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WOROWSKA, 1975). SZALAY and McKENNA (1971) have shown that Z . grangeri GREGORY and
SIMPSON, 1926 and Z. sp. KIELAN-JAWOROWSKA, 1969 are junior synonyms of Z. lechei. Zalam
bdalestes derives from the ? late Santonian and /or early Campanian Djadokhta Formation
(see GRADZINSKI et al. 1977) at the locality of Bayn Dzak , Mongolian People 's Republic.
Barunlestes has been found in the ?middle Campanian Barun Goyot Formation of several
localities within the Nemegt Basin. It also occurs within the red beds of Khermeen Tsav (pre
viously referred to as Khermeen Tsav formation , e. g. KIELAN-JAWOROWSKA 1974), a stratigra
phic equivalent of the Barun Goyot Formation, at the locality of Kh ermeen Tsav H. See
GREGORY and SIMPSON 1926, SIMPSON 1928, KIELAN-JAWOROWSKA 1969, 1974, 1975a and
SZALAY and McKENNA 197I for miscellaneous background information.

Of the seven therian genera known from rocks of Late Cretaceous age in the Gobi Desert,
parts of postcranial skeletons were found in Asiory ctes and Kennalestes (in the latter only an
atlas and a fragment of an axis) and in both genera of the Zalambdalestidae. The skeleton of
Asioryctes shows many primitive characters and in some way is more similar to that of Didelphis
than to present-day eutherians (KIELAN-JAWOROWSKA 1977). Skeletons of the Zalambdalestidae,
however, show a mosaic of primitive 'and advanced characters. Although Zalambdalest es has
been found in beds aider ,than those yielding Asioryctes, it is more specialized.

Zalambdalestes and:=.Bafillilesf es,:differ'in'dental formulae and 'skull ' proportions (KIELAN
JAWOROWSKA 1975a), but significant differences in their postcranial skeletons have not been
recognized. Thus the postcranial skeletons of both genera are described herein together, and
the reconstruction of Zalambdalestes given as fig. 17 is based in part upon skeletal elements of
Barunlestes.
" Preliminary comparisons indicatethat skeletons of theZalambdalestidae are similar in

gener~fpt~pditlotfsto : :those of ' pn~s'ent~darMacro~celididae; '-thus comparisons are made
with 'E lephaniulus and :Rjiyn~hocyo-n . It ~<~is~lso instructi~e ;to make .certain comparisons with
Didelphis, - other ' marsupials, ' and ' Tup'aia; ' Rattu:~ . and' Oryctolai~;: ' : ' ,

. ' 'Ac,k i1OWledgemim ts. -;- I thank Prof P::'M., B,lITLER(J;toyal Holloway College, , University
of London); ?rof: -F. A. J F.NKINS; ' Jr. (Museum cif ComparattveZoology, "HafvardUniversity)
and Prof.'J. A. LILLEGRAVEN (TheUniversity of ,Wyomin g, Laninii~/Jof;re(ld'irig 'the 'manu-

. • " I . .. . i' _. - • '- ... ,-,.,:1.( '. , ,- . •. ... , _ . . . '

script and providing useful criticism. D iscussion with Prof. BUTLER at various stages of the
work is especially appreciated . Dr. G. B. CORnET (British Museum, Natural History), offered
a specimen of Elephantulus myurus for comparative purposes, and Prof. A. W. CROMPTON
(Museum of Comparative Zoology, Harvard University) lent skeletons of various Recent
mammals. Or. A. SULIMSKI (Institute of Paleobiology, Polish Academy of Sciences) helped
in preparing the reconstruction of Zalambdalestes in fig. 17. Thanks are also extended to the
following persons from the technical staff of the Institute of Paleobiology in Warsaw': 'Mrs;
J. SKARZYNSKA for skillful preparation of specimens; Mrs. K. BUDZYNSKA, for making dra
wings following my pencil sketches , and Mr. M. SICINSKI, for plate ,arrangemen~.

~ ...
Abbreviations of institutional names:

MCZ Museum of Comp arative Zoology. Harvard University, Cambridge. - "
l PAL Institute of Paleobiol ogy (Zak lad Palcobiologii), Polish Academy of Sciences, Warsaw.

MATERIAL

Zalambdalestes lechei (ZPAL MgM-I/43); Djadokhta : Formation, Bayn Dzak,(Main
Field), 'Gobi Desert. The following elements of the postcranial skeleton have been found in
association with' skull .and niandlbles: . incomplete left pelvis" left tibia lacking the pr oximal
part , and then in articulationincomplete left tar sus (calcaneus,"astragalus; navicular and medial
cuneiform), live metaiarsalsfproximal part s of second and third ones are broken "off; the first
metatarsal is obscured by the remainin g one s and not developedfrom the rock due to the state
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of preservation), first ph alanges of all the digits (distal parts of fourth arid fifth broken off),
displaced fragment of the left ulna , situa ted along the left tibia; fragment of right pelvis with
proximal part of femu r preserved in aceta bulum, incomplete 'right pes consisting of cuboideum,
lateral cuneiform and five metat arsals (distal parts offourth and fifth broken off) , first and second
ph alanges of the first digit, incomplete firt phalanges of second and third digits , complete first
phalanges of fourth and fifth digit s ; two caudal vertebrae. ' ,

Th e recognition of the fragmentar y lon gitudinal bone (see fig. 1, U) , situated ori the inner
side of the left tib ia, as a part of an ulna, is based on the following premises: as all the details

Fig. I
Zalamb dalestes lechci (ZP AL MgM- I/43) reconstruct on of the po
sition of the buried animal. The shadowed areas denote the bones ,
which have been preserved. Right foot preserved in a different level .
in the same piece of rock is not shown. U - ulna. Na tural size.
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and proportion s of postcr an ial skeleto ns in Z alambdalest es and Barunlestes are similar, ol.1e has
to presume that th e fused tibia and fi bula, characteristic of Barunlestes, occur red also in Zalam
bdalestes; the bone in que stion (U) is too long for a fibula, as compared with Barunlestes; ~

it cannot be a metatarsal as it is too long and all the metatarsals are in place in both feet. It
appears from the recon struction of the position of th e skeleton (fig. 1) th at this is one of the
forearm bones, possibly ulna.

(ZPAL MgM-I/166), Djadokhta Formation, Bayn Dzak (Main Field) Gobi Desert.
Second to seventh cervical vertebrae and first thoracic vertebra, preserved together. The
assignment of this specimen to Z. lecltei is based on the following premises : the axis of this
specimen has the same structure as in Barunlestes butleri, having the anterior part of the dorsal
edge of the spinous process flattened dorsoventrally,' to fo rm a tear-shaped area. Such a structure ' ,
is known only in the Zal ambdalestidae, which suggests th at the specimen in que stion is a zalam
bdalestid. Z. lechei is the only representative of the Zal ambdalestidae in the Djadokhta Forma
tion .

Barunlestes butleri (ZP AL MgM-I/77) holotype, Barun Goyot Formation, Khulsan, Nemegt
Basin, Gobi Desert. The follo wing elements of th e po stcranial skeleton have been found in
association with skull and man dibles : atlas, axis, th ree isolated thoracic vertebrae, six lumbar
vertebrae (probably first to fifth) found dispersed and the seventh associated with first sacral,
two sacral and four and a half coccygeal vertebrae , preser ved in',associa tion with thepelvis
(right side of the pelvis almost complete , left without posterior part); 'part of the left forelimb
in articulation , con sisting of the distal end of the humerus, radius and ulna, almost complete
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carpus (without capitatum and/or pisiform), five metacarpals, first phalanges of the first and
fifth digits; right femur (without the medial part), associated with the proximal extremity
of the ulna; left femur without the distal end, proximal part of the left tibia with broken off
distal and proximal extremities of the fused fibula, distal ends of second to fifth metatarsals,
associated with first phalanx of the fourth digit and proximal part of the first phalanx of the
third digit.

(ZPAL MgM-IjI04), red beds of Khermeen Tsav, Khermeen Tsav H, Gobi Desert. Left
humerus lacking the distal end, distal part of the right scapula , found in association with skull
and mandibles.

DESCRIPTIONS

VERTEBRAL COLUMN

Atlas (pI. 2: 1; fig. 2) has been preserved only in Barunlestes. It has the form of a narrow
ring. The vertebral fora men is wide and rounded in its dorsal part, much narrower and roughly
quadrangular ventrally. The transverse processes are broken, only the bases are preserved.
The dorsal arch is 1.8 mm long in the middle and 1.4 mm long laterally ; its anterior edge is
pointed in the middle. A hardly discernible medial dorsal tubercle is present anteriorly. The
posterior border of the dorsal arch is straight. The ventral arch is very narrow - 0.7 mm long,
without a ventral tubercle . The fovea dent is is flat. The sutures between the ventral arch (inter
centrum) and lateral masses are present. The anterior articular cavities are oval, converging ven
trally, moderately deep, and with distinct dorsal edges. The posterior articular cavities are
smaller than the anterior ones, almost flat, oval and confluent with the ventral arch. The inter-
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Fig. 2
Barunlestes butleri, reconstruct ion of the atlas, based on ZPAL MgM-I/77. A - dorsal, B - anterior, C - Iatcral, D 
ventral, E - posterior views. The hatched areas denote the broken bases of the transverse process, the arrows denote

the course of the transverse canal, sa y - sulcus arteriae vertebral is.
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Fi g. 3
Zalambdalestes lechei (ZPAL MgM-I jI 66), second to seventh cerv ical vertebrae and first thoracic vertebra, d rawn as
they have been preserved. The arrow denotes the course of art er ia vertebra lis. The tran sverse proce sses are preserved on
the right side of the axis, of C, and CG, ?il - incipient inferi or lamella on C. , red - at tachment area for rectu s capit is

dor salis muscle. A - right lateral, B - ventral , C - dorsal views.
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vertebral (arcual) and alar fora mina are absent. Sulcu s arteriae vert ebrali s is seen in dorsal view
as a notch at the lateral part of the dorsal arch , adjacent to the anterior articular cavity. The
transverse canal (foramen) is present. Its posterior opening is situated in the middle of the shal
low groove (for arteria vertebralis) which separates the transverse process from the posterior
articular cavit y. The ant erior open ing of the transverse can al is a foramen situated at the pos
terior end of the atlanti s fossa. Extending anterodorsaIly from thi s foramen is a distinct groove
for the continuation of ar teria vertebra lis along the base of the transverse process. The groove
passes anteriorly into the sulcus arteriae vertebralis.

Axis (pI. 2: 2 ; pI. 3, pI. 4: 2 ; figs. 3 and 4) is almost completely preserved in Zalambdalleste
(ZPA L MgM-I /166), where only the transverse process on the left side is missing; in Barunestess
(ZPA L MgM-If77) it is less complete, as the posterior part of the spinous process, the transverse
processes and the middle part of the ventral wall of the body are missing ; it is also slightly de
formed.

