

Height
from the

end of

crista

epicondy-
lus latera-

lis to the

distal end

of di-

aphysis

46 52 59(?) 56 60(?) 50 80

Individu-

al age

Foetus

(beginnig

(?) of the

second

year of

preg-nan-

cy)

Foetus

(beginnig

(?) of the

second

year of

preg-nan-

cy)

Foetus

(last peri-
od of

pregnan-

cy)

Newborn

1 week (?)

Newborn

1 week (?)

Newborn

1 week (?)

Newborn

1 week (?)

Calf

1 year

Subadalt

6-7

years

Foetus

(last peri-
od of

pregnan-

cyl5-18?

monthes)

Calf

3 years (?)
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Table 14. Measurements (in mm) ofulnae of foetusses and calves of M. primigenius from the Russian Plain.

Tabel 14. Maten (in mm) vanellepijpen vanongeboren vruchten en kalveren vanM. primigenius van de Russische Vlakte.

Measure-

ments

ZIN

31740(3)

PIN

4353-2659

ZIN

34201

ZIN

31740(5)

Z1N

31740(4)

ZIN

34419 (13)

PIN

4353-878

ZIN

31744 (3)

PIN

4353-499

ZIN

31744 (4)

GIN 77

Maximal

diaphy-
seal

length

126 184 195 193 190(?) 213 226 258 285 307 188

Length
from the

anterior

edge of

crescent

notch to

the distal

end of di-

aphysis

108(?) 162 153(?) 154 162 175 184 212 238 254 157

Width of

articula-

ted

surface of

the cres-

cent

notch

«(?) 78 56 75 72 80(?) 85 103 117 118 65

Antero-

posterior
diameter

at the le-

vel of ar-

ticulated

surface of

the cres-

cent

notch

46 69 25 57 57 80 51 95 100 108 65

Medio-la-

teral dia-

meter of

the distal

end of di-

aphysis

24(7) 48 43 48 37(7) 45(?) 59 57 79 76 42

Antero-

posterior
diameter

of the dis-

tal end of

diaphysis

28(7) 40 45 42(?) 51 66 82 51

Minimal

transver-

sal dia-

meter of

diaphysis

16 26 22 27 28 32 36 37 44 42 20

Shortest

medio-la-

teral dia-

meter of

diaphysis

20 28 26.5 24 32 33 37 45 25

Individu-

al age

Foetus

(last pre-

natal sta-

ge)

Newborn Calf,

1month

(?)

Calf,

1 month

(?)

Calf,

1 month

(?)

Calf,

1 month

(?)

Calf,

1 year

Calf,

1 year (?)

Calf, 3-4

years

Subadult,

6-7 years

Calf, 1

month (?)
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Table 15. Measurements (in mm) of femora of M. primigenius calves from the Russian Plain.

Tabel 15. Maten (in mm) van dijbeenderenvanM. primigenius kalveren van de Russische Vlakte.

Measu- ZIN ZIN ZIN PIN ZIN ZIN ZIN ZIN ZIN PIN PIN IAE

rements
31740 (6) 32572

34419(10 4353- 34201 (4) 34419
31744(5) 34419 31744

4353-
4353-419

Sh-77, 5b

(10)
) 2698

(12) (11) (5) 552

Trans- 27/24 - 48/40 51/- 50/48 50/45 61/58 71/64 74/68 74/69 92/86 -

verse/

longitu-
dinal di-

ameters

of head

Medio- 36 _ 63 80 72 81 - 106 116 96 124 60.5

lateral

diameter

of the

distal

shaft

end

Antero- 32 _ 53 62 54 69 - 84 92 81 100 49

posterior
diameter

of the

distal

shaft

end

Shortest 24 26 33 40 32 38 52 50 50 47 66 29.5

medio-

lateral

diameter

of shaft

Shortest 19 24 27 34 24 30 38 43 49 41 49 28

antero-

posterior
diameter

of shaft

Greatest 156
_

226 250 245 280 -
365 392 310 450 208(?)

shaft

length

Longitu-
dinal /

26/35 24/35(?) 33/51 45/59 36/52 48/62 50/71 53/82 64/85 53/70 109/- -

trans-

verse di-

ameter

of the

neck

Shaft 143 _
198 210.5 211 243 - 306 333 270 400 183

length

(to tro-

chanter

major)

Indivi- Foetus Foetus New- New- Calf, Calf, Calf, Calf, Calf, Calf, Suba- Foetus

dual age (last pre-

natal

stag)

(last pre-

natal sta-

ge)

born born
1 month

(?)

1-1.5 ye-

ars (?)

1-1.5 ye-

ars (?)

1-1.5 ye-

ars (?)

1-1.5 ye-

ars (?)

1 year
dult,

6-7 years

(last sta-

ge of

pregnan-

cy)
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Table 16. Measurements (in mm) oftibiae ofM. primigenius calves from the Russian Plain.

Tabel 16. Maten (in mm) van scheenbeenderen vanM. primigenius kalveren van de Russische Vlakte.

Measu-

re-

ments

ZIN

31740

(7)

ZIN

34419

(16)

Z1N

31740

ZIN

31740

(9)

PIN

4353-

2703

ZIN

34201

(2)

34419

(14)

ZIN

31740

(8)

ZIN

34419

(15)

ZIN

31744

(6)

PIN

4353-

873

PIN

4353-

1709

IAE

Sh-77,

3g

PIN

4353-

625

Maxi-

mal di-

aphyse
al

length

95 117 135 146 160 156 186 200 207 262 240 184 127.5 340

Trans-

ver-

sal/ant

ero-

posteri-
or dia-

meters

of

proxi-
mal

end of

di-

aphysis

30.5/24 38/29(?

)

52/36(?

)

57/48 69/51 66/65 86/65 93/76 94/75 105/- 98/73 88/63 51/39 135/95

Mini-

mal an-

tero-po

sterior/
trans-

versal

diame-

ters of

di-

aphy-
sis.

22/19 25/21 29/25 33/27 34/27 33/26 43/35 44/36 42/37 51/48 50/45 40/35 25/25 65/58

Trans-

versal

/ an-

tero-

posteri-
or dia-

meters

of di-

aphysis
distal

end

23.5/23 32/27 38(?)/3
7

47/37(?

)

60/42 66/45 65(?)/4
6

79/58 76/59 81(?)/6
6

83/68 63(?)\5
3

43.5/34 110/90

Indivi-

: dual

age

Foetus,

begin-

ning of

the se-

cond

year of

preg-

nancy

Foetus,

last sta-

ge of

preg-

nancy

Foetus,

last sta-

ge of

preg-

nancy

New-

born (?)

New-

born

New-

born

Calf,

1
year

(?)

Calf,

1
year

(?)

Calf,

1 year

(?)

Calf,

4 years

(?)

Calf,

3-4 ye-

ars

Calf,

1 year

Foetus,

last sta-

ge of

preg-

nancy

Suba-

dult,

6-7 ye-

ars
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Table 17. Measurements (in mm) of the atlas of M. primigenius calves; for numbers,see fig. 3.

