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Myotragus balearicus BATE, 1909 is a fossil dwarf bovid endemic to the Gymnesic Islands (Mallorca,
Menorca and surrounding islets, Western Mediterranean Sea); it became extinct more than 4,000 years
ago. Its neonate body dimensions have been studied comparing them with some extant neonate bovids.
The small size of the adult specimens (shoulder height about 45-50 c¢m) is one of the most peculiar
features displayed by Myotragus balearicus. From the identified neonate leg bones coming from three
caves of Mallorca (Cova des Moro, Cova Estreta and Cova de Son Maiol) and one cave of Menorca
(Cova C-2), an estimated shoulder height of 18 cm has been obtained for the Late Pleistocene neonate
Myotragus.The difference in length of the bones of Pleistocene and Holocene Myotragus, being slight-
ly more than 20 % shorter the latter, gives a shoulder height of 15 cm for Holocene neonates. The neo-
nate Myotragus height was less than half the mother’s shoulder height. This proportion differs sub-
stantially from the recorded ratio for the extant bovids. An estimated weight of 700-900 g for Late
Pleistocene Myotragus balearicus neonates have been approached from similar body sized mammals.
The small ratio (about 2%) between neonate and adult weight in Myotragus balearicus agrees with a
suiform pattern, in a clear contrast to the typical ruminant pattern (where neonate weight is usually >
4%). Our estimate of the neonate size has been checked through the study of the dimensions of the birth
canal in adult females.
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INTRODUCTION

Information regarding the physical characte-
ristics of neonate artiodactyls is scarce (e.g.,
Altman & Dittmer 1962, Eisenberg 1981,
Verme 1985, Pohlmeyer 1985, Lochmiller et
al 1987, Braza et al. 1988, Saether &
Gordon 1994). This lack of information is
particularly acute for extinct artiodactyls. To
our knowledge, the only available data on
neonate extinct artiodactyls are the descrip-
tion of a few neonatal bones of Megacers
cazioti from Sardinia (Klein Hofmeijer 1996)
and the description of two jaws of Myotragus
balearicus (Waldren 1982, Bover & Alcover
in press). There is no complete or general
description of the neonate skeleton for any
extinct artiodactyl.

The aim of this paper, written to commemo-
rate the 65th birthday of Dr Paul Sondaar, is
to present an approach to the physical charac-
teristics of Myotragus balearicus BATE, 1909,
at birth. This species is a very peculiar rumi-
nant that lived in the Gymnesic Islands
(Mallorca, Menorca, Cabrera and Sa
Dragonera) until the arrival of humans
(Alcover et al. 1981). M. balearicus displays
a considerable amount of highly derived
characters that have been interpreted as adap-
tations to the insular environments (Sondaar
1977, Alcover et al. 1981). Some knowledge
about its general morphology comes from
Andrews (1915), Adrover & Angel (1967)
and Spoor (1988). It is one of the smallest
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known Caprinae, at least in terms of body
height. According to recent reconstruction, it
reached approximately 45-50 cm at the shoul-
der in adult specimens (A in Table 1)
(Quetglas & Bover, in press). However, we
have obtained one skeleton, coming from the
late Pleistocene of Cova des Moro, and
belonging to an adult specimen, that reaches
only about 22 cm of shoulder height. Other
body size estimates were obtained by
Andrews (1915) from the skeleton at the
Natural History Museum of London and by
Moya-Sola (pers. comm.) from the skeleton
at the Museu de Paleontologia ‘M. Crusafont’
of Sabadell (B and C, Table 1). The adult
weight, as estimated by different authors,
varies between 6 kg (minimum estimate pro-
vided by Waldren 1982) and 60 kg (maxi-
mum estimate provided by Kohler 1993) or
even 70 kg (Alcover et al. in press). The
minimum adult weight estimation of Waldren
(1982) can be rejected, because it is clearly
unfeasible. Spoor (1988) calculated that the
weight of adults was between 30 and 40 kg
for specimens of Wiirmian age (last ice age),
whereas the Holocene specimens weighed
between 20 and 30 kg. Alcover ef al. (in
press), from the length and diameter of long
bones (Scott 1983), assign a weight to adult
specimens of Myotragus balearicus (from
difRrent geological periods) between 13 and
20 kg for the smallest adult specimen known
and between 50 and 70 kg for the normal
sized late Pleistocene specimens.

METHODS

A research protocol has been developed to
establish the general physiognomy of neonate
Myotragus balearicus. Firstly, we studied
neonate skeletons of several caprines (see the
chapter of comparison material). We used the
work by Benzie (1950), Smith (1956),
Ratjova (1971, 1972a and b, 1973), Ratjova
& Popesko (1971) and Péhlmeyer (1985),
together with the direct study of neonate and
juvenile bones of chamois, sheep, goats and
mountain goats. The papers by Smith (1956)
and Pohlmeyer (1985) allow us to establish
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an upper size limit for the bones possibly
belonging to neonates. It also allows to esti-
mate the maximum age of bones whose ossi-
fication centres have not yet experienced
their sequential fusions. The papers by
Benzie (1950), Ratjova (1971, 1972a and b,
1973) and Ratjova & Popesko (1971) allow
to establish a lower size limit for bones
susceptible to belonging to neonates and to
identify foetal bones. Thus, as a first appro-
ach we can establish a range of morphologies
and sizes embracing the neonate condition,
but including also some developed foetal
bones as well as some up to 3-8 months old.
We identified all the Myotragus balearicus
bones that fall within this range. However,
these criteria are rather inaccurate, so addi-
tional diagnostic characters of the neonate
condition must be established for each bone.