The bod y is longer in Zalanibdalestes than in Barunlestes. Its length (without dens) in Za
lanibdalestes is 4.4 mm, whereas in Barunlestes it measures 3.8 mm. A median ventral ridge
extend s alon g the body. Th e lateral dep ressions are uneven , bordered laterally by faint ridges
which converge slightly anteriorIy. The body is divided into allantal and axial parts by a trans
verse suture, visible on the ventral surface. The axial part is shorter than the atlantaI. The dens
is somewhat damaged in Zalambdalestes, where it is directed anterodorsally, but in Barunlestes
it app ears to be somewha t more hori zontally directed . The anterior articular surfaces are not
very prominent and are confluent ventrally with the articular surface of the dens. The transverse

Srn rn,

Fig . 4
Axis of A - Ba ru nlestes butleri (pa rtly reconstructe d, on the bas is of ZPAL MgM-I/77) and B - Rhyuchocyon cirnei
he ndersoni MCZ 43735. A" B, - an terior, A" B, - lateral , A 3 - posterior , A, - dorsal, Aa - ventral views, The
hatched areas denot e the broken bases of the transverse processes and the damaged ventral surface of the bod y. The

arrows denote the tra nsverse cana l. Posterior mar gin of the arch is in Barunlestes broken.
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process is preserved onl y on the right side of Zalautbdalestes. It is small and pierced by a trans
verse foramen. The arch is co mparatively high. Its anterior margin is regularly concave. The
posterior articular process is in Zalambdalestes extensive and directed horizontally; in Barun
lestes it is broken ofT. The most characteristic feature of that axis of the Zalambdalestidae is
the structure of the sp inous process. This is very long, rat her slender, lon gitudinally directed
process which reac hes posteriorly to above th e posterior edge of th e fourth vertebra . Its lateral
surface is slightly concave. Anteriorly the dorsal edge of the spinous process if flattened dorso
ventrally, form ing a 'tea r-shaped area.

Third vertebra (pI. 3and fig. 3) has been preserved on ly in Zalambdalestes. The body (in ventra l
view) is comparatively short and wide, concave in both lo ngitudi nal and tra nsverse direction s.
Th e posterio r edge of the bod y is more prominent th an the anterior one. The arch is very low
and the spinous process is not developed . It cann ot be stated whether the dorsal tubercle was
present , as the middle part of the body is obscu red 'by the spinous process of the axis. Th e arch,
when examined. in dor sal view, appears flat , narrow along the mid-lin e and widens laterally,
du e to the extensive art icular processes, which are arra nged rought ly hori zontally. The sho rt
transverse process is d irected nearl y ho rizon tally and obliquely posterolaterally. Th e inter
articular, space between the axis and th e thi rd vertebra is compa ratively large ; between the thi rd
an d fourth ver teb rae it is very short. ,

Fourt h to seventh cervical vertebrae (pI. 3 and fig. 3) have been preserved only in Zalambdales
tes. T he bodies of the cervical vertebrae decrease in length fro m the second to the seventh. Whe n
exa mined in ventra l view, the bod ies of fourth an d fifth vertebrae resem ble that of the th ird
vertebra: the ventral cres t is absen t, but th e midline is somewhat ra ised, and the anterio r and
po sterior edges are also ra ised , The arches of the cervical vertebrae are flat , as the spinous p ro
cesses 'a re no t developed . Wh eth er a 'median dorsa"! tubercle is present in the fo urt h vertebra is
un kn own, but such a tubercle occurs on the fifth vertebra an d increases in prominence on the
sixth an d seventh . The bod y of the sixt h vertebra differs from the remaining ones in being more
truncated posteriorly an d in having raised lateral margins. Th e prominent lateral margin ,
is interpreted as an ?incipient iriferior lamell a ( H OWELL 1926, K IELAN-JAWOROWSKA 1977),
wh ich, however, is much less prominent tha n in Asioryc tes and in modern therian mammals.
The seventh vertebra is very short; its tran sverse process, o nly the base of which has been pre
served; ' is not perforated by a for amen .

First thoracic vertebra (pI. 3 and fig. 3). A bad ly damaged first thoracic vertebra ha s been
preserved togeth er with the cervica l vert ebrae in Z alambdalestes. It s charact eristic feat ure is
the presence of a prom inent dorsal tubercle, much highe r th an on the preceding cervical verte
bra e.

Unidentified thoracic vertebrae '(pl. 4 : Ia; figs. 5 an d 16). Three damaged thoracic verteb rae
have been preserved in Barunlestes (ZPAL MgM-I j77) in fron t of the lumbars, but not in a rt icu
lat ion . Th ey have sho rt an d rounded spinous processes. Th eir supposed po sition in the ver te
bral column is illustrated on pI. 4: l a and in fig. 17, the most anterior one being obscured in
fig. 17 by th e scapula.

The mos t posterior of the preserved th oracic vertebrae (see pI. 4: Ia, and fig. 5) is the longest
an d highest. In anterior view, the greatest d iameter of the bod y is transverse. The anterior sur
face of the body is slightly concave, the posterior is flat. The medial crest is absent, but the ven
tral surface of the body is irregularly fur rowed. The transverse process is very short, placed
very low on the body, and is more prominent an teriorly than posteriorly. Above the transverse
process there is an -accessoryprocess, very prominent posteriorly, narrowing ante rior ly, and
d isappearingin about the mid- length of the arch. Its-posterior free end is-broken on both sides.
Of the"costal foveae, only the posterior one is present; anterior costa l fovea an d tr ansverse
costal fovea -are absent. However, it ca nnot be excluded tha t in Barunlestes the absence of the
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Fig. 5
Barunlestes butleri (ZPAL MgM-l j77), unidentified thoracic vertebra, (third one from the top on pI. 4 :1a) ; A - posterior,
B - ventral, C - lateral, D - anterior , E - dorsal views; ap - accessory process, pcf - posterior costal fovea,

fp - transverse process.

anterior costal fovea and the transverse costal fovea on the preserved thoracic vertebrae is due
to the damaged state of the specimen. The anterior articular processes are larger than the poste
rior ones. They have concave articular surfaces, facing medially. The posterior articular surfaces
form rounded knobs . The spinous process is short and crescent-shaped. Two other thoracic
vertebrae (see pI. 4 : la) are strongly damaged. They are smaller than the one described and
differ from it in having relatively wider accessory processes. The costal foveae are not discernible
due to the poor state of preservation.

Lumbar vertebrae (pI. 4: 1, pl. 5, pI. 6: Ic-f'; figs. 6, 7, 8). Six lumbar vertebrae have beenpreser
ved in Barunlestes, but it is possible that one is missing. The last is still in anatomical position,
articulated with the sacrum. The other five, the first two of which are distorted, lie in front.
The last of these (i. e. L5) differs in many respects from the vertebra attached to the sacrum and
has a bod y whose posterior aspect does not fit the anterior aspect of the othe r, so it appears
that at least one vertebra has been lost between them. This would then make seven lumbar
vertebrae in Barunlestes, the penultimate being lost. The bodies increase in length posteriorIy
as far as the third lumbar vertebra, and then decrease posteriorIy again . The last one is much
shorter than the others.

As an example of the lumbar vertebrae, the third is described in detail (fig. 7). The body is
strongly elongated, with a concave ventral surface provided with strong ventral crest. In ventral
view, about two thirds along the body, an oblique, weak furrow extends from the ventral crest
posterolaterally. In anterior and posterior views the greatest diameter of the body is transverse.
The comparatively short transverse processes are placed relatively Iow on the upper part of the
body, and extend all along the length of the bod y; they are more prominent anteriorIy than
posteriorly. In ventra l view they form roughly crescent-shaped wings, with the greatest diameter
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at about one quarter of the body length from the front ; they taper posteriorly, and have slightly
undulating free margins . The shape and size of the vertebral foramen is more or less similar
to that of the body. Accessory processes are absent. The anterior articular processes are very
strong, with deep, concave articular facets, and embrace the posteri or facets from below,
laterall y, and also partly from above. The posterior articular processes are much less prominent,
and are rounded. The spinous process is comparatively long, pointed, and bent.

The first lumbar vertebra (fig. 6) differs from the third in having a higher arch, in the shape
of the spinous process (which is straight, roughly rectangular, and project s upwards), in the
presence of a prominent accessory process, and in having narrower and differently shaped trans
verse processes. The upward direction of the spinous proc ess is character istic of the diaphrag
matic vertebra (first lumbar) in modern mammals, and this is characteristic also of Barunlestes.

The second lumbar (pI. 4: I) is intermediate in some respects between the first and the third.
Its arch is comparatively high, accessory processes are present, but the spinous process is bent
anteriorly as in the third one. The transverse processes are broken, and it is impossible to state
whether they are shaped as in the first or in the third lumbars. The fourth and fifth lumbars
are similar to the third, becoming gradually shorter and lower posteriorly, and having the trans
verse processes relatively wider and shorter. The last lumbar vertebra (pI. 6 : Ic- f and fig. 8)
differs from the preceding in being distinctly shorter and lower, in having the spinous process
directed backward s and slightly bent posteriorly, 'a nd in having wider tran sverse processes.

c

5 m m

....~

Fig. 6
Barunlestes butlerl (ZPAL MgM·I/77), first lumbar vertebra; A - posterior, B - ventral, C - lateral, D - anterior,

E - dorsal views; QC - accessory process, tp - transverse process.
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5 mm

E

Fig. 7 ,.

Barunlestes butleri (ZPAL MgM-J /77), third lumbar vertebra; A --::-y osterior , B - ventral, C - lateral , D - ant erior,
E - dorsal views.

Sacrum (pI. 5 and pI. 6: 1a-b; fig. 8) has been preserved only in Barunlestes. The sacrum con
sists of two vertebrae, only the first of which articulates with the ilium. The posterior articular
processes of the first vertebra and the anterior ones of the second are not preserved. Judging
from the small area left for them between the spinous process and the sacral foramen, they
were reduced, and probably fused. The sacrum in dorsal view forms a strongly elongated trian
gle. In dorsal view, starting about half way along the first sacral ; there extends a median sacral
crest, from which a narrow, pointed spinous process risesposterodorsally; the tip of its over
hangs the second sacral. The anterior processes of the first sacral are prominent and face me
dially. Lateral to them the anterior margin of the sacrum is concave. A wide longitudinal groove ,
bordered laterally by the raised edge of the articul ar surface, extends from this concave
margin to the sacral foramen. The sacral fora men is large and more elongated transversely
than longitudinally. On the level of the anterior margin of the sacral foramen, between it and
the base of the spinous process, there is a deep furrow, convex anteriorly andsurrounded ante
riorly by a prominent margin. To the rear of this furrow, the bone is missing on both sides. The
auricular surface consists of a high, rounded anterior part and a roughly triangular posterior
part, which narrows posteriorly. The auricular surface is irregularly furrowed. About the middle
of it there is a vertical ridge, convex posteriorIy, and bounded anteriorly by a deep groove,
in front of which there is a series of perpendicular furrows; in the posterior part, the furrows
are shallower than in the anterior.

The second sacral vertebra is longer than the first, and longer than the first coccygeal. The
transverse processes arise from only the anterior part of the vertebra, and are roughly triangular.
The transverse processes are partl y broken on both sides ; they are reconstructed (fig. 8) as meet-
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Fig. 8
Al - Barunlestes butleri (ZPAL MgM-I/77), last lumbar vertebra, sacrum and first coccygeal vertebra partly reconstructe d ;
Al - dorsal, A. - ventral, Aa - lateral views. In Aa first coccygeal vertebra is not figured. B - Za lambdalestes lechei

(ZPAL MgM-I/43), coccygeal vertebrae, possibly penultimate and ultimate .
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ing the wings of the first vertebra. Along the second sacral vertebra extends a comparatively
narrow and high median crest, in the posterior part of which rises a second spinous process,
directed obliquely upwards. This is stouter than the first one, and is probably bifurcated at
the end. Half way along, the sp inous process is enlarged transversely by roughly triangular
plates on its lateral walls. The posterior articular processes are not preserved. They have been
reconstructed in fig. 8, on th e ba sis of a comparison with the second and third coccygeal ver te
brae, in which the articular processes are preserved (pI. 6 : 1c-f).