Tabel 17. Maten (in mm) van de atlas vanM. primigenius kalveren; voor nummers, zie fig. 3.

Table 18. Measurements (in mm) of the axis of M. primigenius calves; for numbers, see fig. 3.

Tabel 18. Maten (in mm) van de draaier van .M. primigenius kalveren; voor nummers, zie fig. 3.

Measurement PUN ZIN PIN PIN PIN

4353-2614 34201 (5) 4353-926 4353-503 4353-633

1. 5(7) 82 103 142 175

2. 36(?) 48 72 77 104

3. 34 31 45 58 74

4. 24 19 33 35 58

5/6 - 35/46 - - -

7/8 5/- 5.5/9.5 5/- 9/17 52/89(7)

9. -
53 - - 133(7)

10. 66(7) -
96 122 130

11. 13 10 «K7) 13 25

12. 53 - 83 115 125

13. 18
-

24 31 47

Individual age
Newborn Calf, 1 month (?) Calf, 1 year Calf, 3-4 years Subadult,

6-7 years

Numbers ÏÈÏ '4353-

2495

CÈI '34201(6) ÏÈI '4353-

925

ÏÈI '4353-

504

ÏÈI '4353-

664

1. 22 25 46 -
57

2. 67 73 - -
150

3. 24 30 - -
67

4. 59 58 77 90 131

5/6. 31/29 36/33 37/28(?) - 41/50

7. 67(1) 64 80(?) - -

8. 29 37 50(7) - 89

9/10. -/9 - -/7(?) -/10 -/18

11. 38(?) 44 65 - 88

12. 14 11 22 21 106

13. 22 -
29 29 46

14. 22
-

27 33 63

15/16. 24/20 - 33/28 41/35 67/49

17. Maximal

thickness of vertebral

centra

9 15 - -
30

Individual age Newborn Calf, 1 month (?) Calf,

1 year

Calf,

3-4 years

Subadult,

6-7 years

CRANIUM 19,1 -
2002
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Table 19. Measurements (in cm) of cadavers and skeletons ofM. primigenius calves (Vereshchagin, 1981; Vereshchagin & Tikhonov, 1999;

Kuzmina, 1999).

Tabel 19. Maten (in cm) vankadavers en skeletten vanM. primigenius kalveren (Vereshchagin, 1981;Vereshchagin& Tikhonov, 1999;Kuzmi-

na, 1999).

Table 20. Measurements (in mm) offoetuses of L. africana and E. maximus ondifferent stages of gestation (Ananthanarayana& Marippa, 1950;

Frade, 1955;Deraniyagala, 1955;Beyer et al., 1990).

Tabel 20. Maten (in mm) van foetussen van de Afrikaanse olifant L. africana en de Indische olifant E. maximus gedurendeverschillende stadia

van de dracht (Ananthanarayana& Marippa, 1950; Frade, 1955; Deraniyagala, 1955; Beyer et al., 1990).

Measurements ZIN PIN ZIN 34201 ZIN N 70188 PIN

34416 (Kostionki 1,

skull)

4353-2619-

2704

(Sevsk, skeleton)

(Yamal peninsula, ca-

daver)

(MagadanRegion, ca-

daver)

4353-871-

986 (Sevsk,

skeleton)

Lengthof body (ske-

leton), from back of

the head to base of

the tail

72 97 97.5-104

Body height (skele-

ton) in head (skull)

- 75 71 104 115

Lengthof head (from
tusk alveolus edge to

occiput). Length skull

(from the occipital

condyle to the distal

edge ofthe tusk alve-

olus)

25.2 30.6 43 48 39

Shaft length:

humerus - 20.4 19.8 25 24.4

ulna 18.4 19.5 26 22.6

femur 25 24.6 30 30

tibia 15.5 15.7 20.5 18.6

Individual age Foetus,

last prenatal stage

Calf,

1-2 weeks

Calf, 1 month (?) Calf,

7-8 months (?)

Calf, 1 year

£. maximus L. africana

Specimen 1 2 3 4 1 2 3

Shoulder height 57 92 225 - - 250 780

Lengthof front

leg

34 53 140 - -
- -

Lengthof hind

leg

33 53 140 - - - -

Lengthof body,
from back of

the head to

base of the tail

193 315 685 330 230 330 1100

Stage of preg-

nancy

4-5 months 10

months

15

months

(?)

10

months

(?)

5

months

10

months

20

months
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Species Number ofremains

Mammuthus primigenius

Equus caballus

Cervus sp.

Coelodonta antiquitatis

Bosi sp.

Lagurus lagurus

Microtus gregalis

3800

3

1

1

1

16

8

Table 22. Comparison of number and composition of some bone groups from the Sevsk and Berelekh sites (Vereshchagin, 1977).

Tabel 22. Vergelijkingvan aantal en samenstelling van enkele botgroepenuit Sevsk en Berelekh (Vereshchagin, 1977).

Tabel 21. Zoogdiersoortenuit Sevsk (Maschenko et al., in press).

Table 21. Mammalian species from the Sevsk locality (Maschenko et al., in press).

Number ofbones Percentage (from total number of mammoth bones)

Sevsk Berelekh Sevsk Berelekh

Tibia 52 169 1.4 2.01

Femur 52 179 1.4 2.12

Fibula 49 86 1.3 1.02

Humerus 53 86 1.4 1.85

Ulna 50 155 1.39 1.84

Radius 39 143 1 1.7

Pelvis 25 215 0.7 2.55

Scapula 30 156 0.8 1.85

Vertebra 740 1328 20 15.7

Cranium 24 - 0.6 -

Mandibula 23 128 0.59 1.44

Tusks 40 44 1 0.5

Individuals 33 156
- -

Percentage of bones pre-

served (relatively to ex-

pected number)

57% 24% " "

Species Number of remains

Mamtnu thus primigenius 3800

Equus caballus 3

Cervus sp.
1

Coelodonta antiquitatis 1

Bos sp.
1

Lagurus lagurus 16

Microtus gregalis 8
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Table 23. Comparison of sizes (in mm) of long bones of M. primigenius from the Sevsk, Berelekh, and Yuribei sites (Baryshnikov et al., 1977;

Dubrovo, 1982).

Tabel 23. Vergelijking van maten (in mm) vanpijpbeenderen vanM. primigenius uit Sevsk, Berelekh en Yuribei (Baryshnikov et al., 1977;

Dubrovo, 1982).

Table 24. Comparison of sizes (in mm) of M³ and M3 ofM. primigenius from Wrangel Island (Garutt etal., 1993; Averianov et al., 1995) and the

Sevsk locality.

Tabel 24. Vergelijking vanmaten (in mm) vanM³ en M3 vanM. primigenius van het eiland Wrangel (Garutt et al., 1993; Averianov et al., 1995)
en uit Sevsk.

