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Peculiarities of the hind limb musculature in monotremes:
an anatomical description and functional approach

Petr P. Gambaryan, Alexei A. Aristov*, Joan M. Dixon & Galina Ye. Zubtsova

ABSTRACT. A thorough description of the hind limb and pelvic muscles of two species of the monotremes
is given. The homology of some muscles is discussed. During terrestrial locomotion the platypus shows a
movement pattern which is optimal for swimming. Locomotion in the monotremes shows specific mechanical
characteristics which differ from those in other tetrapods. Retraction of the femur is one of the main
components of propulsive movement in majority of tetrapods; in sphenodontians, crocodiles, squamates it
canreach more than 70°, and in therians it is 50—70°. In the monotremes the terrestrial locomotion is executed
mainly by pronation of the femur, retraction being no more than 15°. A new hypothesis is proposed on the
tuber calcanei evolutionary changes in the tetrapods. Enlargement of the tuber calcanei is usually believed
to be strictly connected with the increasing role of flexion in the ankle joint. We consider tuber calcanei
primary enlargement to be caused by increasing abduction in the ankle joint which helped the hind foot from
slipping sideways during symmetrical-diagonal gaits in animals with widely extended extremities. Tuber
calcanei enlargement in mammalian ancestors (as well as the analogous structure enlargement in crocodiles)
resulted in increasing load on the lateral toes. In the mammalian evolutionary trend to use asymmetrical gatits,
the primary function of the tuber calcanei changed gradually in a way that it could help increasing flexion in
the ankle joint, transformation came to an end when mammalian extremities became parasagittal in position.
There is an undoubted connection between the tuber calcanei and the fifth metatarsal in Monotremata as well
as many advanced cynodonts.
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Oco6eHHOCTU MyCKynaTypbl 3afHEW KOHEYHOCTU Y MOHOTpeMar:
aHaToMun4yeckoe onucaHume u pyHKUMOHaNbHbLIN noaxon

MN.Mn. raméapsH, A.A. Apucros, A1.M. [lukcoH, I'.E. 3ybuoBa

PE3IOME. JlaeTcs mospoOHOE OnMcaHue MyCKYJIaTypbl TA30BOTO IT0sICa M 33 IHUX KOHEYHOCTEH JIBYX BHJIOB
OJTHOIPOXOIHBIX, TIPOBE/ICHA PEBU3HsI TOMOJIOT MU Psi/ia MBIIIIL. Bo Bpems Ha3eMHOH JIOKOMOIIMH YyTKOHOCA
00HapyKHBaIOTCSI 0COOCHHOCTH JIBH)KEHHSI, KOTOPBIE ONITUMAaJIbHBI IS TUIaBaHus. B TokoMounu ogHOIpo-
XOIHBIX 3aMETHA crenn(uKa MEXaHWKN JIBIDKCHHS, KOTOPash OTIMYAETCS] OT TAKOBOH JPYTHX TETPAro.
Perpakuus 6enpa, oAWH U3 BAKHEHIITNX KOMIOHEHTOB [T OOJBIINHCTBA TeTparo, y Spenodontia, Croco-
dilia, Squamata ipessimaer 70°, a y repueBbix 50°—70°, y 0IHOIPOXOJHBIX BO BPEMsI HA3EMHOM JIOKOMOIHH
3aMelnaeTcsl MpoHanuei, a perpakius ObiBaeT He Oosee 15°. BrimBuraercss HoBas THUIOTE3a O POIIH
ISITOYHOTO Oyrpa B OBOJIOIMOHHBIX M3MEHEHMSX Yy TETparnoj. YIMHEHHE MATOYHOro Oyrpa, 0OBIYHO
CBSI3BIBAIN C YCHJIEHUEM (IEKCHH T'OJICHOCTOIIHOIO CyCTaBa. MBI CUMTAEM, UTO YUIMHEHHE ISATOYHOTO
Oyrpa mepBHUYHO OBUIO CBSI3aHO C AOJYKIMEH B TOJICHOCTOITHOM CYCTaBe, YTO IMOMOTAJIO IPOTHBOCTOSITH
CKOJIBKEHHIO B CTOPOHY IIPH CHMMETPUYHO-MAT OHATIBHBIX IIOXO0/IKaX y JKHBOTHBIX C IIUPOKO PACCTABIICH-
HBIMH KOHEUHOCTSIMHU. [Is1T0uHBIi Oyrop pa3pacTtacs y IpeaKoB MIEKONUTAIONINX (TaK JK€ KaK aHaJIOTHY-
HOe 00pa30BaHHE Y KPOKOIMJIOB), YBEJIMUYMBAs HArpy3Ky Ha OOKOBbIe mHanblbl. [Ipu HabmromaeMoil B
HBOJIFOLIUHM MIIEKOTIUTAIONIMX TEHICHIINH K HCIIOJIb30BaHHUIO aCUMMETPUYHBIX TTOXOJI0K, TIEPBUYHAST (PYyHK-
IUsI TIITOYHOTO Oyrpa MOCTEIIEHHO MEHsUIach B CTOPOHY YBEJIMYEHHS POJH (PIEKCHU T'OJIEHOCTOITHOTO
CyCTaBa, OAHOBPEMEHHO C IIEPEBOIOM KOHEUHOCTEH B MapacaruTTajibHOE moyioxkenne. CynecTByeT HeCoM-
HEHHAs CBSI3b MEXXIY POJIBIO MATOYHOTO Oyrpa M MATOH IUIIOCHEBOH y OAHONPOXOIHBIX, TaK XKe KaK Uy
MHOTHUX IMPOJABHUHYTBIX HUHOAOHTOB.