In ventral view the middle part of th e first sacral vertebra, corresponding to the body, is
elevated and bounded laterally by wide , longitudinal grooves, wh ich separate the body from the
strongly rai sed wings . The ventral side of the body is longitudinally concave. An extremely faint
body crest extends along the posterior half of the body. Faint furrows extend posterolaterally
from the body crest towards the sacral for amina , with small vascular openings present in the
middle of their lengths. In the second sacral vertebra, the body cre st is more strongly pronounced
than in the first one. The body is concave in a longitudinal sense , with raised anterior and poste
rior borders. In th e posterior part of the body, oblique furrows extend po sterolateralLy from
the crest. The wings are sepa ra ted from the body by small , sha llow fur rows.

Coccygeal vertebrae. Th e first four and a half coccygeal vert ebrae are preserved in Barun lestes
in articulation with the sacrum (ZPAL MgM-Ij77 pI. 6 : lc-f; fig. 8A), and two, probably from
the posterior part of the tail, in Zalambdalest es (ZPAL MgM-I j43, pI. 10: 2; fig. 8B). The bodies
of the first coccygeals in Barunlestes are distinctly shorter than those of the last coccygeals in
Za lambdalestes. This points to different prop ortions of the tail in the two genera, that of Zalam
bdalestes being probably longer.

The structure of the preserved four ver tebrae in Barunlest es also indicates a rather short
tail. The neural process, which is high and prominent on the first coccygeal in Barunlestes,
becomes obsolete on the third. The first three vertebrae are provided with wide , flattened, and
rounded anterior articular processes, which articulate with much narrower posterior ones. On
the fourth vertebra, the posterior articular processes are reduced, and th e anterior ones of the
fifth are strongly flattened . The tr ansverse proce ss is preserved onl y on the right side of the
fourth vertebra and on th e left side of the fifth. It extends only along the first half of the body
length, as reconstructed in fig. 8A.

REMARKS ON VERTEBRAL COLU MN

The atlas in Barunlestes (unknown in Zalambdalestesy is similar in general shape to that of
Asioryctes, which occurs in Mongolia in the same beds as Barunlestes (KIELAN- JAWOROWSKA

1977). The intercentrum is probably not synostosed with the lateral arches in Asioryctes, but
it is synostosed in Barunlestes. The sutures between the ventral arch (intercentum) and lateral
arches are present in Barunlestes (see fig. 2), which is a primitive ch aracter, not present in most
adult modern eutherian mammals. The tr ansverse processes are relatively larger in Barunlestes
than in Asioryc tes. The main difference is the presence of the transverse foramen on the atlas
of Barunlestes; this is absent in Asioryctes, which retains the more primitive condition (KIELAN

JAWOROWSKA 1977). The transverse foramen in Barunlestes is relatively smaller than in present
day mammals of similar size. It is situated more posteriorIy and pierces the posterior part of
the transverse process. Barunlestes is the oldest known eutherian mammal in which the trans
verse foramen in the atlas makes its appearance.

A primitive faeture of the axis of Zalambdalestes and Barunlestes is the presence in adult
condition (as in Asioryctes) of a joint between the atIantal and axial parts of the axial body.
The most characteristic feature of the neck in the Zalambdalestidae is the structure of the spi
nous process of the axis, which is unusually lon g and ra ther slender , directed horizontally. This
process is very different from those of present-day and fossil mammals known to me. In most
mammals the spinous process is high and strong, more or less rounded (see e. g. fig. 346 in
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LESSERTISSEUR and SABAN 1967, and fig. 41 in KRVGER 1958). In certain large rodents (e. g.
Borhyaena, see SI NCLAIR 1906) the axial spine is very strong, projecting posteriorly beyond the
margin of the axial body. In both these genera it is, however , very different from that in Barun
lestes, being relatively shorter, more robust and directed posteriorly upwards. In these genera,
as in most large mammals, the spinous process of the axis serves as an area of attachment of
the first, strong digitation of the lamellar part of the ligamentum nuchae (see SISSON and GROSS

MAN 1953: 214). The shape of the spinous process of the axis and those of the first thoracic ver
tebrae indicate that the ligamentum nuchae was probably wanting in the Zalambdalestidae.
]f follows from the observation of SLIJPER (1946) that this ligament rarely occurs in mammals
of a small size. The presence of a large, tear-shaped area on the anterior part of the dorsal side
of spinous process of Zalambdalestes, interpreted here as an area of origin of the rectus capitis
dorsalis muscle , indicates that this muscle was probably well developed. The side of the axial
spine and the posterior articular process usually serve in mammals as origin for the obliquus
capitis posterior, which inserts on the dorsal surface of the wing of the atlas. Its main function
is to rotate the atlas and with it the head. The lateral sides of the axial spines are in Zalambdales
tes concave and may have served as extensive attachment for the obliquus capitis posterior.
Because of the immobility of the anterior part of the neck between C2 and C4 (due to the elonga
tion of the spinous process of the axis), all the movements of the head are limited to the region
lying in front of the axis. This, as well as the lack of a ligamentum nuchae explain the strong
development of the rectus capitis dorsalis and obliquus capitis posterior.

The spinous processes of the thoracic vertebrae are in Barunlestes small and rounded as in
numerous small mammals (SLlJPER 1946). The lumbar vertebrae are similar to those of Didel
phis in that both have very short transverse processes. Differences exist, however, in the shape of
the spinous processes, which are short and straight in Didelphis , but longer and bent anteriorly
in Barunlestes.

A primitive feature of the zalambdalestid skeleton is the structure of the sacrum, which
consists of two vertebrae, only the first articulating with the ilium. In this respect the Zalambda
lestidae are more primitive than present-day eutherian mammals. An unusual feature of the
structure of the sacrum is the length of the second sacral vertebra, which is longer than the first
sacral and longer than the first coccygeal.

PECTORAL GIRDLE AND FORELIMB

Scapula (pI. 7: 2; fig. 9) has been preserved only in Barunlestes. The shape of the scapula
cannot be estimated. In outer view, the glenoid border is concave, and its medial part strongly
projects downwards into a small tuber scapulae, medial to which there is a large, prominent
coracoid process. The ventral border between the tuber scapulae and coracoid process is deeply
incurved. The spine starts 1.7 mm above the glenoid border. Its free margin is broken off.
The broken surface of the spine in the ventral part is greatly enlarged, being 0.7 mm wide and
narrowing dorsally. The enlargement of the ventral part of the spine indicates the presence of
a rather extensive acromion, the shape of which cannot be estimated. It also cannot be estimated
whether the supraspinous fossa is larger than the infraspinous fossa. In inner view, the coracoid
process is very prominent, and overh angs the medial part of the glenoid angle. The margin
of the glenoid fossa is thickened and rounded; a longitudinal ridge extends from the middle
part of it dorsally for a distance of about 2 mm. Laterally to this , there is a longitudinal furrow,
and further laterally the surface of the scapula is convex again; in the middle of the preserved
part of this last con vexity there is a large, oval, nutrient foramen. The remainder of the preserved
part of the inner surface is rather flat.

Humerus (pI. 8: 4, pl. 9: 2; figs. 10, 11) has been preserved only in Barunlestes. The length
of the humerus, estimated on the basis of two specimen s in which only the proximal or distal
? - Pa lncontologla Polonica No. 38
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Fig. 9
DistaI part of the right scapulae of A - Barunlestes butleri (Z PAL MgM-I/I04) ; B - Elephantulus myurus (ZPAL Mw/I);

A, B, - outer, A2 B2 - inner, Aa Ba- .end views.

parts were preserved, is about 22 mm. In its pro ximal half (fig. 10) the shaft is curved, convex
in front , and along the proximal one third of its length somewhat compressed laterally. The
deltoid tuberosity is small, triangul ar and distinctly separated from the greater tubercle (tuber
culum majus) by a transverse groove. The deltoid tub erosity is continued by a crest which runs
downwards and forms the medial boundary of the very shallow musclo- spiral groove. The lesser
tubercle (tuberculum minus) is relatively large and flatt ened, forming in anterior aspect (fig.
IOA3) a flat semi-circular surface, separated from the shaft by a distinct groove. The head is
moderately cur ved and the neck well marked. A shallow undivided intertubercular groove extends
atthe fron t of the medial side. The lesser tubercle which is not very prominent , is separated from
the head by a shallow groove.
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Fig. 10
Proximal part of the left humerus of A - Barunlestes butleri (ZPAL MgM-I/ I04) and B - Elephantulus myurus (ZPAL

Mw/I ) ; A, 8 2 - posterolateral, A3 B, - anteromedial, A2 B3 - anterior views.
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The distal part of the shaft is strongly compressed anteroposteriorly. The medial epicondyle
(fig. 11 ) is very prominent, the lateral condyle much smaller. Above the medial epicondyle there
is a large oblique entepicondylar forame n. A shallow furrow extends from the entepicondylar
foramen towards the medial epicondyle, with a distinct nutrient forarnen at the end oft hc furrow.
The radial and olecranon fossae communicate with each other, to form a supratrochlear for
amen, relatively large in the described specimen , perh aps due to distortion.
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Fig. I1
Distal part of the right humeru s of A - Barunlestes butler; (ZPAL MgM-I /77) ; B - Elephantulus myurus (ZPAL
Mw/I ) ; Al B, anterior, A2 B2 posterior, Aa Ba lateral, A, 8, medial, A , B. end views; tr - trochlea, c - capitulum, gr 

groove for the margin of the radial head .

The medial edge of the distal extremi ty (vestige of the ulnar condyle, see J ENKINS 1973)
projects strongly downwards and forms a prominent, sharp crest. Th e trochlea is confluent
with the capitulum. Lateral to the cap itulum (in anterio r and ventral aspects - see fig. l lA,
and As) there is shallow groove (gr). Extending laterally to the groove, is the lateral crest which
projects downward s, but is less promi nent tha n the med ial crest.

Forearm (pI. 1: la, pl. 8: I, pl. 10: I; figs. 12, 13) has been preserved only in Barunlestes.
The two bones of the forearm are very long and slender. Estimated length of the ulna (in ZPAL

MgM-Ij77. the middle part of which is missing), is 30 mm, and that of the radius about 24.5 mm.
Rad ius and ulna cont act each other pr oximally and distally, but are separated in the middle.
Th e radius is arranged in the proximal part entirely in front of the ulna (see pI. 8: Id).

Radius. Th e preserved fragment of the proximal part shows the head which is elongated
transversely and flattene d from front to back (pl, 8: 1d). The oval ar ticula r surface for the capi
tulum is situate d almost in the midd le of this surface, somewhat more medially than laterally
and is conflue nt with the trochlear notch on the ulna. Lateral to the cavity, a large semilunar
wing is directed obliquely downwards and anterolateraUy, to match the groove and the lateral
ridge on the distal extremity of the humerus. The large size of this wing forces the head to project
strongly laterally over the shaft of the radius. The head also projects media lly over the shaft,
but to a smaller degree than laterally. The margin of the head alo ng the contact with the ulna
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forms a straight line. The neck is very well marked. In the middle part the shaft is flattened ;
distally it becomes more robust and roughly quadrangular in cross section. The distal articular
surface (pI. 10: le, le) forms a single, insignificantly concave , roughly rectangular facet for
articulation with the scapholunatum. The styloid process is not developed.