Greatest length Width of distal shaft end of (humerus,

femur) -
Width of distal epiphysis (tibia,

ulna)

Age group

Sevsk Berelekh Yuribei Sevsk Berelekh Yuribei

Humerus 200-260 155-180 96-103 65-80 1.1-24 I. Foetuses

Ulna 186-235 220-240 - 35-53 75-90 - months -

Femur 240-350 190-230 75-79 30-35

Tibia 153-204 134-150 65-75 45-55

Humerus 260-360 250-490 123-130 115-170 II. 2-6 II. 1-10 ye-

Ulna 243-290 290-400 - 45-63 110-145 -

years
ars

-

Femur 320-359 350-610 94-100 50-90

Tibia 200-235 200-340 75-97 75-135

Humerus 375-420 480-620 760 135-150 160-180 214 in. 7-13 ye- 111.10-20 ye- 10-12 years

Ulna 282-370 380-550 547 (no dis- 63-73 150-170 117 ars ars

Femur 374-540 600-720

tal epiphy-

sis)
100-125 80-100 197

Tibia 250-340 320-450
475

103-120 130-169 169

Humerus 450-640 640-750 158-185 170-215 IV. 30-35 ye- IV. Adults

Ulna

Femur

380-500

554
-

710

500-650

700-850

- 87-98

150-165

170-210

100-120

-

ars older than

40 years

-

Tibia 356-435 400-480 132-168 150-185

Humerus 718-825 750-940 165-193 200-275 V. Adults V. Adults

Ulna 532-672 600-780 . 128-165 180-225 .

older than older than
.

Femur 790-1010 850-1130 158-210 100-150
35-40 years

40 years

Tibia 460-555 470-570 168-187 160-225

I M3 Wrangel Island Sevsk Locality

Tooth length 204-240 173(?)-220

Tooth width 63-72 87-92

Number of plates 21-25 18(7)

Enamel thickness 1-1.4 1.8-2.5

M3 Wrangel Island Sevsk Locality

Tooth length 148-225 173(?)-250

Tooth width Number of plates 46-74 80-93

Enamel thickness 17-26 18(?)-22

1-1.6 1.8-2.5
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Table 25. Measurements (in mm) of tusks of M. primigenius from the Sevsk locality.

Tabel 25. Maten (in mm) vanslagtanden van M. primigenius uit Sevsk.

Table 26. Comparison of the number of different bones from Sevsk (Bryansk region, Russia) and Hot Springs (Dakota, USA; data from

Haynes, 1992), as percentage of the total expected number.

Tabel 26. Vergelijking van de aantallen vanverschillende botten uit Sevsk (Bryansk, Rusland) en Hot Springs (Dakota, USA; gegevens uit

Haynes, 1992), als percentage vanhet totaal aantal verwachte exemplaren.

Measu-

re-

ments

PIN

4353-

687

PIN

4353-

3567

PIN

4353-

1502

PIN

4353-

320

PIN

4353-

1098

PIN

4353-

3564

PIN

4353-

3569

PIN

4353-

3562

PIN

4353-

3566

PIN

4353-

3565

PIN

4353-

445

PIN

4353-

3561

PIN

4353-

3561

PIN

4353-

1213

Maxim

al dia-

meter

57 89 41 63 83 75 75 73 101 96 27 64 68 43

Length

by the

outside

curva-

ture

770 1260 445 713 1360 1528 1590 1524 1430 244 1042 1480 1156 387

Straigh
t line

(alveol

usto

tip)

656 856 410 560 920 1220 1080 770 940 970 227 745 1063 356

Index

of cur-

vature

0.85 0.68 0.9 0.79 0.68 0.79 0.68 0.65 0.66 0.66 0.93 0.71 0.91 0.91

Length
of alve-

olar

part of

tusk

280 480
-

247 364 - 500 490 590 - 155(?) - - -

Age

(years)

17 60(?) 7 12(7) 50(7) 30(?) 35(?) 40 50 50 5 35(?) 30(?) 6

Sevsk Hot Springs

Lower jaw 69 56

Humerus 80 16

Femur 78 20

Scapula 46 22

Ulna 76 18

Tibia 79 28

Radius 59 30

Tusks 60 100

Skulls 79 58
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kalf, ongeveer twee weken oud,PIN

4353-2614,Sevsk, Bryansk. Niet-bewaard

gebleven delen zijn met gips gereconstrueerd

(wit). 1 = zijaanzicht; 2 = onderaanzicht.

M.

primigenius

Foto 3. Schedel vaneenpasgeboren

approximately two weeks old, PIN 4353-2614,

Sevsk, Bryansk region. Non-preservedparts are

reconstructed with gypsum (white). 1 = side

view; 2 = ventral view.

Photo 3. Skull ofa newborn calf of.M. primigenius,

M. primigenius, ongeveer 20-21

maanden dracht, ZIN 31661,vindplaats Malta’, Irkutsk. Niet-be-

waard gebleven delen zijn met gips gereconstureerd (wit). 1 = zij-
aanzicht; 2 =bovenaanzicht; 3 = onderaanzicht; 4 = tandkas.

Foto 2. Schedel vaneenongeboren
M. primigenius, ongeveer 19-20

maanden dracht, ZIN 34416, Kostionki 12, Voronezh.

Niet-bewaard gebleven delen zijn met gips gereconstrueerd (wit).
Bovenaanzicht.

Foto 1. Schedel vaneenongeboren

M. primigeniusPhoto 1. Skull of a foetus, approximately 19-20

months of gestation, ZIN 34416, Kostionki 12, Voronezh region.

Non-preservedparts are reconstructed with gypsum (white).
Dorsal view.

M. primigenius foetus, approximately 20-21

months of gestation, ZIN 31661, Malta’ locality, Irkutsk region.

Non-preserved parts are reconstructed with gypsum (white). 1 =

side view; 2 = dorsal view; 3 = ventral view; 4 = alveolar

structure.

Photo 2. Skull ofa
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Foto 6. Schedel vaneen jaarlingkalf vanM. primigenius, Sevsk, Bryansk.
Functionele kiezen: dp³,

alle platen vertonen slijtage. Tandkassen

van dp² zijn blijven bestaan. In de tandkas voor de rechter slagtand
zit di naast I. Niet-bewaard gebleven delen zijn met gips

gereconstrueerd (wit). 1 =bovenaanzicht; 2 = onderaanzicht; 3 = di

en I in slagtand-tandkas.

M. primigenius, Sevsk,

Bryansk region. Functional tooth: dp³,

all plates are in wear. Alveoli

of dp²persist. In right tusk alveolus the di persist togetherwith I.

Non-preservedparts are reconstructed with gypsum (white). 1 =

dorsal view; 2 = ventral view; 3 = di and Iin tusk alveolus.

Photo 6. Skull of a calf of oneyear old of

kalf vaneenmaand oud, GIN 77, Yamal schiereiland. 1 = onder-

aanzicht; 2 = zijaanzicht; 3 = tandkas.

M. primigeniusFoto 4. Aangezichtsdeel van de schedel vaneen

GIN 77, Yamal peninsula. 1 = ventral view; 2 = side

view; 3 = alveolar structure.