Diagnostic characters, unrelated to size, of
bone development at the time of birth have
been identified through the comparison of
material from living neonate ruminants (e.g.,
the bones of the neonate sheep illustrated at
Figure 1). These characters are unrelated to
size and were checked for each particular
bone in all the comparison material, identi-
fying the shared characters to all available
neonate artiodactyls. To diagnose the
Mpyotragus balearicus neonate bones, we

Table | Measurements (in cm) of Myotragus balearicus moun-
ted skeletons: A -mounted skeleton from Cova Estreta,
Mallorca (Quetglas & Bover in press); B - mounted skeleton
in the exhibition of the Natural History Museum, London
(Andrews 1915); € - mounted skeleton in the exhibition of
the Museu de Paleontologia ‘M. Crusafont’, Sabadell (data
from Moya-Sola, pers.comm.).

A B C
Greatesi length 2310 230 "7
Shoulder height 47.5 43.0 50
Height to top of homs 49.9 63.0 59
Heght to top of seapuia A2 445 47
Height to top of pelvis 372 43.0 49
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Figure | Neonate bones of Ovis aries MNIB 60093. The different ossification centres are clearly visible. A: Scapula, with

two conspicuous ossification centres. B: Humerus, with six ossification centres. €: Ulna, with two conspicuous ossification
centres, being the processus styloideus ulnae still cartilaginous (absent in the picture). D: Radius, with three ossification
centres. E: Metacarpal os canon, with three ossification centres. F: Pelvis, with three ossification centres. G: Femur, with
five ossification centres. H: Tibia, with four ossification centres. I: Metatarsal os canon, with three ossification centres.
Scale: 20 mm.
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used only those shared features that characte-
rise the neonate stage in all the living species
studied. We also used as comparative material
the skeletons of 2-4 months old goats Capra
hircus and mountain goats Oreamnos ameri -
canus. These skeletons allowed the establish-
ment of an accurate limit for bone develop-
ment. All bones of Myotragus balearicus dis-
playing a more advanced stage of develop-
ment than these 2-4 months aged skeletons
were immediately deleted from the pool of
possible neonates.

In a second stage, we carried out a detailed
survey of the Myotragus balearicus bones
exhibiting features characteristic of living
neonate artiodactyls. We studied all the bones
coming from the following sites: Cova
Estreta, Cova des Moro, and Cova de Son
Maiol in Mallorca, and Cova C-2 in Menorca.
As no assembled neonate skeleton of
Myotragus balearicus has been discovered
until now, the diagnostic characters had to be
checked for each bone. The heterochronic
processes involved in Myotragus evolution
(Bover & Alcover in press) introduce some
uncertainties in our methods. In order to cir-
cumvent this source of error, fitting the arti-
culations of anatomically adjacent bones tes-
ted the estimated age for each bone. In this
way, a reasonable identification of the birth
state was reached for long bones. The identi-
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fied neonate long bones of Myotragus bale -
aricus (see Appendix) have been individually
measured (Fig. 4, Table 5). Later, we put
these identified neonate bones in their anato-
mical upright resting position. The results of
this procedure were used to estimate the live
body parameters of neonate Myotragus bale -
aricus. A complementary approach consisted
in the identification of juvenile bones belon-
ging to specimens several months old. The
identification of these bones also contributed
to establish an upper size limit for the bones
of neonate specimens.

Finally, we checked the identification of the
neonate bones using two external approaches.
Firstly, we studied the pelvis size and shape
in the adult Myotragus balearicus females.
The foetus must pass through the pelvic cavi-
ty to become a neonate. In consequence, the
size of the pelvic birth canal must be related
to the maximum possible size for the foetus
to be a neonate. Secondly, we estimated the
position relative to the ground of the
Mpyotragus udder. If juveniles sucked in an
upright position, as is usual in bovids, their
shoulder height must have been high enough
to allow the mouth to reach the mammary
glands. This second external approach is
admittedly weak, and has been considered
only as a rough estimate.

Table 2 Cranial measurements of recent caprine neonates (in mm).

Species

Chisaries  MNIB 62093
Ohisaries MNKNIB 620494
Ovis aries MNIB 60097
Capra hircus MNI3 60088
Capra hrcus MNI3 60089

Capra kireus NMNIZ 60090
Rupicapra mrenaiza MNIB 60091

Condilobasal Skull Braincase Zygomatic
length height  width width
110.9 46.6 516 554
117.1 46.3 53.5 60.7
108.3 48.3 53.6 596
3.0 454 51.5 50.7

519 558
56.6 55.5
20.1 4.6 47.6 481
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MATERIAL

The studied Myotragus balearicus materials
come from three caves of Mallorca [Cova
Estreta and Cova des Moro (Late Pleistocene
and Holocene) and Cova de Son Maiol (Late
Pleistocene)] and one in Menorca [Cova C-2
(Late Pleistocene)]. After the first selection of
juvenile bones (without fused epiphyses for
the long bones, without teeth wear for denta-
ries, and without horn development in skulls),
only a few of them have been identified as
belonging to neonates. The list of identified
neonate bones is presented in the Appendix.
The acronyms of the collections where the
materials studied at this work are curated, are
as following:

AMNH American Museum of Natural
History

Museu de la Naturalesa de les Illes
Balears.

MNIB

COMPARATIVE MATERIAL

Ovis aries (2 complete neonate skeletons, 0-2
days, MNIB 60093, 60094, 1 neonate skull
and dentaries, 2 days, MNIB 60097), Capra
hircus (3 incomplete skeletons of neonates
probably belonging to the same unfeasible
birth, MNIB 60088 - 60090; 1 incomplete
skeleton aged 2-3 months old, MNIB 60096),
Rupicapra pyrenaica (2 advanced foetal ske-
letons, MNIB 60091 - 60092), Oreamnos
americanus (AMNH 128107, 1 skeleton aged
3-4 months old).

ESTABLISHMENT OF BONE STAGE
DEVELOPMENT AT THE BIRTH

Jaw

At birth all the dissected fresh specimens of
neonate artiodactyls present the teeth unerup-
ted. Deciduous molars and incisors are both
osteologically erupted (i.e., the teeth have
emerged from bone), but actually they are not
physiologically erupted, because they still
remain under an epithelium layer.
Consequently, the neonate cheek teeth and
incisors are completely unworn. The fresh
eruption of the teeth occurs during the first

days after birth. It is only after this eruption
when the teeth wear starts. For fossil speci-
mens, tooth eruption refers always to teeth,
which have emerged from bone, because the
physiological definition is not useful. The
unworn condition of the osteologically erup-
ted cheek teeth and incisors is probably the
best criterion to establish the birth age condi-
tion for a fossil jaw.