Ulna. The ulna is almost complete, broken in the middle. The olecranon process projects
upwards and is slightly bent inwards. In this last respect it differs from that in Elephantulus
(fig. 12Al and Bj) where it projects straight upwards. The olecranon process consists of a trian
gular tuberosity, strongly elongated longitudinally, tapering distally, and of a small tubercle
on the upper margin of the olecranon. Its shape is different from that in the Macroscelididae,
where on the proximal margin of the olecranon process there are two tubercles. The medial
surface between the tuber olecrani and the semilunar surface is deeply concave. The anterior

5mm
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Fig. 12
Proximal part of the right ulna in A - Barunlestes butleri ; B - Elephantulus myurus; Al Bl - lateral, A. B. - medial,

Aa Ba - anterior views.

margin of the olecranon, when seen in medial view, is straight in the upper part and forms
a semilunar depression in the lower part, just above the anconeus process, which strongly over
hangs the semilunar notch. The latter is concave from above downwards, narrow in the upper
part and strongly enlarged transversely in the lower part. The medial semilunar wing projects
medially over the medial surface of the ulna. The shaft is strongly compressed laterally, oval
on cross section; it recalls that of Rhynchocyon, but differs from other Macroscelididae, where
it is reduced distally and fused with the radius. At the distal end the ulna becomes more robust;
it is rounded in cross section and articulates with the triquetrum. The styloid process is absent.

Carpus (pI. 10: I; fig. B) has been preserved only in Barunlestes. Of nine bones, which probably
constituted the carpus, seven have ~been preserved in ZPAL MgM-I/77, possibly the capitatum
and pisiform being lacking. A damaged bone, preserved in abnormal position on the ventral
side of the carpus (seen on pI. 10: le) may be either of these bones. As may be seen from fig.
BAl the third to fifth metacarpals in the studied specimen have been moved proximally, the
triquetrum is partly obscured by the hamatum, while the distal part of the ulna (due to displa
cement) is almost entirely obscured by the radius. Because of the small size of the bones of the
carpus, it was decided not to separate them from each other. A characteristic feature of the car
pus in Barunlestes is fusion of the scaphoideum and lunatum, which form a large crescent-shaped
scapholunatum. The proximal convex surface of the scapholunatum articulates with almost
all of the distal surface of the radius. The concave distal surface of the scapholunatum surrounds
the centrale. On the dorsal surface of the scapholunatum an oblique, distinct furrow is visible,
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which might show the line of fusion of the scaphoideum and lunatum. At the j unctio n of the
radius, the triquetrum and the scapholunatum, there is a minute bone, rounded proximally and
tapering distally, designated here a sesamoid bone (os Daubentoni - see L ESSERTISSEUR and
SABAN 1967). The triquetrum is roughly quadrangular, but poorly preserved.

Three carpals of the distal row have been preserved . The trapezium tapers proximally, the
trapezoideum is roughly rectangular , the size of the capitatum is reconstructed in fig. 13Az,
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Fig. 13
Left carpus and metacarpal s of A - Barunlestes butleri (ZPAL MgM-I /77); Al - the bones as they have been preserved,
A. - reconstruction ; B - Elephantulus myurus (ZPAL Mw/I) ; C - capitatum, CE - centrale, H - hamatum, L 
lunatum, R - radiu s, S - scaphoidcum, S E - sesamoid bone, SL - scapholunatum, TR - trapezium, TRA - trape -

zoideum, TRIQ - triquetrum, U - ulna.

while the hamatum is elonga ted transversely and narrows laterally. The pisiform has not been
preserve d, unless a fragmenta ry bone, seen on pI. 11: 1c on the ventral side of the carpus is
a part of it.

Metacarpals. Five metacarpal bones are preserved in Barunlestes (ZPAL MgM-I /77).

The first is the shortest, the third and four th are the longes t and the third is the widest of all
the metacarpals. In the second, third and fourth metacarpals the dist al ends are wider than the
shafts and the proximal ends . Tn the first and fifth metacarpals the proximal ends are enlarged
and protrude medially in the first, and laterodistally in the fifth. The metacarpals are so arra nged
as to form a convex dorsal surface and a concave volar surface. The shafts of all the meta carpa ls
are compressed from front to back. The proximal ends articulate with each other and with the
corresponding carpal bones. The proximal articular surface is concave from side to side. The
distal ends have articular sur faces of the nature of a head, provided with a distinct pit on the
dorsal side.

Phalanges. Of the digit phalanges only the first one of the first digit and first of the fifth
digit are preserved in situ in Barunlestes (ZPAL MgM-l/77). They have the proximal ends slightly
enlarge d and taper dista lly.
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REMARKS ON THE PECfORAL GIRDLE AND FORELI MB

T he glenoi d (articular) angle in the scapula of Barunlestes differs from those of most modern
clav iculate mammals in the presence of a very exte nsive coracoid process, which together with
a small tuber scapulae strongly projects ventrally beyond the glenoid fossa. In so me present-day
primitive claviculate eutheria ns such as Solenodon , Tenrec, Elephantulus and Tupaia, the glenoid
an gle is reminiscen t of tha t in Barunlestes. Also in Didelphis an d some other marsupials (e. g.
Philander ) th e tuber scapulae an d the coracoid process reca ll those of Barunlestes. Although
the acro mion and clavicle are no t preserved in Baru nlestes, on th e basis of the above compari
sons, as well as on th e basis of similar p rop ortion s of fore- a nd hindl ims in Barunlestes to those
in the Macroscelididae (see below) , one ca n presume th e presence of a clavicle in Barunlestes.

Th e proportionate length s of the segments of th e forelimb in Barunlestes are reminiscent
of those of the mod ern Macroscelididae (see reco nstruction of Zalambdalestes skeleton, fig. 17,
and that of Elephantulus, in GRASSE, 1955, fig. 1579, afte r de BLAINVILLE). The difference concerns
the metacarpal bones, which are relati vely lon ger in Barunlestes th an in Elephantulus.

The humerus of Barunlestes shows stro ng similarity to tha t of the Macroscelididae (see
figs. 10 and 11). In the proximal part the similarities concern proportions of the tu berculum
majus and tuberculum minus, and the presence of the entepico ndy lar and supra trochlear fora
mina. The distal extr emity is also gene ra lly reminiscent of th ose of the Macroscelididae and to
a sma ller degree of other primitive extant mammals such as Tupaia (see JENKINS 1973, fig. 17f) ;
e. g. a groove (fig. 11 , gr.) on the dista l extremity, characteristic of Barunlestes and Macrosceli
didae does no t occur in Tupaia.

In Barunlestes , in the Macroscelididae and in Tupaia the radius is situa ted in its pro xim al end
fully anterior to th e uln a, not anterolatera lly, and the a rt iculating sur face of th e radius is con
fluent with the trochlear not ch on th e u lna (see p1.8: Id , 2 an d 3). In this respect the radius and
ulna in these three gro ups represe nt the form figure d by TORNIER (1886, fig. 1b), as cha racter
ist ic of th e M arsupialia . Consequently, th e capitulum (which for ms th e central part of the distal
extremity and is not separated from the trochlea by a ridge), art iculates in extension with the
radius and in flexion with the ulna .

Th e carpus of Barunlestes diflers from that of the Macroscelididae in the presence of a sea -
I

ph olu natu m, whereas in the Ma croscelididae th e scaphoideurn a nd lunatum are not fused
(fig. 13). T he cent rale cha racteri stic of Barunlestes oceurs in th e Macroscelididae (and in many
other mammals). T he metacarpals are relat ively longer in Barunlestes th an in Elephantulus,
but the d ifferences arc not strik ing.

The carpus of Barunlest es has a struc ture typica l of the con vergent hand (de fined also by
ALTNER 1971 as a " Spreizha nd") of small mammals. In numerous primi tive marsupials (e. g.
in Didelphis), the scapho ide um and lunatum arc fused as in Barunlestes . However , th e carpus
in Didelphis shows a qui te d ifferen t arra ngement of bones, characteristic of a grasping hand
with opposable pollex (see ALTN ER 1971).

PELVIC G IRDLE AND H IN DLlMB

Pelvis (os cox ae) (pI. 1: 2a-b, pI. 5 and pI. 6: la-b). Incomplete pelvis has been preserved
in Z alam bdalestes (ZPAL MgM-I/43) an d almost complete in Barunlestes (ZPAL MgM-li77).

The sutur es between ilium, isch ium an d pubis arc present in acetabular regio n and are better
seen on the inner tha n on the outer surface of the pelvis . Th e position of th e sutures agrees
in genera l with that in Didelphis. Th e ilium is narrow a nd strongly elongated, concave longitu
din ally, and with a ro unded a nterior margin . T he tuber cox ae a nd tuber sacrale are not devel
oped. Ab ove th e an terior part of the acetabulum on the upper margin of the pe lvis th ere is a sma ll
tubercl e th rough which passes the suture between the ilium a nd ischium. In fron t of this tubercle
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the upper margin of the ilium is concave, forming the greater sciatic notch , and in front of the
notch there is a creseent-shaped prominence, the posterior iliac spine. From the spine forwards,
the ilium forms an elongated sha ft, slightly narrowing .anteriorly, its inner side forming the
surface that articulated with the sacrum.

The ventral margin of the ilium in front of the aceta bulum is slightly concave. A prominent
tubercle for the rectus femori s muscle is present near the anterior margin of the acetabulum.
Extending anteriorly from this tub ercle towards the anterosuperior corner of the ilium, a ridge
delimits the gluteal surface from the pelvic surface. The inner (pelvic) surface of the ilium is
convex in a longitudinal direct ion. The aur icular surface is small and poorly discernible, delimited
posteroventraIly by an indistinct, rounded ridge.

The body of the ischium forms a straight shaft, which widens posteriorly to form a poorly
defined tuber ischii. The ischiati c spine is very small, marked only by the presence of the greater
sciatic notch. The dorsal margin between the suture with the ilium and the ischiatic spine forms
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Fig. 14 .
Proximal part of the femur of A - Barunlestes butleri (ZPAL MgM-I/77), B - Rhynchocyon cirnei hendersoni MCZ
43735. C - Elepltantulus myurus (ZPAL Mw/I ); A" B" C, - ant erior, Az, C2 - posterior views. The broke n line in

A , denotes reconstructed third trochanter, not figured in fig. A,.
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a straight line; the greater scia tic notch is very sha llow, exte nding posteriorly for one third of
the ischium length. The body and ramus of th e ischium are almost a t right angles. The suture
between ischium and pubis is not visible in th e posterior part of the pelvis.

The acetabular and symphyseal processes of th e pubis meet a t a right angle. On the lower
part of the anterior margin of th e pubis there is a sma ll tr ian gular surface, ta pe ring downwards,
recognized (KI ELAN-JAWOROWSKA 1975c) as an art icular surface for th e marsupial bone. It
has been claimed (KI ELAN-JAWORowSKA I. c.) th a t it is highly po ssible th at the marsupial bones
existed in Barunlestes a nd were charact eri stic of all primitive mamma ls, including Eutheria.
The acetabulum is a deep hem isph eric cavity of which abo ut one-sixth is for med by the pubis,
one-sixth by the ilium and two-th irds by th e ischium. The articular par t is circumferential except
for a deficiency of one quarter of the rin g po ste ro vent rall y. It is moderat ely deep anteriorly,
shallow dorsally and mo st deep po steriorl y where it forms a prominent rounded wing. There
is a small, deep notch behind and below the wing. The non articular part is formed exclusively
by the ischium. The obturat or foramen is large, elongated lon gitudinally, and roughly oval in
outline.