Photo 4. Facial part of the skull of a one-month-old calf of M.

primigenius,

M. primigenius kalf van

tien tot elf maanden oud, ZIN 31771(1), Kostionki 1, Voronezh.

Functionele kiezen: dp² en dp³,

alle platen van dp³ vertonen

slijtage. 1 = onderaanzicht.

Foto 5. Fragment vaneenschedel vaneen

ZIN 31771(1), Kostionki 1, Voronezh region.
Functional teeth: dp² and dp³,

all plates of dp³ are in wear. 1 =

ventral view.

M.

primigenius,

Photo 5. Fragment of a skull of a 10- to 11-months-old calf of
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kalf van 14-18

maanden oud,PIN 4353-668,

Sevsk, Bryansk;
bovenaanzicht.

M. primigenius

Foto 11. Onderkaak vaneen

PIN 4353-668,

Sevsk, Bryansk region; dorsal

view.

M.

primigenius,

Photo 11. Lower jaw of a calf

of 14-18 months of

Foto 8. Onderkaken van vruchten

in het laatste stadium van de dracht (20-22 maan-

den) van de Russische Vlakte en Siberië. 1. ZIN

29843, symphysisdeel, Elisievichi, Bryansk, bo-

venaanzicht; 2 = ZIN 28392(4), symphysisdeel,
Kostionki 1, Voronezh, zijaanzicht. Een deel van

de kam tussen de tandkassen is vernield, en de

wortel van dp² is open; 3 = ZIN 31661, onderkaak,

Malta’, Irkutsk, bovenaanzicht; 4 = idem, zijaan-
zicht.

kalveren vaneenmaand (1) envan acht tot elf

maanden oud (2-5) van de Russische Vlakte

en Siberië. 1 = ZIN 34201(1), Yurebetiyakha

rivier, Yamal schiereiland, linker tak,

symphysisdeel is vernield,zijaanzicht; 2 =

idem,bovenaanzicht; 3 en 4 = ZIN 34427 en

ZIN 34426, Yakutië, rechter takken,

bovenaanzicht; 5 = ZIN 28284(2), Kostionki 14,

Voronezh, linker tak, bovenaanzicht.

M. primigenius

Foto 9. Onderkaken vanM. primigenius

kalveren met functionele

kiezen dp³ and dp4
,

Kostionki 1,

Voronezh, onderaanzicht. 1 = ZIN

31772(2), 2,5-3 jaar oud; 2 = ZIN

31837, 26-30 maanden oud.

M.

primigenius

Foto 7. Schedelfragmentenvan

during the last prenatal stage (20-22 months of

gestation) from the Russian Plain and Siberia. 1.

ZIN 29843, symphysealpart of lower jaw,
Elisievichi locality, Bryansk region, dorsal view; 2

=ZIN 28392(4), symphyseal part of lower jaw,
Kostionki 1, Voronezh region, side view. Part of

the interalveolar crest is destroyed and the root of

dp² open; 3 = ZIN 31661, lower jaw, Malta’

locality, Irkutsk region, dorsal view; 4 = same,

side view.

calves with functional

teeth dp³ and dp4
,

Kostionki 1,

Voronezh region, ventral view. 1 =

ZIN 31772(2), 2.5-3 years of age; 2 =

ZIN 31837,26-30 months of age.

calves

of onemonth (1) and of eight to eleven

months (2-5) from the Russian Plain and

Siberia. 1 = ZIN 34201(1), Yurebetiyakhariver,

Yamal peninsula, left ramus, symphyseal part

destroyed, side view; 2 = same, dorsal view; 3

= ZIN 34427, Yakutia, right ramus, dorsal

view; 4 =ZIN 34426,as (3); 5 = ZIN 28284(2),
Kostionki 14, Voronezh region, left ramus,

dorsal view.

Photo 8. Lower jaws of foetuses ofM.

primigenius

Photo 7. Fragments of skulls of M. primigeniusPhoto 9. Lower jaws ofM. primigenius
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kalveren van de Russische

Vlakte. Maatstreep 1 cm. 1 = ZIN

31372(1), Kostionki 1, Voronez, linker di,

zijaanzicht; 2 = ZIN 32572(3), Kostionki

21, rechter di, zijaanzicht; 3 = ZIN 28392,

Kostionki 11, linker di,binnenzijde; 4 =

ZIN 32572(6), Kostionki 21, linker di,

binnenzijde; 5 = ZIN 34422, Yudinovo,

Bryansk, rechter di, zijaanzicht; 6 = ZIN

32572(6), Kostionki 21, wortelpunt.

kalveren van de Russische Vlakte en Siberië. 1

= PIN 2323-12, Viliny rivier, Yakutië, rechter

tak vaneenkalf van 8-11 maanden oud,

bovenaanzicht; 2 = ZIN veldnummer

”Kostionki 1, 1994”, Kostionki 1, Voronezh,

kaak vaneenkalf van 11-12 maanden oud,

bovenaanzicht; 3 = PIN 778(1), Viliny rivier,

Yakutië, kaak vaneenkalf van 14-18 maanden

oud, zijaanzicht; 4 = PIN 4531-12, Yakutië,

kaak vaneen kalf van 14-18 maanden oud,

zijaanzicht.

Foto 13. Melkslagtanden (di) van M.

primigenius

M. primigeniusFoto 10. Onderkaken van kalveren van de Russische Vlakte en Siberië.

1 = ZIN 31836(1), Kostionki 1, Voronezh, een

ongeveer drie jaar oud kalf; dit is het enige

exemplaar uit de subfamilie Elephantinae

met gelijktijdig functionerende dp², dp³ en

dp4dat bekend is. Maatstreep 5cm. 2 = PIN

4531-14,Yakutië, 3,5-4 jaar oud kalf,

zijaanzicht. Maatstreep 2 cm.

M. primigeniusFoto 12. Onderkaken van

calves from the Russian Plain and Siberia. 1

= ZIN 31836(1), Kostionki 1, Voronezh

region, a calf of approx. 3 years; the only
known representative of the Elephantinae
with simultaneously functioning dp², dp³
and dp4 . Scale bar: 5 cm. 2= PIN 4531-14,

Yakutia, a calf of 3.5-4 years, side view. Scale

bar: 2cm.

calves from the Russian Plain.

Scale bar: 1 cm. 1 = ZIN 31372(1),
Kostionki 1,Voronez region, left di,

lateral view; 2 = ZIN 32572(3), Kostionki

21, right di, lateral view; 3 = ZIN 28392,

Kostionki 11, left di,medial view; 4 = ZIN

32572(6), Kostionki 21, left di,medial

view; 5 =ZIN 34422,Yudinovo locality,

Bryansk region, right di, lateral view; 6 =

ZIN 32572(6), Kostionki 21, root ending.

M. primigeniusPhoto 10. Lower jaws of calves

from the Russian Plain and Siberia. 1 = PIN

2323-12, Viliny river, Yakutia, right ramus of

calf of 8-11 months, dorsal view; 2 = ZIN field

mark ”Kostionki 1, 1994”, Kostionki 1,

Voronezh region, jaw ofa calf of 11-12 months,

dorsal view; 3 = PIN 778(1), Viliny river,

Yakutia, jaw of a calf of 14-18 months, side

view; 4 = PIN 4531-12,Yakutia, jaw of a calf of

14-18 months, side view.