Bover & Alcover (in press, figure 3) identi-
fied a Myotragus balearicus jaw (MNIB
39318) that is considered to represent either
the end of the foetal stage or a neonate. It has
two incisiform teeth, the first one being wide
and hypsodont, almost non-emerged, and the
second one is smaller and is located at the
back and above the former. The specimen has
jugal teeth characteristic of dentary cheek
teeth stage 1 of Bover & Alcover (in press),
i.e., only dp3 and dp4 erupted (Fig. 6A). The
mandibular length of this specimen is 53.1
mm. Waldren (1982) illustrated another spe-
cimen (SM-MO2-E-400) showing roughly the
same dental development (with two incisi-
form teeth and dp3 and dp4). This specimen
too can be considered to represent either the
end of the foetal development or a neonate.
Currently, this specimen is not in the paleon-
tological collection of the Museu de Deia and
it has not been available for this study. From
the photograph presented by Waldren (1982),
its estimated mandibular length is 47.6 mm.
It is important to consider here that both den-
taries are from the Late Pleistocene, therefore
predating the Holocene period. The specimen
from Cova de Moleta comes from a level
with an estimate age of 23,400 yBP (Waldren
1982). The specimen of Cova de Son Maiol
belongs to a population whose estimate geo-
logical age precedes the resolution power of
the C14 method (P.Y. Sondaar, pers. comm.).
The specimens of these populations are signi-
ficantly at least 20 % bigger in size, in linear
measurements, than those from the Holocene
populations (Hamilton 1984, Marcus 1998).
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Figure 2 Neonate skull of Ovis aries MNIB 60093. A Lateral view. B Dorsal view. CBL Condilobasal length. SH Skull
height. BB Braincase width. ZB Zygomatic width. Scale: 20 mm.

Skull

At the birth stage, all the artiodactyls consi-
dered lack horn cores on the skull. Even the
neonate males of species with only horned
males do not have any bone structure prece-
ding adult horn cores. Neonate male sheep,
goats or chamoises are absolutely hornless.
The skull structure in neonate artiodactyls
shows some clear morphological patterns.

The braincase is always very round (see
Figure 2). The measurements of the neonate
skulls (Table 2), allow us to calculate that the
height of the skull is about 45 % of the con-
dylobasal length (range: 50 % in Rupicapra
pyrenaica to 42 % in Ovis aries) and 89 % of
the width of the braincase (range: 93 % in
Rupicapra pyrenaica to 87 % in Ovis aries).
No complete neonate skulls of Myotragus
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Figure 3 Mlyotragus balearicus frontal bones in frontal view. Right, distal part; left, proximal part. A° MNIB 59452, a seve ral months

old specimen. B MNIB 41107, neonate specimen. € MNIB 41057, neonate specimen. Scale: 20 mm.
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Figure 4 Long bone measurements of neonate Myotragus balearicus HL Humerus length. RL Radius length. McL Metacarpal
length. F Femur length. T Tibia length. MtL Metatarsl length. Scale: 20 mm.

balearicus are known, as expected from the
unfused condition of the skull bones in other
neonate artiodactyls. The preservation of the
skull bones of neonates is highly unlikely. The
bones are very fragile, as are those from young
Mpyotragus specimens. Only in recent excava-
tions the juvenile bones of the skull have been
collected and identified. We identified only
two frontal bones that can belong to neonates
(MNIB 41057, 41107; Fig. 3). Both lack horn
structures. Assuming that the relation between
the width of the frontals and the zygomatic
width is similar to that of the neonate skulls

available (Frontal width / Zygomatic width x
100 = 95), from these specimens (coming both
from Cova C-2) we can establish that in Late
Pleistocene neonate Myotragus balearicus the
zygomatic width was about 41.0 mm.

There is a small sample of frontals with very
small horn cores (e.g., specimen MNIB 59452,
Fig. 3). They are attributed to very young
Mpyotragus balearicus, some months aged, and
not to neonates. These specimens are useful for
establishing an upper size limit for neonates.
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Humerus

Pohlmeyer (1985) established that in Dama
dama at birth the humerus consists of six
ossification centres. The same applies to Ovis
aries (Smith 1956, see also our Figure 1), to
Capra hircus (Dhingra & Tyagi 1970), to Bos
taurus (Sisson & Grossman 1982) and so pro-
bably this is the rule for bovids. The main
ossification centre is the corpus humeri (dia-
physis). There are also two proximal centres,
the caput humerus and the tuberculum majus,
and three distal centres, the condylus humeri,
and two epicondyles. The epicondylus latera -
lis and the condylus humeri are fused to the
diaphysis at 4 months in Dama dama. Until
18 months in the Dama dama, and 4-11
months in Ovis aries and 6-11 months in
Capra hircus there is no fusion between the
diaphysis and the distal condyles. Humeri
without fused epicondylus lateralis and con -
dylus humeri are assumed to be of individuals
aged less than 11 months (the maximum age
for a such fusion in Ovis aries and Capra hir -
cus). At least 51 (33 right, 18 left) specimens
from the studied material belong to this cate-
gory. Consequently, this criterion is not actu-
ally very accurate to establish neonatal char-
acter.