KJIFOUEBBIE CJIOBA. Monotremata, aHaToMusi, MyCKyJIaTypa, JOKOMOITHSI.

*Alexei A. Aristov of the Saint-Petersburg Zoological Instiute passed away 02.06.2001 (see obiturary in this volume)



2 Petr P. Gambaryan, Alexei A. Aristov, Joan M. Dixon & Galina Ye. Zubtsova

praezyvgapophysis

ther coxae

-~ .
tuberculum m. rectus femoris

tuberculum m. psoas minoris <
weberculum epipubicum lateralis

tuberculum epipubicum medialis —d

. posizygapophysis

posizygapophysis
\

Proc. Iransversus

JOC, IFQRSVErSuS

proc. s

5 Praezygapopiiyvsi:

tuberculum
m. psoas minoris

as epipubis
meberculum
epipubicum
lateralis

tuberculim
epipubicum
medialis

Figure 1. LATERAL VIEW OF THE PELVIC GIRDLE IN TACHYGLOSSUS ACULEATUS (a) AND ORNITHORHYN-
CHUS ANATINUS (b). Abbreviations: for. — foramen; m. — musculus; proc. — processus. Scale bars 1 cm.

Introduction

The organs of locomotion of the monotremes have
been described on many occasions in terms of anatomy
(Meckel, 1826; Mivart, 1866; Coues, 1870; Westling,
1889; Manners-Smith, 1894; Pearson, 1926; Low, 1929;
Jouffroyetal., 1971; Walter, 1988). Nevertheless, there
is still much uncertainty about homology of some mus-
cles as well as the reasons for their peculiar structure.

The anatomical description of the hind limb and
pelvic musculature of two monotreme species, the platy-
pus Ornithorhynchus anatinus (Shaw et Nodder, 1799)
and the short-nosed echidna Tachyglossus aculeatus
(Shaw et Nodder, 1792) is present below. The speci-
mens investigated are housed in the Zoological Institute,
Russian Academy of Sciences in Saint Petersburg (ZIN
85486 and 65487 for T. aculeatus and ZIN 85488 and
85489 for O. anatinus). Functional analysis of these
groups of muscles has been carried out for the animal’s
swimming (the platypus), burrowing (the echidna), and

terrestrial locomotion (both species). On the basis of
muscle topography and functional analysis the questions
of homology of the muscles in the monothremes with
those of some lower tetrapods and higher mammals are
discussed.