M. primigeniusPhoto 12. Lower jaws of M.

primigenius

Photo 13. Deciduous tusks (di) of
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kalveren van de Russische

Vlakte. 1 = ZIN 28392(1), linker dp2,
Kostionki 11, Voronezh, wangzijde; 2=

ZIN 34419(29), linker dp2, Kostionki 1,

wangzijde; 3 = idem,kauwvlakte; 4 = PIN

4353-2614,linker dp2, Sevsk, Bryansk,

wangzijde; 5 = ZIN 30932, fragment van

linker deel vaneenbovenkaak met

dp²-dp³,

Kostionki 1, wangzijde; 6 = ZIN

31541(13), rechter dp2,Kostionki 1,

kauwvlakte; 7 = idem,wangzijde; 8 = ZIN

34420(2), rechter dp2,Kostionki 19,

wangzijde.

M. primigenius

Foto 15. Eerste generatiekiezen (dp2) van

M. primigenius, Sevsk, Bryansk.

Maatstreep 1 cm (1-4) en 5 cm (5, 6). 1 =

PIN 4353-3240,linker di,binnenzijde; 2 =

PIN 4353-3241,linker di,buitenzijde; 3 =

PIN 4353-3241, linker di,binnenzijde; 4 =

PIN 4353-3240, linker di,buitenzijde; 5 =

PIN 4353-320, rechter I vaneen 13-15 jaar
oud individu; 6 = PIN 4353-1213,rechter I

vaneen 4-6 jaar oud individu.

Foto 14. Melk- (di) enblijvende (I) slagtan-
den van

kalveren uit Elisievichi,Bryansk: 1

= ZIN 34421, linker dp2, kauwvlakte; 2 = idem,

wangzijde; 3 = ZIN 34419(31), rechter dp2,

tongzijde; 4 = idem,kauwvlakte; 5 = PIN

4353-2615,linker dp2, wangzijde.

Foto 16. Eerste generatiekiezen (dp2) van M.

primigenius

M. primigenius, Sevsk, Bryansk

region. Scale bar 1 cm (1-4) and 5 cm (5, 6).
1 = PIN 4353-3240,left di,medial view; 2 =

PIN 4353-3241, left di, lateral view; 3 = PIN

4353-3241, left di,medial view; 4 =PIN

4353-3240, left di, lateral view; 5 = PIN

4353-320, right I ofanindividual of 13-15

years; 6 = PIN 4353-1213,right I of a 4-6

year old individual.

calves from the Russian Plain. 1

= ZIN 28392(1), left dp2,Kostionki 11,

Voronezh region, buccal view; 2 = ZIN

34419(29), left dp2, Kostionki 1, buccal

view; 3 = same, masticatory surface; 4 =

PIN 4353-2614,left dp2, Sevsk, Bryansk

region, buccal view; 5 =ZIN 30932,

fragment of left part of upper jaw with

dp²-dp³,
Kostionki 1, buccal view; 6 = ZIN

31541(13), right dp2, Kostionki 1,

masticatory surface; 7 = same, buccal view;

8 = ZIN 34420(2), right dp2, Kostionki 19,

buccal view.

calves from Elisievichi locality,

Bryansk region. 1 = ZIN 34421, left dp2,

masticatory surface; 2 = same, buccal view; 3 =

ZIN 34419(31), right dp2, lingual view; 4 =

same, masticatory surface; 5 = PIN 4353-2615,

left dp2, buccal view.

Photo 14. Deciduous (di) and permanent (I)
tusks of

M.

primigenius

Photo 16. First generation teeth dp² ofM.

primigenius

Photo 15. First generationteeth dp2 of
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M. primigenius kalveren van

Centraal Rusland: 1 = ZIN 34381, Yudinovo,

Bryansk, rechter fragment van de

bovenkaak met dp³ vaneen ongeveer tien

maanden oud kalf, kauwvlakte; 2 =ZIN

30929(1),Yudinovo, rechter dp3 vaneen

11-12 maanden oud kalf, kauwvlakte; 3 =

idem, tongzijde; 4 = ZIN 29880, dp³ in een

bovenkaaksfragment vaneen 1.5-2 jaar oud

kalf, Elisievichi, Bryansk, kauwvlakte; 5 =

ZIN 28284(1), linker dp³ vaneen 10-12

maanden oud kalf, Kostionki 14, Voronezh,

wangzijde. Maatstreep 2 cm.

Foto 17. Tweede generatiekiezen (dp³ en

dp3) van

kalveren uit Sevsk, Bryansk, onderkant. 1-4 =

onderste groeischijven, achterzijde van de

schachtboven; 5-8 = bovenste groeischijven,

achterzijde van de schacht onder. Maatstreep 1

cm (1-6) en 2 cm (7,8). 1,5 = PIN 4353-2658,

rechter opperarm vaneenpasgeboren kalf van

1-2 weken; 2,6 = PIN 4353-713, linker

opperarm van eenjaarling; 3,7 = PIN

4353-496, linker opperarm vaneen kalf van 3-4

jaar oud; 4 = PIN 4353-62,rechter opperarm

vaneenkalf van6-7 jaar oud; 8 = PIN

4353-745, idem.

M. primigenius

Foto 19. Bovenste en onderste groeischijven

vanopperarmbeenderenvan

M. primigenius kalveren van

Kostionki 1 (1, 3,4, 5) enKostionki 21 (2),
Voronezh, vergeleken met een opperarm van

Sevsk, Bryansk (6); vooraanzicht. Alle,

behalve 1, zijn linker opperarmen. Maatstreep
2 cm. 1 = ZIN 31740(2), ongeborenvrucht van

14-16 maanden;2 = ZIN 32572(1), idem; 3 =

ZIN 34386(3), idem, van 15-18 maanden; 4 =

ZIN 34419(17), pasgeborenkalf; 5 = ZIN

20564(54), kalf van 1-2 weken oud; 6 =PIN

4353-2658, idem.

Foto 18. Opperarmbeenderenvanongeboren

enpasgeboren

M. primigenius calves from Central

Russia. 1 = ZIN 34381,Yudinovo locality,

Bryansk region, dp³ of acalf of approx. 10

months, right fragment of the upper jaw,

masticatory surface; 2 = ZIN 30929(1),
Yudinovo locality, right dp3 of a calf of

11-12 months, masticatory surface; 3 = same,

lingual view; 4 = ZIN 29880, dp3in a

fragment ofan upper jaw of a calf of 1.5-2

years, Elisievichi locality, Bryansk region,

masticatory surface; 5 = ZIN 28284(1), left

dp3 of a calf of 10-12 months, Kostionki 14,

Voronezh region, buccal view. Scale bar: 2

cm.

from Kostionki 1 (1, 3,4,5) and Kostionki 21

(2), Voronezh region, compared to a humerus

from Sevsk, Bryansk region (6); front view.