After the study of all the available neonates
of the comparison material, we can establish
a new criterion. In all the neonates studied,
the proximal and distal surfaces of the dia-
physis present a characteristic shape.
Proximal surface consists of two concavities.
The surface of these concavities is smooth
(not wrinkled) and it contains a lot of irregu-
larly disposed porosities with a diameter of
over 100 pm. These porosities are visible on
the proximal and distal surfaces of the dia-
physis of all the neonate long bones (see
SEM image in Figure 5A), but they disappear
after some bone growth. A specimen of

Figure 5 A SEM image of the proximal surface of the tibia diaphysis of a neonate Ovis aries MNIB 60093. White arrows indicate
the large porosities (diameter over 100 y m) observed in neonate bones. B SEM image of the proximal surface of the tibia dia-
physis of a 3 month old Capra hircus, MNIB 60096.The large porosities are inconspicuous. € SEM image of the proximal surface of
the radius diaphysis of neonate Myotragus balearicus, MNIB 41 | | 3. Arrows indicate the large porosities observed in neonate bones.
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Capra hircus with an estimated age of about
2-3 months (MNIB 60096) presents these sur-
faces very wrinkled, without such porosities
(see SEM image in Figure 5B). The specimen
of Oreamnos americanus AMNH 128107,
with an estimated age of 3-4 months, has the
surfaces of the proximal and distal ends of
the epiphysis displaying an intermediate pat-
tern: they conserve on several points the
smooth porosal surface combined with other
points with a wrinkled surface without poro-
sities. The significance of these porosities is
unknown for us. Probably it is related with
the important early growth of the bones of
the juvenile bovids, with a very quick osteo-
genesis.

Radius

There are three ossification centres in the
radius (Fig. 1). The main one is the corpus
radii (diaphysis). The other two are the caput
radii and the trochlea radii. Until 6-7 months
in Dama dama there is no fusion between the
caput radii and the diaphysis (P6hlmeyer
1985). In Ovis aries the fusion between the
caput radii and the diaphysis start over 4
months (Smith 1956). For a more accurate
diagnosis of the neonate bones, we used the
same criterion as in humeral distal and proxi-
mal diaphysis surfaces. Both surfaces are
smooth and with characteristic porosities in
all the neonate specimens. By contrast, the
Capra hircus MNIB 60096 presents both sur-
faces highly wrinkled. In Oreamnos america -
nus AMNH 128107 these surfaces are shaped
similarly as those in MNIB 60096.

Ulna

Like in radius, there are three ossification
centres in the ulna in Dama dama (P6hlmeyer
1985) and in Ovis aries (Fig. 1). The main
one is the corpus ulnae (diaphysis). The other
two correspond to the tuber olecrani and the
processus styloideus ulnae. The fusion
between the different parts of the ulna is
delayed in comparison to the fusions recor-
ded in the radius. The tuber olecrani and the
diaphysis remain unfused until an age of 22
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months in Dama dama (Pohlmeyer 1985) and
21 months in Ovis aries (Smith 1956). In
Capra hircus, after Dhingra & Tyagi (1970),
the ulna has only two centres of ossification
at the birth, one for the olecranon and corpus
ulnae, and the other one for the tuberis ole -
crani,being the caput ulnae still cartilaginous
in the one-day old kid. The best diagnostic
criterion for neonate ulna consists in its size
concordance with the neonate radius. The
neonate ulna is a very fragile bone. We have
very few specimens of ulna that might belong
to very young Myotragus according to the
Pohlmeyer (1985) criteria. Nevertheless, their
size is too big to correspond to the neonate
radius, and consequently, their belonging to
neonates can be excluded.

Metacarpal os canon

The metacarpal os canon comes from the
fusion of metacarpals III and IV. This fusion
generally occurs at the end of the foetal
stage, but there are cases in which both
metacarpals remain unfused at the birth (e.g.,
Capra hircus, MNIB 60088/89/90). The
caput metacarpale (epiphysis distalis)
remains unfused to the body of the bone until
24 months in Dama dama, 15-36 months in
Ovis aries and 30-36 months in Capra hircus
(Smith 1956, Pohlmeyer 1985). Consequently,
this fusion cannot be considered as a good
criterion for ageing neonate bones. We consi-
der as neonate bones those metacarpal os
canon with a proximal breath similar to the
distal breadth of the radius.

Scapula

Ontogenetically, the scapula originates from
the fusion of three centres, the body of the
scapula, the tuberculum supraglenoideus and
the processus coracoideus. The latter two
become fused first, but we have no data on
the timing of this fusion. The literature about
this first fusion is unclear (e.g., Smith 1956,
Dhingra & Tyagi 1970, Pohlmeyer 1985). In
our material (Fig. 1), we only recorded two
ossification centres, the body of the scapula,
and another one probably representing the
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fusion of the tuberculum supraglenoideus and
processus coracoideus. The fusion of the
tuberculum supraglenoidale | processus cora -
coideus with the body of scapula occurs at an
age of 15 months in Dama dama, 4,5-9
months in Ovis aries, 11 months in Capra
hircus (Smith 1956, P6hlmeyer 1985), and 7-
10 months in Bos taurus (Sisson & Grossman
1982).

First phalanx (fo re limb)

In Ovis aries this bone has only a proximal
epiphysis which is fused before 10 months
(Smith 1956).

Second phalanx (fo re limb)

In Ovis aries this bone has only a proximal
epiphysis which is fused before 8§ months
(Smith 1956).

Femur

Smith (1956), Dhingra & Tyagi (1970) and
Pohlmeyer (1985) established that at the birth
the femur consists of five ossification centres
(Fig. 1). The main one is the corpus femoris
(diaphysis). There are also three proximal
centres, the trochanter major, the caput femo -
ris and the trochanter minor, and one distal
centre, the distal epiphysis (coming from the
intrauterine fusion of condylus medialis and
condylus lateralis). During the growth, all the
minor ossification centres are fused to the
diaphysis. The fusions occur in a relatively
advanced age. The trochanter major and the
diaphysis are fused at 18-24 months in Dama
dama, 11-19 months in Ovis aries and 36
months in Capra hircus (P6hlmeyer 1985)
and in Bos taurus (Sisson & Grossman 1994).
Like in the humerus, these criteria are not
very accurate for the diagnosis of neonate
femora. We used also the criterion of the
shape and porosity of the proximal and distal
surfaces of the corpus femoris. This criterion
applies to all the neonate femurs of the recent
comparative material we have, and it is not
present in the 2-3 months old specimen
MNIB 60096 of Capra hircus. The proximal
and distal surfaces of the Oreamnos america -

nus AMNH 128107 aged 3-4 months display
an intermediate condition.