Femur (pI. 1: 1b, pI. 5, pI. 7: I, pI. 11: 2, 4; fig. 14) has been preserved onl y in Barunlestes.
It is long and slender. In ZPAL MgM-Ij77 the estimated length of the femur (measured along
the distal and proximal parts of the right femur, which were preserved in situ, the middle part
being missing) is 34.5 mm . The head forms more than a hemisphere ; its upper (proximal)
surface is flattened . The neck is sto uter th an in th e Macroscelididae (fig. 14), less elonga ted ,
and most distinct anteriorly and medially. It fo rms an angle of about 60° with th e body. The ante
rior surface of the neck is in th e same plan e as th e anterior aspect of th e body. The upper margin
of the neck forms an almost stra ight line, very different from th at in Elep hant ulus and more
reminiscent of Rhynchocyon, The greater trochan ter is rather short, roughl y triangular, much
less prominent than in Elephantulus. The lateral surface of the grea ter trochanter is broad pro
ximally and slightly narrowed distally. The trochanteric crest overha ngs a very deep and elon
gated trochanteric fossa. The third trochanter in th e studied specimens is not preserved . In the
Macroscelididae the third trochanter forms a delicat e, roughly trian gular wing. It cannot,
however, be excluded th at th e third trochanter was present in Barunlestes an d had a structure
similar to th at in the Macroscelididae . If th is is true it must have become broken during fossili
zation . It is tentati vely reconstructed in fig. 14A1• This hypothesis is partly confirmed by the
study of the lateral sur face of the shaft, below th e grea ter trochanter . In th e left femur of
ZPAL MgM-Ij77 there is on thi s surface a delicat e rid ge, the middle part of which is broken
off. Judging from the size of the broken ridge, the third tr ochanter in Barunlestes would probably
be less prominent than in Elepliantulus.

The distal extremity is flatt ened anteroposteriorly. The condyles are of almos t equal size,
the inner slightly larger. They a re separated by a narrow and deep intcrcondyloid fossa. The
fossa is bounded proximall y by a distinct intercondylar line , which forms a sha rp, transverse
ridge. The patellar groove is asymmetrical. The groove of the trochlea is wide and extensive,
not very deep. Of the two rid ges, that surro und it, the med ial is more prominent and extends up
higher than the lateral on c. The lat eral epicondyle is somewhat more prominen t th an the medial.
The medi al epicondyle is surmounted by th e adductor tu bercle .

Tibia and fibula (pI. I: 2a-b, pI. 5: l a, pI. 7 : Id , pI. 11 : I and 3). In Barunles tes (ZPAL
MgM-Ij77) are preserved: a part of the left tibia , 34 mm lon g, lacking the distal extremity, a nd
a 13 mm long proximal part of th e right tibi a . In Z alambdalestes (ZPAL MgM-Ij43) and incom
plete left tibia is preserved , its dist al end (i. e. the tibi ofibular) articulates with a partial tarsus
and foot. The proximal extremity is missing, and the lat eral wall of th e proxima l part, to gether
with the place of fusion with the fibul a, is not preser ved. The length of th e preser ved part of th e
tibia is 34 mm. In the same specimen , along th e inn er side of th e tibia, there is the shaft of
the fine , long bone, interpreted as an ulna (fig. 1).
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The fibula is fused with the tibia along about two thirds of its dist al exte nt an d consists only
of the proxi ma l part. No trace of the lower part can be distinguished. The lower end of the
fragment is fused to the tibia l shaft and the upper extremity is fused or jointed by a syno vial
join t to the tuberosity of the tibia . The length of the free part is in Barunlestes (ZPAL MgM-I /77)

about 9.6 mm. This free part is not preserved. Judging from the preserved proximal and distal
extremities fused with the tibia, the free part of the fibula was a very slende r bone.

The length of the tib ia is unknown , it may measure arou nd 40 mm . Th e shaft of the tibi a
is thick, prismat ic and roughly triangular in cross section proximall y. It becomes grad ually
thinner dista lly and ova l in cross section. At the distal end it stro ngly widen s aga in. The anterior
margin is prom inent on ly proximally, along about one third of the length of the tibia ; dist ally
it is gent ly rounded. The medial margin is rounded. Th e lateral margin forms a sharp crest above
the fusion with the fibula and is ro unded below. The lateral su rface is wide and concave along
one third of its proximal extent and ro unded below. Extending along the lateral margin of the
po sterior surface there is a wide gro ove which becomes narrower and shallower near the fus ion
with the fibula . Th e po pliteal line is not discern ible proximally; it is visible on ly as a faint, ob
liqu e crest extending over a distan ce bet ween the mid-line of the posterior surface and the medial
border. Th e distal ext remity of the tibi a is not preserved in Barunlestes but it is partly preserved
in Zalambdalestes (see pI. I: 2b-c). In th is specimen both lateral and medial malleoli are broken
off ; the cochlea tib iae is well preserved . The medial groove is smaller than the lateral one , which
is associated with a great asymmetry of the astragalus. The medial groove is arranged rough ly
hori zontally ; the large lateral groove, quandrangular in shape, is arranged very ob liquely.
Th e intermediate ridge is prominent. D ue to these characters and the absence of the mall eoli
caused by dam age, the preserved distal end of the tibi a appears in anterior view to be roughly
triangular an d tapering downwards.

Th e proxi mal extremity of the tibia is in Barunlestes in superior aspect roughly triangular.
Th e medial articular surface is smaller than the lateral, gentl y concave and elon gated anteropos
teriorly. The lat era l surface is roughly circular. The two surfaces are sepa ra ted by the intercon
dylar eminence, which forms a smooth, not very prominent ridge , widening anteriorly. Exten
din g in front of the intercondylar emi nence, the intercondylar area is rough and depressed .
A posterior inte rcondylar area is not discerni ble. Anteriorly the two articu lar sur faces are con 
fluen t and form a wide subtriangular eleva tion. Separated from thi s elevation by a transverse
groove , and situated lower is the tu berosity of the tibi a . The lateral articular surface has an
ove rha nging outer margin , which in the postero lateral corner projects downwards and fuses
or mak es a synov ial joint with the fibula.

Tarsus (pI. I: 2b-c, pI. 9: I, and fig. 15) has been pre served only in Zalambdalestes (ZPAL
MgM-l j43).

Calcaneus is 6.6 mm long, narrow, st ro ng and compressed laterally. Examined in dorsal
view it is constri cted at about one third of its length from the upper margin. T he length of the
prox ima l part of the body above the astragalo-calcaneal facet exceeds a half of the calcane al
length (measures 4 mm). The tuber ca lcanei forms a prominent, rounded kn ob , 1.3 mm long
in plantar view. The astragalo-calcaneal facet in dorsal aspect is obscured by the astragalus.
In lateral aspect it is seen as a sha rp tria ngular process (processus cochleari s of SIssONand GROSS
MAN 1953, or processus coracoideus of NICKEL et al. 1968), projecting obliquely downwards,
entirely sur rounded by the lateral ridge of the astragalus. The sustentacular face t examined in
plantar view fo rms a narrow process, which widens upwards. In medial view it appears more
extensive, tri an gula r, and provided with an ob lique ridge. The medial surface of the body below
the tuber is d istinctly concave.

Th e lat eral surface is slightly concave, and the plantar surface form s a slight ly concave
ridge . The distal surface of the calcaneus is arranged at right angle to the length of the body.
In its medial half it bears a cuboi d facet sur rounded laterally by a ridge . The cuboid facet
faces downwards and consists of a flat anterior part and con cave po sterior part. The articular
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Fig. 15
Zalambdalestes Iechei (ZPAL MgM-I J43); A - reconstruction of the left tarsus and proximal ends of metatarsals in
dorsal view, B - calcaneus, astragalus and navicular of the same specimen, as they have been preserved in lateral view,
C - the same in medial view, D - the same in plantar view; AS - astragalu s, CAL --'-calcaneus, CV - cuboideum,
IC - intermedial cuneiform, LC - lateral cuneiform, MC - medial cuneiform, N - navicular, tt - tuber tibialis.

surface for the lateral malleolus of the tibia (tibiocalcaneal facet) is not developed on the calca
neus; the tibia articulates exclusively with the astragalus (see below). The peroneal tubercle
is not developed.

Astragalus has a deep trochlea and a head separated from the trochlea by a short, uncon
stricted neck. The trochlea is arranged parallel with regard to the body of the calcaneus, but the
distal part of the astragalus is arranged obliquely.

The trochlea is markedly asymmetrical. The lateral ridge is very large, strongly convex,
the medial ridge much smaller. The lateral ridge forms in lateral view an almost regular circle.
The trochlear groove, in the only specimen in which the astragalus has been preserved (ZPAL

MgM-IJ43) is deeper than it was in life, because of damage, possibly partly due to the prepara
tion. An examination of the photograph of this specimen on pl. 9: le may give a wrong impres
sion that the groove of the tibial trochlea was much deeper in Zalambdalestes than in any known
present-day mammal, which in fact is not the case . The shape of the groove of the tibial trochlea
is in Zalambdalestes unknown and it is only tentatively reconstructed in fig. 15. Extending lat
erally from the lateral ridge is a very prominent lateral malleolar surface, triangular in dorsal
view. This serves as an area for articulation with lateral malleolus of the tibio-fibula. In lateral
view the lateral malleolar surface has an appearance of a prominent, rounded ridge. The plantar
surface is in large part obscured by the calcaneous. The dorsal astragalar foramen (SZALAY

1971) was probably absent, but as the surface of the bone is in this area damaged, its presence
cannot be excluded. On the exposed part of the plantar surface the plantar astragalar foramen
is not discernible.

Navicular is a small bone, consisting of the main body which articulates with the astragalar
head and the medioproximal tuber (tuber tibialis). An indistinct joint is tentatively recognized
between the main body and tuber tibialis. It is, however, not certain whether the line, recognized
herein as a joint (very distinct in dorsal and medial views, but much less distinct in ventral
view) is not a crack. The main body is irregularly quadrilateral in dorsal view, 1.2 mm long
and 0.9 mm high. Its proximal surface is concave. The distal surface is convex in the anterior
part and flat posteriorly, not divided into separate fossae for the cuneiforms.
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Cuboideunt is 2. I mm long , wide pro ximally along one third of its length , opposite the contact
with the navicular, and narrower distally. The medial border of the cuboideum is incurved
to house the lateral cuneiform.

Lateral cuneiform is 1.5 mm long, roughly rectangular , with sigmoid lateral margin contacting
the cuboideum.

Intermedial cuneiform, which is not preserved , is (as appears from the reconstruction in
fig. 15) about I. I mm long, roughly rectangular.

M edial cuneiform is strongly elongated , 3.4 mm long and about 0.6 mm wide.

D

ff

cBA

Fig. 16
Diagramm atical dra wings of the left feet of A - Zalambdalestes, B - Rattu s, C - Elephantulus, D - Oryct olagus ;

T - tibiale, 11- tuber tibialis, 11- calcaneal fibular facet.

Metatarsals (pI. I: Ic and 2b-e, and fig. 16A) have been almost completely preserved in
Z alambdalestes (ZPAL MgM-I j43) and distal ends of second to fifth in Barunlestes (ZPAL

MgM-Ij77). They are very long and thin , with strongly enlarged distal ends . The first , the short
est, is in Z alambdalestes (ZPAL MgM-I j43) 12.5 mm long , 'the second 21 mm long , the third
22.5 mm long, the fourth (estimated length) 23.5 mm long, the fifth (estimated length)
23.5 mm long. The second metatarsal is the widest. The fifth is pointed proximally and protru
des laterall y along the cuboideum.