All, except for 1, are left humeri. Scale bar: 2

cm. 1 = ZIN 31740(2), foetus of 14-16 months;

2 =ZIN 32572(1), same;3 = ZIN 34386(3),
foetus of 15-18 months; 4 = ZIN 34419(17),
newborn calf; 5 =ZIN 20564(54), calf of 1-2

weeks; 6 = PIN 4353-2658,same.

M. primigenius calves from Sevsk,

Bryansk region, distal surface. 1-4 = distal

epiphyses, posterior surface of shaft upward;
5-8 = proximal epiphyses, posterior surface of

shaft downward. Scale bar 1 cm (1-6) and 2 cm

(7, 8). 1,5 = PIN 4353-2658,right humerus of a

newborn of 1-2 weeks; 2,6 = PIN 4353-713, left

humerus of a calf of one year; 3,7 = PIN

4353-496, left humerus of acalf of 3-4 years;
4

= PIN 4353-62, right humerus of anindividual

of6-7 years; 8 = PIN 4353-745.

Photo 17. Second generation teeth dp³ and

dp3 of

M. primigeniusPhoto 18. Humeri of juvenile Photo 19. Distal and proximal epiphyses of

humeri of
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Foto 21. Ellepijpen van . kalveren

vanKostionki 1, Voronezh (1,3,4,7) en van

Sevsk, Bryansk (2,5,6,8). Maatstreep 2cm. 1 =

ZIN 31740(3), rechter ellepijp vaneen ongeboren
kalf van 20-21 maanden, binnenzijde; 2 = PIN

4353-2659, rechter ellepijp (met spaakbeen) van

eenpasgeborenkalf van 1-2 weken, binnenzijde;
3 = ZIN 31740(5), linker ellepijp van eenkalf van

ongeveer een maand oud, buitenzijde; 4 = ZIN

34419(13), linker ellepijp van eenjaarling,

buitenzijde; 5 = PIN 4353-878,rechter ellepijp

vaneen jaarling, binnenzijde; 6 = PIN 4353-499,

linker ellepijp (met spaakbeen)vaneen kalf van

3-4 jaar oud, binnenzijde; 7 = ZIN 31744(4),
rechter ellepijp van eenkalf van6-7 jaar oud,

buitenzijde; 8 = PIN 4353-877, linker ellepijp

(met spaakbeen) vaneenkalf van 3-4 jaar oud,

onderzijde.

M. primigenius

kalveren vanverschillende leeftijden uit

Sevsk, Bryansk. Maatstreep 2 cm (1, 2) en

5 cm (3,4). 1 = PIN 4353-2658, rechter

opperarm vaneenpasgeboren kalf; 2 =

PIN 4353-713, linker opperarm van een

jaarling;3 = PIN 4353-496, linker

opperarm vaneenkalf vaneenjaar of

drie-vier; 4 = PIN 4353-745,rechter

opperarm vaneenkalf vaneenjaar of

zes-zeven.

M. primigeniusFoto 20. Opperarmen van

kalf van ongeveer een maand

oud, GIN 77, Yamal schiereiland: 1 =

zijaanzicht; 2 = voorzijde. Maatstreep 2

cm.

M.

primigenius

Foto 22. Rechter ellepijp vaneen

calf of approx. one month, GIN 77, Yamal

Peninsula: 1 = lateral view; 2 = front view.

Scale bar = 2 cm.

M. primigeniusPhoto 20. Humeri of calves

of different ages from Sevsk, Bryansk

region. Scale bar 2cm (1,2) and 5 cm (3,

4). 1 =PIN 4353-2658,right humerus of a

newborn; 2 = PIN 4353-713,left humerus

of a calf of one year; 3 = PIN 4353-496,left

humerus of a calf of 3-4 years; 4 = PIN

4353-745,right humerus of a calf of 6-7

years.

Photo 21. Ulnas of calves from

Kostionki 1, Voronezh region (1,3,4,7) and

from Sevsk, Bryansk region (2,5,6,8). Scale bar:

2 cm. 1 = ZIN 31740(3), right ulna offoetus of

last prenatal stage (20-21 months), medial view;

2 = PIN 4353-2659,right ulna (with radius) ofa

newborn of 1-2 weeks old, medial view; 3 = ZIN

31740(5), left ulna of a calf of approx. onemonth,

lateral view; 4 = ZIN 34419(13), left ulna of a calf

of approx. one year, lateral view; 5 = PIN

4353-878,right ulna of a calf of oneyear, medial

view; 6 = PIN 4353-499, left ulna (with radius) of

a calf of 3-4 years, medial view; 7 = ZIN

31744(4), right ulna of a calf of 6-7 years, lateral

view; 8 = PIN 4353-877, left ulna (with radius) of

a calf of 3-4 years, distal view.

Photo 22. Right ulna ofaM. primigenius M. primigenius
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van

verschillende leeftijden uit Sevsk, Bryansk.

Maatstreep 2 cm (4,5,7,8), 5 cm (1,2,3) en

10 cm (6). 1 = PIN 4353-2792,volwassen

individu (waarschijnlijk mannelijk) ouder

dan veertig jaar, achterzijde; 2 = PIN

4353-2795, volwassen vrouwtje, ouder dan

vijfendertig jaar, achterzijde; 3 = PIN

4353-552, jaarlingkalf, voorzijde; 4 = PIN

4353-333, binnenste verbeningscentrumvan

bovenste groeischijf (schacht: PIN 4353-552)

vaneenjaarlingkalf, onderzijde; 5 = PIN

4353-419,drie tot vier jaar oud kalf,

voorzijde; 6 = PIN 4353-48, zes tot zevenjaar
oud jong dier, achterzijde; 7 = idem,

onderste groeischijf, onderzijde; 8 = idem,

bovenste groeischijf, bovenzijde.

M. primigenius

Foto 24. Linker (5) en rechter (1-3,6-8)

dijbeenderenvan

vanKostionki 16, Voronezh (1-5) en

Sevsk, Bryansk (6-9), voorzijde, links (1,5,

7) en rechts (2,3,4,6,8,9). Maatstrepen 2

cm (1-8) en 5cm (9). 1 = ZIN 31740(7),
vrucht vantwaalf tot zestien maanden; 2 =

ZIN 34419(16), vrucht van zestien tot

negentien maanden;3 = ZIN 31740(9),
vrucht gedurendelaatste stadium van de

dracht of pasgeboren; 4 = ZIN 31740(8),

jaarling kalf; 5 = ZIN 31744(6), kalf van

vier jaar oud; 6 = PIN 4353-2703,

pasgeborenkalf vaneentot twee weken

oud (met spaakbeen); 7 = PIN 4353-1709,

jaarling kalf; 8 = PIN 4353-873,kalf van

drie tot vier jaar oud; 9 = PIN 4353-625,

jong dier vanzes tot zevenjaar oud.