Tibia

There are four ossification centres in the tibia
(Fig. 1). The main one is the corpus tibiae
(diaphysis). The other are the proximal epi-
physis, the tuberositas tibiae and the cochlea
tibiae. The fusion of these centres to the dia-
physis occurs in an advanced age. The coch -
lea tibiae and the diaphysis are fused at 18
months in Dama dama, 15-16 months in Ovis
aries and about 24 months in Capra hircus
(Smith 1956, Pohlmeyer 1985). Like in the
other long bones, these criteria are not very
accurate for the diagnosis of neonate tibias.
We used also the criterion of the shape and
porosity of the proximal and distal surfaces.
This criterion applies to the entire neonate
tibia we have (Fig. 5A), and it is not present
in the 2-3 months old specimen MNIB 60096
of Capra hircus (Fig. 5B). The proximal and
distal surfaces of the Oreamnos americanus
AMNH 128107 aged 3-4 months display an
intermediate condition.

Also, at birth the length of the corpus femoris
are, respectively, in Rupicapra, Ovis and
Capra about 74.9 % (n = 1), 68.5 % (n = 2)
and 72.7 % (n = 3) of the corpus tibiae
length. As the adult ratio between the lengths
of femur and tibia are 83 % in Myotragus, as
compared to a ratio of 80 % in Rupicapra
(n=2), 83 % in Capra (n = 1), 84 % in
Nemorhaedus (n = 1) and 86 % in Ovis (n =
4), we must expect that in neonate Myotragus
the femur length must be about 73 % of the
tibia length. The specimens identified as neo-
nates on the basis of the shape and porosity
of the epiphysarian surfaces are not in agree-
ment with this prediction, but they are smal-
ler (about 64 % in specimens coming from
the same deposit, Cova C-2). Probably these
figures indicate some peculiarities in the
development of Myotragus.

Metatarsal os canon
The metatarsal os canon comes from the
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Table 3 Adult and neonate body mass in selected artiodactyls. Sources: (1): Shaeter & Gordon (1994); (2): Eisenberg
(1981); (3):Verme (1985); (4): Bover & Alcower, this paper. Shaeter & Gordon (1994) use the adult weight of the female,

while data from Eisenberg (1981) do not specify the adult’s sex. All the weights are in grams.
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fusion of metacarpals III and IV. This fusion
generally occurs at the end of the foetal
stage. The caput metatarsale (epiphysis dista -
/e) remains unfused to the body of the bone
until 22 months in Dama dama, 15-24
months in Ovis aries and 24-36 months in
Capra hircus (Smith 1956, Pohlmeyer 1985).
This fusion cannot be considered as a good
criterion for ageing neonate bones. We consi-
der as neonate bones those metatarsal os
canon with a proximal breadth similar to the
distal breadth of the tibia.

Ossa coxae

The pelvis consists in three fused bones,
ilium, ischium and pubis. At birth, they are
unfused, being cartilaginous a great part of
the acetabular cavity (Fig. 1). The synostosis
in the acetabulum occurs at 12-15 months in
Dama dama, 9-11 months in Ovis aries, 14-
16 months in Capra hircus (P6hlmeyer 1985),
and 7-10 months in Bos taurus (Sisson &
Grossman 1994). Both left and right pelvis
remain unfused until about 3 years in Ovis
aries and Capra hircus and 8 years in Dama
dama (Pdhlmeyer 1985).

First phalanx (hind limb)

In Ovis aries this bone has only a proximal
epiphysis which is fused before 9 months
(Smith 1956).

Second phalanx (hind limb)

In Ovis aries this bone has only a proximal
epiphysis which is fused before 6 months
(Smith 1956).

WEIGHT AT BIRTH

Shaeter & Gordon (1994) furnish abundant
documentation on the artiodactyl neonate
weights. Other data on neonate weights are
available from Eisenberg (1981) and Verme
(1985). In Table 3 we present the adult and
neonate body mass of selected artiodactyls.
For living bovids, the neonate weight repre-
sents > 4% of the mother’s weight (probably
with the only exception of Ovibos moschatus,
a short legged and massive species, in which

the neonate weight is about 3.5 - 3.9% of the
mother’s weight; Eisenberg 1981, Shaeter &
Gordon 1994). The available data suggest
that a neonate weight >4% of the mother’s
weight seems to be a general rule for all the
ruminants. In contrast, for living suiforms,
the neonate weight is usually about <2% of
the mother’s weight.

SHOULDER HEIGHT AT BIRTH

The information about the height at the
shoulder of neonate artiodactyls is scarce and
scattered (e.g., Braza et al. 1988). We have
been unable to obtain global literature about
this question. As a way to circumvent such a
lack of information we analysed some publis-
hed photographs as well as some movies
(e.g., a movie on the reproduction of gnus).
As it is widely known, it is possible to define
two main groups of artiodactyls according the
height at the shoulder of neonates. In
Ruminantia, the height at the shoulder of neo-
nates usually is higher than half the mother’s
shoulder height, while in Suiformes it is
smaller than half the mother’s shoulder
height. The great shoulder height of the living
neonate ruminants is a direct consequence of
its long legs, and, more concrete, of the rela-
tive longer length of the autopodium.