Phalanges. The first and second phalanges of the first digit are preserved in Za lambdalestes
(ZPAL MgM-Ij43), where the first is 3 mm long , the second (sharp claw) is 2 mm long. The
first phalanx of the second digit is 5.4 mm long . Of the other digits only the proximal parts of
the first phalanges are pre served . The first phalanx of the fourth digit in Barunlestes (ZPAL

MgM -If77) is 4 mm long.
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REMA RKS ON THE PELVIC GIRDLE AND HINDLIMB

Th e possible existence of epipubic bone s in the Zalambdalestidae has been discussed else
where (KI ELAN-JAWOROWSKA 1975c). Th e femur resembles in general those of the Macrosceli
did ae and comparison s with that famil y have been made throughout the description. A charac
teri stic feature of th e hindlimb of the Zalambdalestidae is a strong degree of fusion of the tibia
and fibul a . Tibia and fibul a are fused in numerous mammals, among which the Macroscelididae,
Lepor idae , Tarsiidae and Dipodidae display a maner of fusion similar to that in the Zalambda
lestidae, (McKENZIE 1911, BARNETT and N APIER 1953). In all these groups no trace of the
lower half of the fibular sha ft can be distinguished. The lower end of the fragment is fused to
the tibial sha ft, whereas th e superior tibio-fibular joint is either fused (e. g. Rhynchocyon, Pe
trodromus, Elephantulus, Dipus) or synovial (e. g. M acroscelides, Lepus, Tarsius, Jaculus, Allac
taga). BARNETT and N APIER (1953) stated that mammals with thin, flexible fibula , fused or incor
por ated with th e tib ia at its lower end and articulating with it at the upper end by means of
synov ial joint , are capable for rapid, sudden mo vements. It is impossible to state whether the
superior tibi o-fibular joint in the Zalambdalestidae was synovial or fused. However, the preser
ved parts of th e tibia and fibul a speak for the cap acity for rapid movements .

The tarsus of Zalambdalestes ha s a structure in gen eral similar to those of the present-day
eutherian mammals and very different from th at of th e Late Cretaceous Asioryc tes. KIELAN-JA
WOROWSKA (1977) has shown that the ta rsus of Asioryc tes represents the most primitive type
found in th e th erian mammals interm ediate between th at of Triassic triconodonts (JENKINS
and PARRINGTON 1976) and modern th eri an mammals. The primitive features of the tarsus of
Asioryctes are the lack of the tibi al trochlea and th e po sition of the proximal body of the astra
galus medial to the calcan eus. Zalambdalestes, which occurs in beds older than Asioryctes
has a very advanced structur e of the tarsus. The astragalus is here supported by the calcaneus,
the tib ial trochlea on the astragalus is well developed and the tibio-fibula articulates only with
the astragalus. The astraga lo-ca lcanea l complex of Zalambdalestes is also more advanced than
in th e Late Cretaceous eutherian genera from North America Protungulatum and Procerberus
described by SZALAY and DECK ER (1974). The primitive features of these genera are the presence
of a distal peroneal tubercle (absent from Zalambdalestes), the cuboid facet oblique to the long
axis of the calcaneus (perpendicular in Z alambdalestes), the low tibial trochlea (deep in Zalam
bdalestes) and the presence of a calcan eal fibular facet (ab sent from Zalambdalestes). The other
specia lized feature of Zalambdalestes tarsus is the lon g and lat erally compressed calcaneal body
po sterior to the astragalo-calcaneal facet. The astra galo-calcaneal complex of Zalambdalestes
is also more specialised than that of th e Paleocene leptictid Prodiacodon described by SZALAY
(1966) in its lack of th e peroneal tubercle (broken off but possibly present in Prodiacodon)
and probably in the absence of the astragalar for amen.

Since Ge genbaur's paper (1864) a natomists ha ve commonly believed that the mammalian
astraga lus represents a fused tibi ale and intermedium. The question has been discussed by various
authors (see LEWIS 1964 for summary) . LEWIS(I. c.) argued that th ere is no evidence to support
G EGENBAUR'S view and demonstrated that the free tibiale, which occurs in rodents and mono
tremes, is homologou s with the tuber.tibi alis of the navicular of certain mammals. Consequently
according to LEWIS the na vicular is homologou s with centrale plus tibiale. In a majority of present
day mammals th e navicular is irregularly quadrilateral with a concave proximal surface to re
ceive th e as tragalar head. H owe ver, in some mammals, e. g. in marsupials (see Thylacinus),
in the Felidae and in some insectivores the nav icular is provided with a large medio-proximal
tuber t ibiali s. The tuber tibialis is well developed in Zalambdalestes and there is an uncertain
joint between it and th e qu adrilateral part of the navicular. If this interpretation is correct,
th e st ructure of th e navicular in Zalambdalestes ma y serve as an additional argument supporting
LEWIS' (1964) idea.

Th e tarsus of Zalambdalestes may be superficially co mpared with that of rodents (see fig. 16),



POST CRANIAL SK ELETON IN ZA LAMBDA LESTIDAE 29

from which it differs in the lack of a free tibiale, in the lack of a peroneal tubercle, in having
the astragalar trochlea arranged parallel to the calcaneus (oblique in rodents) and in the differ
ently shaped astragalar head. The similarities concern the presence of the lateral malleolar
surface on the astragalus, the lack of the calcaneal fibular facet and the general proportions of
the cuneifonns. The metatarsals are , however, proportionally more elongated in Zalambdalestes
than in quadrupedal rodents.

Neither does the tarsus of lagomorphs invite a close comparison with that of Zalambdalestes.
There are certain similarities such as lack of the peroneal tubercle (ab sent also in most pre sent
day mammals) and the nearly longitudinal arrangement of the astragalar trochlea in lagomorphs
(entirely longitudinal in Zalambdalestesy. The difference s concern the presence of extensive
calcaneal fibular facet in lagomorphs (absent in Zalambdalestes) which results in a quite different
contact of the tibio-fibula with the tarsus in the two groups, and the different shape of the astra
galar head. In Recent leporids the calcaneus extends more distally than the astragalus making
possible the calcaneo-navicular contact. This is a new feature as in th e Oligocene leporid Mega
lagus the astragalus reaches the same distance distally as the calcaneus (DAWSON 1958). The
tarsus of Megalagus is very different in details from that of Zalambdalestes and with the excep
tion of the relative lengths of the astragalus and calcaneus doe s not differ essentially from
those of the modern leporids. The navicular in Megalagus as in the modern leporids, is provided
with an extensive tuber, directed distally, very different from that in Zalambdalestes.

The long metatarsals, comparable with those ofZalambdalestes occur in the Macroscelididae,
but there are important differences in the structure of the tarsus (see fig. 16). The latter is more
elongated in Macroscelididae, the calcaneal fibular facet is present, and the distinctive structure
of the macroscelidid astragalus, with the ridges strongly bent toward the middle of the trochlea,
is very different from that in Zalambdalestes.

I .., I / 1 . d (1 h f ta rsus X 100 )t IS interesting to compare t le tarso metatarsa 111 ex engt 0
metatarsal III or IV

of Zalambdalestes and other mammals. I have measured as the length of the tarsus the distance
between the proximal end of the calcaneal tuber and the distal end of the cuboideum, or lateral
cuneiform, depending on which one protrudes farther distally. The tarso-metatarsal index so
obtained is 39 in Zalambdalestes, 63 in Elephantulus, 83 in Rattus and 90 in Oryctolagus. These
differences in the proportionate lengths of the tarsus and metatarsals a re also clearly seen from
fig. 16. The tarsus in Zalatnbdalestes is unusually short in comparison with strongly elongated
metatarsals. In Elephantulus in which the metatarsals are of about the same ab solute length as
in Zalambdalestes, the tarsus is almost twice as long. The proportions between tarsal and meta
tarsal lengths in Rattus and Oryctolagus are very differen t from those in Zalambdalestes.

It follows from the foregoing comparisons that although the tarsus of Zalambdalestes is
generally on the level of organization of modern eutherian mammals, it has a specific structure,
not known to occur as a whole in any group of present-day mammals.

HABITS OF THE ZALAMBDALESTIDAE
(fig . 17)

The structure of the spinous process of the axis of Zalambdalestes indicates th at the anterior
part of the neck was immobile. This structure, together with short spinous processes of the thor
acic vertebrae, suggest the lack of a ligamentum nuchae. An immobile neck region is characte
ristic of mammals of various habits, including aqu atic (not an appropriate comparison with th e
Zalambdalestidae), fossorial, and ricochetal adaptations (HATT 1931 , LULL 1948, L ESSERTISSEUR

and SABAN 1967). It is improbable that the zalambdalestids were strongly fossorial as limb
structure shows no appropriate adaptations. The neck in Zalambdalestes is not greatly shortened,
and thus differs from the common condition in ricochetal small mammals. The axis of Barunlestes
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Fig, 17
Reconstruction of the skeleton of Za lambdalestes lechei, partly based on skeletal parts of Barunlestes butleri.
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is distinctly shorter than in Z alambdalestes, however, and might hint to a tendency towa rd
shortening of the neck region through the history of the Zalambdalestidae. Unfortunately, the
remaining neck vertebrae of Barunlestes are unknown. It seems possible that the parti al immo
bility of the anterior part of the neck is indicative of a tendency toward ricoch etal behaviour,
although the Zalambdalest idae presumably did not leap bipeda lly (see below).

Th . d I f h . b 1. d (1 h f humerus + radiu sx 100) . 63 ·e estimate va ue 0 t e intermem ra 111 ex engt s 0 . . • IS 111
femur + tibia

the Zalambdalestidae. As complete tibiae and humeri are unknown in Barunlestes and Zalambda
lestes, their lengths ha ve been estimated from preserved fragments.

The values of the intermembra l index are 96 in L epus, 62 in Rhynchocyon , 75 in Petro dromus,
65 in Elephantulus, 68 in Ma croscelides, 45 to 48 in Macropus, 46 in Dipodomys , 39 in Pedetes,
33 in Jaculus, and 36 in A I/actaga (EVANS 1942, HOWELL 1933). Thus the Zalambdalestidae fall
within the range of vari ation of macroscelidid genera, being similar in intermemb ral index to
Rhynchocyon (62) and Elephantulus (65).

MARLOW (1969) has shown that the desert-living Australian mammals Antechinomys spenceri
(Dasyuridae) and Notomys cervinus (Muridae) occupy the same habitat and are similar in general
appearance, but differ in modes of locomotion. Antechinomys leaps quadrupedally, while
Notomys leaps bipedally at fast speeds, but run s quadrupedally at lower speeds. He also provided
detailed osteological measurements for both genera . Unfortunately he chose to measure the
ulna in the forearm rather than the radius ; thu s estimati on of intermembral indices in difficult.
Having no specimens of Antechinomys or Notomys ava ilable, I estimated the length of the radius
to be about 78 %of that of the ulna, as calculated from measurements taken on the radiographs
by MARLOW (1969, Table 1I), and on the basis of comparisons with other murids and dasyurids.
The estimated intermembral index is 65 in Antechinomys and 44 in No tomys. This agrees with
the data discussed above, and shows that No tomys, which leaps bipedally, has a low intermem
bral index , that falls within the range of variation observed in ricochetal small mammals. The
quadrupedal Antechinomys has an intermembral index similar to tho se of the Zalambdalestidae
and Macroscelididae.

The data provided by MARLOW (1969) sho w that the intermembral index may serve as a rea
sonable indication of the mode of progression in small mammals with elonga ted feet, although
MARLOW does not draw this conclusion.

. ( metatarsal 1II X 100) . .The value of the metatarsal/femoral index lengths of IS 55111 Rhyncho-
femu r

cyon , 60.7 in Petrodromus, 53.6 in Elephantulus, and 70.8 in Macroscelides (see EVANS 1942).
The same index is probably about 65 in the Zalambdalestidae, estimated tentatively from length
of femur in Barunlestes and length of third metatar sal in Z alambdalestes. Thi s means that the
metatarsals in zalambdalestids are relatively longer than in most macroscelidid genera.