M. primigenius

Foto 25. Scheenbeenderen vanongeboren
vruchten enkalveren van

M. primigenius kalveren van

Kostionki 1, Voronezh (1,3,4; maatstreep 2

cm) en van Sevsk, Bryansk (2; maatstreep

10 cm), voorzijde. 1 = ZIN 31740(6), rechter

dijbeenvan eenongeboren vrucht van

16-18 weken; 2 =PIN 4353-2698,linker

dijbeenvaneenkalf van 1-2 weken oud; 3 =

ZIN 34419(12), linker dijbeenvan eenkalf

van ongeveer eenmaand oud; 4 = ZIN

34419(11), linker dijbeenvaneenkalf van

ongeveer 1,5 jaar oud.

Foto 23. Dijbeenderen vanongeboren en

jonge

M. primigenius from Kostionki 1, Voronezh

region (1, 3, 4; scale bar 2cm) and from

Sevsk, Bryansk region (2; scale bar 10 cm),
anterior surface. 1 = ZIN 31740(6), right
femur of a foetus of 16-18 weeks; 2 = PIN

4353-2698,left femur of acalf of 1-2 weeks;

3 = ZIN 34419(12), left femur of calf of

approx. onemonth; 4 = ZIN 34419(11), left

femur of a calf of approx. 1.5 years.

M. primigenius of different ages from

Sevsk, Bryansk region. Scale bar 2 cm (4,5,

7,8), 5cm (1,2,3) and 10 cm (6). 1 = PIN

4353-2792,adult individual (probably male)
of over forty years of age, posterior view; 2 =

PIN 4353-2795,adult female ofover

thirty-five years of age, posterior view; 3 =

PIN 4353-552,calf of one year old, anterior

view; 4 = PIN 4353-333,medial ossification

center of proximal epiphysis (shaft: PIN

4353-552) of a calf of oneyear old, distal

view; 5 = PIN 4353-419,calf of 3-4 years,

anterior view; 6 = PIN 4353-48, individual of

6-7 years, posterior view; 7 = same, distal

epiphysis, distal view; 8 = same, proximal

epiphysis, proximal view.

M. primigenius from Kostionki 16,

Voronezh region (1-5) and Sevsk, Bryansk

region (6-9), anterior surface, left (1,5,7)
and right (2,3,4,6,8,9). Scale bars: 2cm

(1-8) and 5 cm (9). 1 = ZIN 31740(7), foetus

of 12-16 months; 2 = ZIN 34419(16), foetus

of 16-19 months; 3 = ZIN 31740(9), foetus

ofthe last prenatal stage or a newborn; 4 =

ZIN 31740(8), one-year-old calf; 5 = ZIN

31744(6), four-years-old calf; 6 = PIN

4353-2703, newborn of 1-2 weeks (with

radius); 7 = PIN 4353-1709,one-year-old

calf; 8 = PIN 4353-873,calf of 3-4 years; 9 =

PIN 4353-625,calf of 6-7 years.

Photo 23. Femora of foetuses and calves of Photo 24. Left (5) and right (1-3, 6-8) femora

of

Photo 25. Tibias offoetuses and calves of



110

GIN 29071, Kobyakova
Balka, Aksaisk, Rostov. 1 = kauwvlakte; 2 =

tongzijde. Maatstreep 1 cm.

Archidiskodon gromovi,

Foto 28. Tweede generatiekies dp3 van

GIN 300/124, Chapry, Rostov. 1 = tongzijde; 2 =

kauwvlakte. Maatstreep 1 cm.

Archidiskodon

gromovi,

Foto 27. Tweede generatiekies dp3 van

GIN 29071, Kobyakova
Balka locality, Aksaisk, Rostov region. 1 =

masticatory surface; 2 = lingual view. Scale

bar: 1 cm.

Archidiskodon gromovi,

Photo 28. Second generation tooth dp3 of

GIN 300/124, Chapry locality, Rostov region. 1 =

lingual view; 2 = masticatory surface. Scale bar: 1 cm.

Archidiskodon

gromovi,

Photo 27. Second generation tooth dp3 of

Archidiskodon gromovi,Foto 26. Eerste generatiekies dp2van GIN 300/13,

Chapry, Rostov. 1 = wangzijde; 2 = tongzijde; 3 = kauwvlakte; 4 =

voorzijde; 5 =achterzijde. Maatstreep 1 cm.

Archidiskodon gromovi,Photo 26. First generationtooth dp2 of GIN 300/13,

Chapry locality, Rostov region. 1 = buccal view; 2 = lingual view; 3 =

masticatory surface; 4 = medial view; 5 = distal view. Scale bar: 1 cm.
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trogontherii) uit Sorghel (1903: tabel 1, fig.

10) en Adam (1988: 20, fig. 5) resp.;

kauwvlakte (1,3-5) of wangzijde (2).

Maatstreep 2 cm. 1 = ZIN 31216, linker M3,

Morskaya, Rostov; 2 =GIN 270/10, rechter

M3, Liventsovsky groeve, Rostov; 3 = ZIN

31217, linker M3, zelfde vindplaats als (4); 4

= rechter M3, Mauer,Duitsland; 5 = rechter

M3, Pasipler, Erzerum, Turkije.

uit

Garutt & Baigusheva (1981), 4 and 5 (M.

(Archidiskodon gromovi)

Foto 30. Tweede generatiekies M3 van

olifanten vanhet Plioceen en Pleistoceen

van Eurazië: 1-3

Kolkotova Balka, Tiraspol,
Moldavië (Dubrovo, 1981). 1 = TPI, rechter

M3, kauwvlakte; 2 = idem,wangzijde; 3 = OPS

1641, linker M
³,
kauwvlakte; 4 = idem,

wangzijde. Maatstreep 5 cm.

GIN30012,

Liventovsky groeve, Rostov. 1 =

kauwvlakte; 2= tongzijde. Maatstreep 1

cm.

Foto 31. Tweede generatie kies M3 vanM.

trogontherii,

Ar-

chidiskodon gromovi,

Foto 29. Derde generatiekies dp4 van

M. trogontherii) from Sorghel

(1903: table 1, fig. 10) and Adam (1988: 20,

fig. 5) resp.; masticatory surface (1, 3-5),
buccal view (2). Scale bar: 2 cm. 1 = ZIN

31216, left M3, Morskaya locality, Rostov

region; 2 = GIN 270/10, right M3,

Liventsovsky quarry, Rostov region; 3 =

ZIN 31217, left M3, same locality as (4); 4 =

rightM3, Mauer locality, Germany; 5 =

right M3, Pasipler locality, Erzerum,

Turkey.

from Garutt & Baigusheva (1981),
4 and 5

Archidiskodon

gromovi)

GIN 30012,

Liventovsky quarry, Rostov region. 1 =

masticatory surface; 2 = lingual view.

Scale bar: 1 cm.

Archidiskodon gromovi, from Kolkotova Balka locality,

Tiraspol, Moldavia (Dubrovo, 1981). 1 = TPI,

right M3, masticatory surface; 2 = same, buccal

view; 3 = OPS 1641, left M
³, masticatory

surface; 4 = same, buccal view. Scale bar: 5 cm.