RESULTS AND DISCUSSION

The existing data on bone growth in bovids
(Smith 1956, Dhingra & Tyagi 1970, Sisson
& Grossmann 1982, Péhlmeyer 1985) can be
applied to the understanding of the physical
characteristics of neonate Myotragus baleari -
cus. Nevertheless, we must be especially cau-
tious due to the existence of neotenic proces-
ses in Myotragus (Bover & Alcover in press).
One such neotenic process affected the evolu-
tion of the incisiform dentition of Myotragus.
Thus it is possible that heterochronic proces-
ses also affect other parts of the body. As in
the evolution of other species (e.g.,
McKinney 1998), Myotragus evolution could
have developed through a mosaic of altera-
tions.
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Figure 6 Dentaries in labial view of A neonate Myotragus baleaicus MNIB 39318, and B adult Oryctolagus cuniculus, MNIB 702.

Scale: 40 mm.
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Table 4 Pelvis measurements of adult Myotragus balearicus
females. MBCB Maximum birth canal breadth. mBCB
Minimum birth canal breadth. HBC Height of the birth canal.
PSL Pubic symphysis length. TL Total length. All the meas-
urements in mm. See figure 7. Cova C2: MNIB 40783, 40215-
8,4085! (numbers represent different fragments of the same
individual). Cova de Son Maiol: MNIB 39320. Cova Estreta:
MNIB 51553.

Measurement Cova CI Son Maiol CovaEstreta
MBCEB 49.5 51.4 53.0
mBCB 51.1 59.8 62.1
HEC 1.8 43.6 75
PSL 0.2 41.7 7.4

TL 122.0 159,06 130.8

To estimate the physical characteristics of
neonate Myotragus, our first approach comes
from the dentary. At birth, an epithelium
layer covers the teeth. Some teeth are osteo-
logically erupted, but they are still unused
and thus remain unworn. From our material,
only one specimen (MNIB 39318) represents
this stage. It belongs to a Myotragus baleari -

cus population (Cova de Son Maiol) from the
late Pleistocene, where relatively robust adult
specimens appear. Its length, 53.1 mm, is
roughly similar to the mandibular length of a
small rabbit (Fig. 6). Waldren (1982) illustra-
ted another specimen of a similar age,
coming from the lower levels of the Cova de
Moleta. This specimen has not been available
for study. Nevertheless, from the scale in the
published photograph we estimate its mandi-
bular length to be about 47.6 mm.

We have identified two frontals that surely
belong to neonate specimens (Fig. 3). They
have no sign of horns. The reconstruction of
the shape of the skull from these frontals fol-
lowing the general skull shape of neonate
chamoises, sheep and goats is highly consis-
tent with the size of the dentary MNIB
39318.

The identified long bones can be used to esta-
blish the shoulder height of Myotragus bale -
aricus. As with skull materials, to be consis-
tent, it is important to consider the strati-

Figure 7: Measurements of the birth canal in theMyotrgus balearicus pelvis. MBCB Maximum birth canal breadth. mBCB
Minimum birth canal width. HBC Height of the birth canal. PSL Pubic symphysis length. TL Total length.
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graphical age of these materials. At present we
know that the adult specimens from the most
recent Holocene level were at least 20 %
smaller in long bone length than specimens
from the late Pleistocene (e.g., Hamilton 1984,
Marcus 1998). From the small sample of iden-
tified neonate bones, it is clear than the
Holocene neonates were also smaller than the
late Pleistocene ones. This size reduction pro-
bably affected the neonates in the same pro-
portion as in the adult specimens, although we
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have not enough material to confirm this
point. Assuming that the temporal difference
in size among neonates was of the same order
as among adults, we can calculate from the
length of long bones that the late Pleistocene
Myotragus balearicus had a shoulder height at
birth near 180 mm, while the neonate
Holocene specimens reached only 150 mm.
These estimates of neonate size are in agree-
ment with the size of the birth canal in the
female pelvis (Figs. 7 and 8, Table 4).

Figure 8. A An artistic view created by Aina Bonner of aMyotrgus balearicus at birth, still inside its mother The fore legs are very

short and inconspicuous. B An artistic view of the first hours of the neonate Myotragus baleaicus. Observe the ratio between

the shoulder height of the mother and its kid.
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Table 5 Measurements of neonate long bones (in mm). ML Mandibuar length, from the mandibular condyle to the anterior
part of the mandibular symptysis. HL Length of the humerus diaphysis. RL Length of the radius diaphysis. McL Length of the
metacarpal diaphysis. FL Length of the femur diaphysis. TL Length of the tibia diaphysis. MtL Length of the metatarsal diaphysis.

Species ML HL Rl Mel FL TL ML
Chax aries B1.5 5% 1 A% &0 TuS 1038 83.2
n=3 a=x n=4 n=: n=2 n=4 n==:
TE.E BG Ol3-644 TIO 306 787 BLA 677 T2 1043 1039 BT BT
Tanra Mecus 653 EGT £3.0 408 633 £g.2 £33
m=2 n=3 n=3 n=73 n=3 u=3 =3
B33 -054 40-06L7 68 -o00b 4/E-33 oll-0vl  HIL2-939 Y- 35
Rumirnpra pureanira e 4 S0 H R0 il & fHiE % Cl1 63 6
no -1 n ] i=1 n=1 =1
Mhatragus balearicus 5.7 74 201 L7 495 233
(Late Plzistocene) =1 n=4 n=*: n=4 n=2 n=i
B4l - AN TRT-734 F100 374 187 251
MWOITAFIS DAfeIriciE 33 17.7 e 3583 2i.0
(Holocene) =13 n=] =2 n=1 n=i
B <340 WA 310 2258

In the adult females from the late Pleistocene
population of Cova de Son Maiol, this canal
was 52 x 44 mm, while in the adult females
from the Holocene populations of Cova
Estreta and Cova C-2, this canal was about
53 x 37 mm and 50 x 32 mm, respectively
(see Table 4). The estimated size of neonates
is about the maximum possible size to cross
the birth canal in the adult female pelvis (Fig.
8).