Persistent repetition of misinformation that the elephant shrews hop bipedally occurs in
the literature (e. g. LESSERTlSSEUR and SABAN 1967, VAUGHAN 1972, GUNDERSON 1976), despite
EvANS' (1942: 104) statement that : " The Macroscelididae, in spite of their appa rent adapta tion
for hopping, do not do so". BROWN (1964) and BROWN and YALDEN (1973) again demonstrated
that the Macroscelididae do not have completely bipedal locomotion . Th e usual form of pro
gression in members of this famil y is to walk quadrupedally or run with all four feet frequently
clear of the ground. The intermembral index ranges between 33 and 48 in ricochetal mammals
and thus is lower than in the quadrupedal Macroscelididae and in the Zalambdalestidae»,

On the basis of intermembral and metatars al/femoral ind ices, and other proportions of
particular segments of the limbs , I conclude that locomotion by the zalambdalestids was similar
to that of present-day macroscelidids. Whil e it seems reasonable also to conclude that they were
not bipedal leapers, it is perh aps too much to expect a mode of pr ogression ident ical with that

1) The estima tion assumes Z alambdalestes and Barunlestes to have been roughly comparable in body size and body
prop ortions, an assumption born e ou t by the know n sca ttered parts.
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of any other living or extinct group of ma mmals. For example the struc ture of the tarsus, and
in particular of astragalus, is very different in between the zalam bda lestids and macroscelidids, ·
thus providing indirect evidence that functions, as well, differed in detail.

Geological evidences (LEFELD 1971, GRADZINSKJ and JERZYKIEWICZ 1974, see also KIELAN
JAWOROWSKA 1977) suggest that known zalambdalestids lived in semi-desert habitat s. As they
do not show specialization peculiar to fossoria l life, it seems likely that they scurried quickly
under the cover of vegetation or among the rocks, as do the macroscelidids today (SAUER and
SAUER 1972). Their molars (KJELAN-JAWOROWSKA 1969, CROMPTON and K IELAN-JAWOROWSKA
1978), are adapted for crushing and shearing and indicate a diet of insects. It is possible th at
the y used th e pr ocum bent , str ongly enlarged first lower incisors for picki ng thei r prey.

PHYLOGENETIC CONSIDERATIONS

The skeleton of the Zalambdalestidae has been compared throughout the fo regoi ng descrip
tion with those of various present-day mammals and in particu lar , the MacrosceIididae. The
conclusion has been drawn that the mode of life of the zalambdalestids was similar to that of
the macroscelidids. This conclusion does not imply, however, a particularly close phylogenetic
relationship between the two families. The dentition of the macroscelidids is very different from
that of the zalambdalestids and the fossil forms (BUTLER and HOPwooD 1957, PATTERSON
1965) are not more similar to the zalambdalestids th an living species. The similarities in the
postcranial skeleton of the two families either concern characters considere d primitive, also
found among various other groups of modern mammals, or characters which are connected
with a similar mode of locomotion and are probably convergent in origin. Th e car pu s and tarsus
are different in the Zalambdalestidae and Macroscelididae an d show that the former in some
respects, were more advanced that the latter. For example, the zalambdalestids have a scapholu
natum and have lost the articulation of the tibio-fibula with the calcaneus.

VAN VALEN (1964) suggested a remote relationship of the Zalambdalestidae with th e Lago
morpha. He pointed out some similarities in the dentition of the Mongolian Paleocene genera
Pseudictops and Eurymylus (see WOOD 1942) with the lagomorphs and with Zalambdalestes.
SULIMSKI (1969) claimed that Pseudictops is close to the Anagalidae but that any similarity
with Eurymylus is superficial. SYCH (197I) described new material of Eurymylus, including
previou sly unknown upper incisors, and demonstrated that the genus possesses only one pa ir;
all definiti ve lagomorphs have two pairs of upper incisors. Taking this into account and no ting
differences in structure of the enamel on the lower incisors (plus some other characters), he remo 
ved Eurymylus fro m the order Lagomorpha and created for it the order Mix odontia. SZALAY
and McKENNA (1971) created the order Anagalida to include the Anagalidae, Pseudictopidae,
Eurymylidae, Zalambdalestidae, and possibly also Didymoconidae. They claimed that the clo
sest known relatives of the Anagalida are the Lagomorpha. KIELAN-JAWOROWSKA (1975a)
demonstrated that the type of tooth wear in Zalambdalestes and Eurymylus is different.

McKENNA (1975) proposed for the Anagalida a new rank (grandorder), which he placed
within a cohort Epitheria. He included within the Anagalida two orders, the Macroscelidea and
Lagomorpha. Families included within the various new ranks are not specified in McKENNA'S
(1975) classification, but it appears from his fig. 3 that the Lagomorpha wou ld include the Za
lambdalestidae, Pseudictopidae, and Duplicidentata. He also states (I. c.: 34-35): " I believe
th at Zalambdalestes is cladi stically a Cretaceous lagomorph, A Zalambdalestes- like animal,
po ssibly still with the tibia and fibula un fused, could have given rise to later lagomo rphs by loss
of 11, P, 13 c~, dPl and Pa, to yield th e dental formula 11 P J3 P: P: M~ M~ M~, from which both
ochotonids and leporids could have been derived".

To verify th at Zalambdalestes or Zalambdalestidae a re cladisticaIIy lago morp hs, by which
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understand that they represent a sister group of the Duplicidentata, one should demonstrate
the existence of synapomorph lagomorph characters shared both by the Zalambdalestidae and
Duplicidentata. I see no such characters in the dentition, skull, or postcranial skeleton. McKENNA
(1975), however, argued for similarities in dentition. He stated that Zalambdalestes possesses
enlarged incisors 11 and J2 and compared them with the corresponding teeth in the Dupliciden
tata. This comparison appears to me superficial, because although 11 and J2 are enlarged in Za
lambdalestes, they are different both in structure and in function from those in lagomorphs.
In the lagomorphs, upper and lower incisors are ever growing and adapted for gnawing (see
WOOD 1957). There is no indication in specimens of Zalambdalestes and Barunlestes that the
upper incisors were evergrowing. Lower incisors 11 in the Zalambdalestidae, however, are greatly
enlarged, almost completely procumbent, and evergrowing, although they were clearly not mo
dified for gnawing.

Among other "lagomorph-like" features of the Zalambdalestidae, McKENNA pointed out
the prismatic structure of the trigonids and talonids, lack of anterior and posterior cingula on
upper molars, and the quintet of cheek teeth (P: P: M~ M ~ M~) which contrast sharply in morpho
logy from more anteriorly placed teeth.

Lingual cingula are wanting in Theria of metatherian-eutherian grade such as all the Trinity
therians (see SLAUGHTER 1971), Deltatheridiidae (see KIELAN-JAWOROWSKA 1975b), Potomatelses
(see Fox 1972) and most marsupials (see CLEMENS 1966). They are also lacking in the most
primitive of known eutherian mammals ("Prokennalestes" from the Early Cretaceous of Mongo
lia 2). Lingual cingula are first seen in eutherians in the Late Cretaceous Kennalestes from
Mongolia (KIELAN-JAWOROWSKA 1969). They are lacking in a wide variety of eutherians such
as Asioryctes (see KIELAN-JAWOROWSKA 1975a), Didelphodontinae (see CLEMENS 1973), Pseu
dictops and Eurymylus (discussed above), Zalambdalestidae and many others. The lack of lin
gual cingula in Cretaceous therians is probably in most cases a primitive (plesiomorph) feature;
their absence in the zalambdalestids and lagomorphs thus cannot unequivocally be taken as
evidence of special relationship for these groups.

There is indeed a certain similarity in molar structure between the zalambdalestids and lago
morphs, referred to by McKENNA (1975) as "prismatic structure of the trigonids and talonids";
the type of wear, however, in these groups is quite different. CROMPTON and KIELAN-JAWOROW
SKA (1978) demonstrated that in Zalambdalestes, in order for matching shearing surfaces to
remain in contact during the power stroke, it was necessary for the upper surface of the lower
jaws to rotate in a medial direction about their longitudinal axes (when viewed from behind),
before the beginning of the power stroke. To my knowledge such rotation of the lower jaws
does not occur in the lagomorphs. CROMPTON and KIELAN-JAWOROWSKA (l. c.) on the basis of
studies on molar occlusion in Zalambdalestes also suggested that zalambdalestid molars were
adapted for crushing and shearing rather than for grinding. Thus they functioned in a manner
quite different from those of lagomorphs.

SZALAY and McKENNA (1971) mentioned that in the order Anagalida the foot is "somewhat
lagomorph-like". McKENNA (1975) also cited as one of the features characteristic of the grand
order Ernotheria, a "lagomorph-like foot structure". Unfortunately neither SZALAY and Me
KENNA (1971) nor McKENNA (1975) explained what they meant by "lagomorph-like foot struc
ture". The foot is poorly known in the Leptictida, a group assigned by McKENNA (1975) to
Ernotheria. The astragalo-calcaneal complex of known forms, however, reminds one of that
of a cat (SZALAY 1966) and is not lagomorph-like.

One of the features characteristic of lagomorphs is the retention of fibular facet on the cal
caneus for articulation with tibio-fibula (WOOD 1957). Additional to lagomorphs, such a facet
is present in the Macroscelididae (see fig. 16) and Pseudictopidae (see SULIMSKI 1969), but pro-

2) "Prokennalestes" has been named (but not described) by BELIAJEVA et al. (1974) and information concerning its
morphology is cited herein with the kind permission of Dr. B. A. TROFIMOV of the Palaeontological Institute in Moscow.

3 - P a la eontologfa P olonica N o . 38
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bably not in the Anagalidae (see SIMP SON 1931 ) among the groups discussed above. The calca
neus has not been described in Anagale, but the structure of the as traga lus suggests a tibio
-astragal contact similar to that in Tupaia. The Zalambdalestidae in thi s respect are also more
specialized than the lagomorphs, as the tibi o-fibul a has lost contact with the calcaneus and
articulates onl y with the astragalus. The structure of the astragalus, the a rrangement of the other
bones in the tarsus, and the structur e of metatarsals are different in the Zalambdalestidae and
in lagomorphs (see fig. 16). Again , in other features of postcranial anatomy I recognize no
characters that could unequivocally be regarded as specifically common to zalambdalestids and
lagomorphs; to the contrary, there are many important differe nces. The ax ial spine for example
has a very different structure in the two groups. The transverse fo ram en in th e seventh cervical
vertebra is absent from Zalambdalestes , but present in lagomorphs. Th e transverse processes of
the lumbar vertebrae are extremely narrow in th e Zalambdalestid ae , in contrast to their consi
derable width in lagornorphs. The listing-could go on.

In conclusion , I see no reason to regard the Zalambdalestidae as a sister group of the Dupli
cidentata, except in th e sense that both may have been deri ved from such generalized forms
as the Early Cretaceou s "Prokennalestes". It is possible , on dent al morphological grounds,
however, to agree th at all groups of eutherian s ma y be deri ved fr om such creature.

The Zalambdalestidae sho w a peculiar mo saic of specialised and primitive characters.
They ar e strongly specialised in the structure of hindlimbs and dentition , whereas in other parts
of the skeleton they retain generally primitive features. To the se latter belong, among others,
sutures between th e ventral and lateral arches of the atlas, the joint between the axial and atlan
tal parts of th e axial body, the sacru m consisting of two vertebrae and the presumed presence
of marsupial bones. The specializations seen in the Zal ambdalestidae do not suggest a special
relationship with any other known group of mammals.