Photo 29. Third generation tooth dp4 of Photo 30. Second generation teeth M3 of

elephants from the Pliocene and

Pleistocene of Eurasia: 1-3 (

M.

trogontherii

Photo 31. Second generationteeth M3 of
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Foto 35. Resten van uit Sevsk,

Bryansk; alle vanvorengezien. 1 = PIN

4353-1495, linker scheenbeen vaneenbijna
volwassen dier, waarschijnlijk eenstier, met

nog niet vergroeide groeischijven; 2 = PIN

4353-1240,linker scheenbeen vaneen vrij klei-

ne volwassen koe, ouder dan vijfendertig jaar,
met volledig vergroeide groeischijven; 3 = PIN

4353-1709,rechter scheenbeen vaneen jaarling

kalf; 4 = PIN 4353-400, geperforeerd
doornuitsteeksel van eenborstwervel van een

anderhalfjaar oud kalf; 5 = PIN 4353-51, idem,

vaneenjong dier vanzes tot zevenjaar oud.

M. primigenius

Foto 33. Gemonteerde skeletten van M.

primigenius uit Sevsk, Bryansk. 1 =kalf van

drie tot vier jaar oud; 2 = jong dier van zes

tot zevenjaar oud. Voor nummers, zie

Engelstalig onderschrift. Maatstreep 10cm.

Foto 32. Gemonteerde skeletten van M.

primigenius kalveren uit Sevsk, Bryansk. 1 =

pasgeborenkalf vaneen tot twee weken

oud; 2 = een jaarling kalf. Voor nummers,

zie Engelstaligonderschrift. Maatstreep 10

cm.

from

Sevsk, Bryansk region. 1 = PIN 4353-1495, left

tibia of a subadult individual (proposedly,

male) with unfused epiphyses, front view; 2 =

PIN 4353-1240,left tibia of an adult small-sized

female of over 35 years, with completely fused

epiphyses, front view; 3 = PIN 4353-1709, right
tibia of a calf of one-year old, dorsal view; 4 =

PIN 4353-400,perforated dorsal spine ofa

thoracic vertebra of a calf of 1.5 years, dorsal

view; 5 = PIN 4353-51, same,
of an individual

of 6-7 years.

Photo 32. Mounted skeletons of M.

primigenius calves from Sevsk, Bryansk

region. 1 = newborn of one to two weeks

old, PIN 4353-2614 to -2717; 2 = a one-year

old calf, PIN 4353-211 to-217, -507, -570 to

-573, -709 to -716, -810, -817, -873 to-880,

-884 to -887, -894 to -907, -922 to -965. Scale

bar: 10 cm.

Photo 33. Mounted skeletons of M.

primigenius from Sevsk, Bryansk region. 1 =

a calf of 3-4 years, PIN 4353-447 to -585; 2 =

anindividual of 6-7 years, PIN 4353-14, -55,

-110, -119, -121, -122, -139, -147, -248 to -257,

-260, -283, -340, -356, -370 to -372, -384, -386

to -391, -605, -610 to -623, -633, -634, -639 to

-647, -649, -651, -652, -661, -663, -664, -670,

-678, -690, -732 to -735, -751, -752, -768, -776,

-799, -909, -990 to -994, -1061, -1062, -1071,

-1076, -1325. Scale bar: 10 cm.

Photo 35. Remains of M. primigenius
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primigetiius. Maatstreep 1 m.

3 = M.M. trogontherii;2 =Archidiskodon;

Foto 36. Een reconstructie van de evolutie

mammoetachtige olifanten (Garutt, 1987). 1 =

primigenius. Scale bar: 1 m.

3 = M.M. trogontherii;2 =Archidiskodon;

Photo 36. A reconstruction of the

mammoth-like elephant lineage (Garutt, 1987).
1 =

Foto 34. Gemonteerde,incomplete skeletten van uit Sevsk,

Bryansk. 1 = vrouwtje van zestien tot zeventien jaar oud; 2 = volwassen

dier, waarschijnlijk mannelijk. Voor nummers zie Engelstalig onderschrift

M. primigenius

Photo 34. Mounted,incomplete skeletons of from Sevsk,

Bryansk region. 1 = female of 16-17 years; 2 = an adult,proposedly male.

Numbers of specimen 1 are: PIN 4353-4, -5, -8, -9, -24, -34, -39, -52, -54, -56,

-60, -61, -86, 43531-02, 43531-19,-20, -23 to -27, -31, -32, -39, -42, -92,

43532-21, -27, -42, -44, -45, -47, -48, -50, -51, -65, -68, -75, -80, -86, -70, -90,

43533-16,-27, -32, -67, -68, -74, -75, 43534-04, -12, -13, -16, -17, -19, -27, -29,

-30, -36, 43535-87,-93, 4353601, 43537-10,-24, -37, -72, -82, -84, -93, -94,

43538-08,-12, -22, -27 to -29, -32, -51, -57, -58, -61, -62, 43539-69, -84, -85, -96,

435310-04 to -06, -09, -12, -13, -20, -23, -45, -60, -63, -68, -77, -79, -86, -95,

435311-39,-71, -75, 435312-22, -27, -52, -55, -98, 435314-53,-54, -62, -69,

435315-55,-56, -99 to-435316-01, -34, -70, -74, -98, 435317-54, -57, -77, -82,

435318-59,-62, 435319-35,-41, -58, -89, -92, -95 to -98, 435320-00 to-02, -31,

-85, -86, -91, 435321-50, -67, -76, -97, -98, 435323-31,435324-48, -72, -75,

4353-2611,-2821, -2939, 435330-10,-27, -52, -69, 435331-18, -21, -37, -56, -71,

-72, -76, 435332-30,-35, -36, 435333-59, -63, -72, -43, 435335-68,-73. Numbers

of specimen 2 are: PIN 4353-314,-704, -728, -977, 435310-03,-15, -82,

435311-13 to -17, -19 to -21, -30, -37, -38, -51, -57, -68 to -70, -72,435312-11,

-54, -57, -59, 435313-37, -52, -67, -91,435314-13, -20, 435315-30,-35, -37, -84,

435316-02,-20 to -22, -33, -41, -44, -47, -49, -51, -52, -59, -60, 435317-24,-94,

435318-66 to -68, -91, 435319-85 to -87, -99, 435320-28, -34, -38, -46, -50, -84,

435321-37,-49, -54, 435323-02, -03, -21, -34, -91, -93, 435325-08, -09, -10, -67,

-89, 435327-27, -36, -43, -44, -45, -85, 435328-20, -25 to -30, -35, -36, -38 to -40,

-55, -78, -89, -92, -99 to 435329-11,-38, -56, 435330-11,-12, -15, -24, -28, -46,

-49, -53, -54, -81, -84, -86, -91, 435331-08,-12, -94, -435332-46 to -48, -50 to -52,

-65, -66, 435333-36,-39, -40, -61, -64, -71, -75, 435334-01, -02, -07, -08, -44,

435335-01,-37, -45, -59, -65, -66, -70, 43533-689, -837.

M. primigenius
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