Usually, bovids have neonates that reach a
shoulder height taller than one half the moth-
er’s shoulders height. We concluded that the
shoulder height of neonate Myotragus bale -
aricus, was only about 30 % of the mother’s
(Fig. 8). This is an unexpected result of our
research, showing that in this respect
Myotragus balearicus was more similar to
suids (where shoulder height of neonates is
less than one half the mother’s shoulder
height) than to other bovids. Unfortunately,
no data are available on the shoulder height
of neonates of Ovibos moschatus, a short-leg-
ged bovid with neonates displaying a relati-
vely small weight.

Neonate bovids are usually characterised by
very long legs. The legs of neonate bovids
have a very long autopodium, proportionally
longer than in adults. The configuration of
the neonate legs in mainland bovids is consis-
tent with the precocial walking behaviour of
the bovid kids, generally associated to an
escape strategy from mammal predators. The
‘following’ behaviour of the young bovids is
in contrast to the hiding behaviour in diffe-
rent cervid fawns (e.g., Carl & Robbins
1988), but both behavioral patterns are consi-
dered as strategies for neonatal defence or
predator avoidance (Lent 1974). Myotragus
balearicus lived in an environment free of
terrestrial carnivores. Selective pressures
modelling neonatal behaviour must be consi-
dered taking this into account. Living in an
environment without mammalian carnivores,
the selective pressure for neonatal defence or
predator avoidance must have been irrelevant,
in contrast with the mainland bovids. In
Myotragus balearicus, the autopodium of
adults is highly reduced. This anatomical
feature has been related to the absence of
mammal predators (Sondaar 1977, Alcover
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et al. 1981). From our neonate materials, it
is clear that the shortening of the autopodium
in Myotragus balearicus represents an impor-
tant heterochronic change. The length of the
diaphysis of the metacarpal os canon in
Myotragus balearicus neonates only repre-
sents about 20 % of the limb length (estima-
ted as diaphysis femur length + diaphysis
tibia length + diaphysis metacarpal os canon
length). This proportion is considerably larger
in other caprines: 36.6 % in Ovis aries, 29.2
% in Capra hircus and 32.3 % in Rupicapra
rnupicapra.

Our estimate of shoulder height in Myotragus
balearicus neonates is consistent also with
the estimated height above the ground of the
mother’s udder. Whether the young
Mpyotragus balearicus sucked the mammary
glands while the mother was upright, as usual
in bovids, or while the mother lay on the
ground, as usual in pigs and dogs, remains
unknown.

The weight of neonate Myotragus balearicus
cannot be approached from the width and/or
length of the diaphyses of the long bones, the
usual way to estimate it in artiodactyls (Scott
1983, 1990). Scott’s formulae yield an esti-
mate with a very wide range, from 0.1 kg to
8 kg. In fact, the applicability of this appro-
ach is questionable even for extant neonate
artiodactyls, for which a great variability of
results was obtained. The known weight of a
male Rupicapra pyrenaica neonate is 2 kg.
The best approach to this weight from the
measurements of long bones and the use of
the Scott’s formulae comes from the femur
and tibia lengths. Scott (1983, 1994) suggests
the stylopodium bones as the most useful to
estimate artiodactyl weights. Thus, femur
length has been selected to estimate the
weight of the Myotragus balearicus neonates.
The length of the diaphysis of long bones of
the stylopodium and zygopodium of neonate
Rupicapra are about twice that of Myotragus
bones. For femur lengths, the use of Scott’s
formulae gives for the late Pleistocene
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Mpyotragus balearicus neonates a weight of
200-260 g. Nevertheless, these figures must
be considered clearly as underestimates of the
actual neonate weight, because Myotragus
bones are clearly, even in the neonate stage,
more robust than its counterparts in other
living artiodactyls. Thus, we consider that

the actual weight of neonate M. balearicus
must have been undoubtedly higher. Using
the Scott’s formula for suids, a weight of
about 330-440 g can be estimated from femur
lengths. In our opinion, even these figures are
underestimates, because the bones of neonate
Myotragus are even more robust than the
bones of a neonate pig. These estimates are
suggesting than the Myotragus balearicus
neonates weighted the same as an adult
brown rat (Rattus norvegicus), but neverthe-
less the size of their bones are clearly bigger.
The jaw of the upper Pleistocene neonate
Mpyotragus balearicus is roughly similar in
size to a rabbit (Oryctolagus cuniculus) (Fig. 6).
Also the long bones are of a roughly similar
length to those of a rabbit. An

estimated weight of 700-900 g can be
approached from our materials for the late
Pleistocene specimens while for Holocene
specimens the weight must have been less
than 500-600 g. Of course, the long bones of
Myotragus balearicus are more robust than
the corresponding rabbit bones, but the body
weight of a rabbit always includes the viscera
contents, while the weight of the neonate
Mpyotragus balearicus has been estimated
assuming that neonate has empty viscera.

This estimated weight represents probably
about 2 % of the mother’s weight. In this
respect, Myotragus balearicus was also unu-
sual. The neonate weight for ungulates is clo-
sely correlated with the mother’s weight
(Robbins & Robbins 1979, Saether & Gordon
1994; see Table 3). Usually, the neonate
weight for bovids is > 4 % of its mother’s
weight. This seems not to be the case for
Myotragus balearicus. In contrast with
ruminants, the Suina in general produce rela-
tively small offspring (Fradrich 1967). For
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some suids the weight of the neonate is less
than 2% of the mother’s weight. For example,
in Sus scrofa, Potamochoerus porcus and
Phacochoerus ethiopicus the ratio between
the weight of the neonate and that of its moth-
eris 1.6%, 2.0% and 1.3% respectively (see
Saether & Gordon 1994 and Table 3). The
weight of neonate Myotragus balearicus
relative to the mother’s weight was similar to
these figures. Whether this small size of
neonates was related to larger litter size, as is
the case in suids, is currently unknown.
Although litter size in ungulates is inversely
related to the relative neonate weight,
Myotragus balearicus may have also been an
exception to this rule.