It could be argued in such a situation, that the Zalambdalestidae would merit ordinal rank.
However , ] am personally opposed to the practice of creat ing high rank taxa for poorly known ,
monotypic or almost monotypic fam ilies. For the present , therefore, I classi fy the Zalambda
lestidae as family incertae sedis in order Proteutheria ( R OMER 1966), NOVACEK 1977, faute de
mieux,

ADDE NDUM

Since this paper was sub mitted to pub lication a classification of eutheria n mammals has been published (Szalay 1977),
in which the Zalambdalestidae are classified as Lagomorpha incertae sedis. In the view of the forego ing argument such
assignement cannot be accepted. " .

Polska Aka demia Nauk
Z ak lad Paleobiologii

02-089 Warszall'(/, AI. Zw irk i i Wigury 93
January , 1977
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EXPLANATIONS OF THE PLATES

PLATE I

Barunlestes butleri KIELAN-JAWOROWSKA

37

Upper Cretaceous, Barun Goyot Forma tion, Khulsan , Nemegt Basin, Gobi Desert, Mongolia ; holotype, ZPAL MgM-I/77

I a. The specimen as it has been found, showing the skull, partial left forelimb and three thoracic vertebrae, X I.
I b. Other side of the same specimen, showing partial right and left femora , X I.
I c. Distal ends of the second to fifth metatarsals, associated with first phalanx of the fourth digit and the proximal part

of the first phalanx of the third digit, x 6.

Zalambdalestes lechei GREGORY and SI MPSON

Upper Cretaceous, Djadokhta Formation, Bayn Dzak , Gobi Desert, Mongolia ; ZPAL MgM-I/43

2a. The specimen as it has been found, showing partial skull, left tibia and partial left os coxae, x I.
2 b. The same specimen after the removal of the skull, partl y developed from the rock , showing left os coxae, par tial

left tibia, partial tarsus and pes, X I.
2c. Stereo-photograph of the left hindlimb of the same specimen in dorsal view. Fragmentary bone on the inner side

of the tibia is probably the left ulna (see text-fig. I). In the upper part of this photograph two coccygeal vertebrae
are visible, x 2.

2d. Left metatarsals second to fifth and indeterminate phalanx of the same specimen, X 4.
2e. Distal ends of the left metatarsals and incomplete first phalanges of the same specimen, X 6.

Photo : E. lVyrzykowska

PLATE 2

Barunlestes butleri KIELAN-JA WOROWSKA

Upper Cretaceous, Barun Goyot Form ati on, Khul san, Nemegt Basin, Gobi Desert , Mongolia ; holotype, ZPAL MgM-I /77

I a. The atla s in right lateral view.
I b. The same in dorsal view.
I c. The same in ventral view.
I d. The same in anterior view.
I e. The same in posterior view.
2a . The axis in right lateral view.
2 b. The same in dorsal view.
2e. The same in ventral view.
2d. The same in anterior view.
2e. The same in posterior view.

All stereo -photographs X 6

Photo: E. Wyr zykowska
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PLATE 3

Zalambdalestes lechei GREGORY and SlMPSON

Upper Cretaceou s, Djad okhta Format ion, Bayn Dzak, G ob i Desert, Mong olia ; ZPAL MgM -I/166

I a. Stereo-ph otograph of the cervical vertebrae first to seventh an d first thoracic vertebra in ventra l view.
I b. Stereo-photograph of the same in dorsal view.
1c. The same in right lat eral view.
1d. Th e same in left lateral view.

All X 6

Photo : E. lVyr zyk owsk a

PLATE 4

Barunlestes butleri KIELAN-]AWOROWSKA

Upper Cretaceous, Barun Go yot Formation , Khul san, Nemegt Basin, Go bi Desert, Mongolia ; holotype, ZPAL MgM-I/77

I a . Three thoracic and five lumbar vertebrae (possi bly first to fifth) in right lateral view.
I b. The lumbar vertebrae of the same specimen in dorsal view.
I c. The sam e in ventra l view.

All stereo-photographs X 3

Za lainbdalestes lechei GREGORY and SIMPSON

Upper Cretaceo us, Djadok hta Format ion, Bayn Dzak, Gobi Desert, Mongol ia ; ZPAL MgM-I/166

2. Stereo-photograph of the axis in fro nt view, X 6.

1'11U1u: E. Wyr zyk owsk a

PLATE 5

Barunlestes butleri KI ELAN-J AWOROWSKA

Upper Cretaceou s, Barun G oyo t Formation, Khu lsan, Ncmcgt Basin, G obi Desert, Mongol ia ; holotype, ZPAL MgM-I /77

I a. Last lumbar vertebra, sacru m, two coccygeal verte brae, part ial pelvis, proximal parts of femora and proximal part
of left tibia, partly developed from the roc k, X 3.

I b. Stereo-pho togra ph of the sam e specimen, completely developed from the rock, afterthe remo val of the left hind
limb , in dorsal view, X 2.

I c. Stereo-photograph of the same in ventra l"view, ' X "2.'

Photo : E. Wy rzykowsk a



POSTCR ANI AL SK ELETON IN ZAL AMBDALESTID AE

PLATE 6

Barunlestes butleri KI ELAN-JAWOROWSKA

39

Upper Cretaceous, Barun Goyot Format ion, Khulsan , Ncmegt Basin , Gobi Desert, Mongolia ; holotype , Z PAL MgM-I j77

I a. Stereo-pho tograph of the right os coxae in ventral view.
Ib. Stereo-photograph of the same in dorsal view.
I c. Stereo-phot ograph of the last lumbar vertebra. sacrum and four and a half coccygea l vertebrae of the same specimen

in dorsal view.
I d. Stereo-photograph of the same in ventral view.
Ie. The same in left lateral view.
I f. The same in right la teral view.

All X 3

Photo : E. Wy rzykow ska

PLATE 7

Barunlestes butleri KI ELAN-JAWOROWSKA

Upper Cretaceous. Barun Goyot Form atio n, Khulsan, Nernegt Basin ; holotype, ZPAL MgM-Ij77

Ia. Proximal part of the left femur in posteri or view.
Ib. The same in ante rior view.
Ic. The same in lateral view.
Id. Right knee of the same specimen, as it has been preserved, in anterior view.
Ie. Dist~ part of the right femu r of the same specimen in ant erior view.
I f. The same in posterior view.
I g. The same in end view.
Ih. The same in medial view.

Upper Cretaceous, red beds of Kh ermcen Tsav, Khermeen Tsav 11, Gob i Desert , Mongolia; ZPAL MgM-I jl04

2a. Distal part of the right scapula in end view.
2b. The same in lateral view,
2c. The same in ante rior view.
2d . The same in inner view.

All stereo-pho togra phs X 4

/' 11010 : E. Wyr zyk oll'ska

PLAT E II

Barunlestes butleri KI ELAN-JAWOROW SKA

Upper Cretaceous, Barun Goyot Formation , Khulsan , Nemegt Basin, Gobi Desert, Mongolia ; holotype, ZPAL MgM-Ij77

Ja. Stereo -pho tograph of the proximal part of the left ulna in media l view, X 4.
1b. Stereo-photograph of the same in anter ior view, X 4. .
1c. Stereo-phot ograph of the same in lateral view, X 4.
1d. Stereo-ohotograph of the same ulna and radius in anterior view, X 4.
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Tupaia sp.

Recent, Borne o ; MCZ 35614

2. Stereo -photograph of the pro ximal part of the left ulna and radiu s, X 3.5.

Rhynchocyon cirnei hendersoni THOMAS

Recent, West Africa ; MCZ 43735

3. Stereo-photograph of the prox imal part of the left ulna and rad ius in an terio r view, X 3.5.

Barunlestes butleri K IELAN-JAWOROWSKA

Upper Cretaceous red beds of Khermeen Tsav, Khermeen Tsav If, Gobi Desert , Mo ngolia ; ZPAL MgM- I/I04

4a. Stereo-photographs of the proximal part of the left humerus in posterolateral view, X 4.
4b. Stereo -photograph of the same in anterior view, X 4.
4c. Stereo-photogra ph of the same in anteromedial view, X 4.

Photo: E. lVyrzykowsk a

PLATE 9

Zalambdalestes lechei GREGORY and SIMPSON

Uppe r Creta ceous, Djadokhta Formation, Bayn Dzak , Gobi Desert , Mongolia ; ZPAL MgM-I /43

1a. Right cuboideum, latera l cuneiform and all metatarsals (the first one not visible in this view), the distal part s of
fourth and fifth broken off, in dor sal view, X 4.

1b. The same in inner view showing comp lete first digit and broken off first phalanges of the fourth and fifth digit, X 4.
1c. Partial left tarsus of the same specimen (calcaneus, astragalus and navicular fused with tibiale), in inner view, X 6.
1d. The same in ventral view, X 6.
1e. The same in dor sal view, X 6.
1f. The same in outer view, X 6.

Barunlestes butleri KIELAN- JA WOROWSKA

Upper Cretaceous, Barun Goyot Formation, Khul san , Ncrnegt Basin , Gobi Desert, Mongolia: holotype, ZPA L MgM -I/77

2a. D istal part of the left humerus, in medial view, X 6.
2b. The same in anterior view, X 6.
2c . The same in lateral view, X 6.
2d. The same in posterior view, X 6.
2e . The same in end view, X 6.

All stereo-photographs

Photo: E. lVyrzykowsk a
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PLATE 10

Barunlestes butleri KIELAN-JAWOROWSKA
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Upper Cretaceous, Barun Goyot Fo rmation, Khu lsan, Nemegt Basin, Gobi Desert, Mongolia ; holotype, ZPAL MgM-Ij77

la. Distal part of the left humerous, ulna , broken off radiu s, incomplete carpu s, metacarpals and first phalange s of the
first and fifth digit in outer view, X 2.

I b. The same in inner view, X 2.
I c. Distal part of the radius and ulna, carpu s and incomplet e hand of the same in inner view, X 6.
I d. The same in outer view, X 6.
I e. The same in dorsal view, X 6.

Zalambdalestes lechei GREGORY and S IMPSON

Upper Cretaceous, Djadokhta Formation, Bayn Dzak, Gobi Desert, Mongolia ; ZPAL MgM-l j43

2. Coccygeal vertebrae (possibly penultimate and ultimate), X 2.

All stereo-photographs

Photo : E. Wyrzykowska

PLAT E 11

Barunlestes butleri KIELAN-JAWOROWSKA

Upper Cretaceo us Barun Goyot Formation, Khulsan, Nemegt Basin, Gobi Desert, Mongolia ; holo type ZPAL MgM-I j77

I a. Stereo-photograph of the left tibia in posterolateral view, X 4.
I b. Stereo-photograph of the same in anterior view, X 4.
l e. The same in medial view, X 4.
I d. Stereo-photograph of the same in top view, X 4.
2a. Stereo-photograph of the proximal part of the right femur in anterior view, X 4.
2 b. The same in top view, X 4.
2c. The same in posterior view, X 4.
2d . The same in lateral view, X 4.

Zalambdalestes lechei KIELAN-JA WOROWSKA

Upper Cretaceous, Djadokhta Formation, Bayn Dzak, Gobi Desert , Mongolia; ZPAL MgM-I j43

3. Stereo-photograph of the left tibia in end view, X 6.
4a-b. Incomplete right os coxae with the proximal part of the femur in two views, X 4.
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