It is also difficult to make an accurate estima-
te of the timing of intra-uterine development
and the gestation, another life history para-
meter usually correlated with neonate body
size. Myotragus balearicus could also repre-
sent an exception to this rule. A possible
reproductive strategy for Myotragus baleari -
cus can be suggested. This highly modified
insular species, that was surely a K-strategist,
lived in a stable environment with very poor
productivity. As a consequence, its metabolic
rates may have been very low. In this context,
its reproductive strategy may have involved
reduction in energy investment for reproduc-
tion. This could mean having the minimum
litter size (one calf per litter, exceptionally
two), a long intra-uterine growth at a very
slow growth rate, and a very small size of the
neonates. This scenario is currently only spe-
culative, but is in agreement with the current
knowledge of insular evolution.

The birth of Myotragus balearicus was pro-
bably different to the usual ruminant birth. At
the time of birth, the front legs appear first,
and the head appears only when the front legs
are in part outside. The shortened legs of the
neonate Myotragus balearicus suggest that
this event may also have been peculiar in this
species (Fig. 8).

Another point that remains insufficiently
known in Myotragus balearicus is the possi-
ble sexual dimorphism at birth. In some spe-
cies, like Dama dama, statistically significant
diferences in the size of males and females
have been recorded for neonates (Braza et al.
1968). In our opinion, Myotragus balearicus,
a highly dimorphic species at the adult stage,
probably displayed some sexual dimorphism
in size from birth. Nevertheless, in order to
establish this accurately it will be necessary
to exhume additional neonate materials.
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APPENDIX Identified neonate bones of Myotragus baleaicus All collection rumbers are refe ned to the vertebrae collection
‘Museu de la Naturalesa de les llles Balears', Ciutat de Mallorca (acronym: MNIB).

Crlkectlcn number B ror Tmcality il Sy lare ardd kevel ARL
48357 Hu—e e Crra Baireia Lell 07 L 1rneene
dL50F e~ nvem Foitncla Lt 0T AE A Hilogne
i H HiErgne Cova Ecreena Bizh L6 wcarfanx: Ho hoce e
<47 Pales Cowag -3 I~ E 1% Latz Pleichas ere
a4 [15% Hatma vl C-2 L=t E1l [abz Floabe oec
<4492 P dins Com 02 Left  Tamirada-=nhv 12113 Lal2 Miestocene
< RS Faaclins Ligpa 1-2 Gight 1l Laiz Pleictocens
L1364 Metaamal el BIeE Lit Di=romy min 1 Fair Pashimmie
ullfi L2 T FTERTER | LT = T Lci Uzvame miu | Larz Plelracere
LA ST Metnczpel Cown Srawa L Mirzz bl oo
A hlwazarpal Cowz Sraca Fiiul. Al 2 g Lak ¥ mdbsier e
Lied kdictarwrpal | awe =5TEn Lzt L mid | Larz Pledmerere
Sl el Covat 3 F-I-H'h Salz Hiaa 2 Laie P el
Slihia Femmir Conat -8 Right E 22 Laté FFamssoas
Pl "comarr Covs -2 Lz E1iD Lalr Feldoome
40720 Feor Coyy -2 L=H Fid [T ST e
41457 1T Lavao-2 Light F 14 L Pl movan
45121 Fimir Cowa Eamrena Pigh Y S0 Holbzeie
Jeaa P Loy Lstrets 1-H Y& m Ho e
41124 Tibix Covac 2 Righr X 19 Lotry it o
AG0LS Tibia Cuea Eslicla Lzhi El Flbeeras {esimneds
R4 Tihiz L dea Mo Lefi ke Lawe Flriseme{esr mared )
ITITE Meaaral Cowea dus Suns Lehi PR T T Thislwarrar
= Nk ] Clemntwrinl Crwen dea Moo It LT Lot Plaiszscans i saimeied]
SpaE2 s alicsl Y = Bighi LTal Hul e
ke g weameral Cirew Edo=in (il Tal 3 A Lot I'zi=toeons
S0 Sdetatpnnal Cieren Fa=m Eiga G2l 2 Gang Latw Plemisczns
»el3 “aaseal Cova Exrem Leil W&ol Hidl i e
342 W laliasal T T S Hig [ ) S 11 Huoloaene
LA =eopule b e | Elgx  Sala Gaand Lak Plezhinn=
Hnigd Soupaly Cwa 03 Rig Unignmem Lirke MzEinecas
41753 Frantal Lm0 et [ Lo Pl=mren=
41 @7 Eronnal Con C-1 Eigm EIlI 1 ate Mreneras
51006 Frimial e sl Lttt Lz & Larg L PlcEoccas
b LA Fromial G G2 Leit E 2 Luke Menimeas
s s Cerpeare Covace fon ey 1207 [lnkmin Lzic |"ceioccas
55TTE 3 Phalarg: 1 etk Gr. 2, Goug Laie Pl asras
LETL R I Phalarg Cova Estrel i Eml Kudiasae
1545 i Ml - ova LEgineis ligwnrarm | Lane Fiekwoene
LTS Ar Pl ge v Brtnets MEnl Eoboress:
T b Phalays v Esbisia Bl 3n Fonleion:
=R 1 Flalage Civa el Cal &, Gmal Lo Pleisteorm
1573 ™ Phalmge  Cow B Cal 2, Chng, Late Theickarcne
LA 1] 7™ Phalrmys 1w Fabieli [N e Lt Ml inepne
La5.a0 1 TR Mg e Ciova Exmei Cal L Oamg Liw Pleisiucens
18542 17 Fhelange o Pyiveix Cral X, Ciug Lawx 'Kishone
L5544 1% Phelangs Ui Falectn Gal 2 Goag L Pleicinoem
550 1" Fhalangs s Esmetn MEnl Huke:zns=
355da 1 Plsalusrge Ciovar Tadsrra dlal 2, Limg Lata Blesinzent

DEINSEA - ANNUAL OF THE NATURAL HISTORY MUSEUM ROTTERDAM
P.O.Box 23452, NL-3001 KL Rotterdam The Netherlands



	DEIN1999007001004
	DEIN1999007001004enc