Inthe anatomical nomenclature we followed Schaller
(1992), though the hind limb position in monotremes
differs significantly from that of domestic animals, for
example the cranial surface of the femur in monotremes
faces dorsally, and the caudal one ventrally. Some of
morphological terms used in the description are given in
Figs. 1-5. The hind limb muscles are divided into groups
according to Gambaryan (1972, 1974), with few chang-
es. For example, three muscles (mm. obturator externus,
caudofemoralis, and gemellus) are included herein into
the group of short postfemoral muscles. The m. psoas
minor is included into the lumbar group, although this
muscle does not participate directly in the hind limb
movements.

Abbreviations: m. — muscle; mm. — muscles.
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Figure 2. VENTRAL VIEW OF THE PELVIC GIRDLE
IN TACHYGLOSSUS ACULEATUS (a) AND ORNITHO-
RHYNCHUS ANATINUS (b). Abbreviations: for. — fora-
men; m. — musculus. Scale bars 1 cm.

Musculature description

Gluteus group

M. gluteus superficialis in Tachyglossus (Figs. 6,7,
10, 11, 13) arises by an aponeurosis stretched between
the neural spines (processi spinosi) of sacral vertebrae 11
and I'V. At the level of the neural spine of the third sacral
vertebra it dips below the aponeurosis of m. semitendi-
nosus p.vertebralis to insert on the caudal surface of the
distal rugosity of trochanter tertius femoris, distal to the
m. caudofemoralis insertion.

In Ornithorhynchus (Figs. 7, 10, 11, 13) this muscle
arises by an aponeurosis stretched from the caudal third of
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Figure 3. FEMUR IN TACHYGLOSSUS ACULEATUS
(a, ¢) AND ORNITHORHYNCHUS ANATINUS (b, d) IN
CAUDAL (a, b) AND CRANIAL (¢, d) VIEWS. Scale bar 1
cm.

the processus spinosus of vertebra sacralis I1 to the cranial
half of the processus spinosis of vertebra sacralis IV. It
arises as well from the praezygapophysis of the last sacral
vertebra. The insertion is the same as in Tachyglossus.
M. gluteus medius in Tachyglossus (Figs. 6,7, 10,
11, 13) is a complex pinnated muscle in which a proxi-
mal, a distal and an intermediate parts can be distin-
guished. The proximal part arises on the neural spines of
the last two vertebrae lumbales and first two vertebrae
sacrales, and on the superficial fascia of m. sacrocauda-
lis dorsalis. It runs to the top of the trochanter major to
insert onto it by a strong tendon, some fibres of the
intermediate part inserting on the ventral side of the
tendon. The intermediate part arises on the tuber coxae
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by a strong medial tendon which continues as a superfi-
cial aponeurotic sheet. It arises also by muscle fibres on
the m. ala ossis ilii and inserts along the trochanter major
crest. The distal part arises on both the tendinous origin
of the intermediate part and the medial crest of the m. ala
ossis ilii. It inserts by a thick aponeurosis on the distal
rugosity of the trochanter tertius, i.e. on the medial third
of the femur diaphysis.

In Ornithorhynchus (Figs. 6, 7, 10, 11, 13) this
muscle is even more clearly differentiated into three
parts. The proximal part arises on the dorsal half of the
m. ala ossis ilii and on the adjacent outer fascia of m.
sacrocaudalis dorsalis. The intermediate and distal parts
take their origin from the tendon anchoring on the tuber
coxae and from the m. ala ossis ilii crest. These three
parts insert as follows: the proximal part on the upper
point of the trochanter major, the distal one on the
proximal rugosity of the trochanter tertius, and the
intermediate one between them.

Corresponding with the different insertion patterns
of the distal part of the m. gluteus medius the platypus

shows better development of the proximal rugosity of
the trochanter tertius, whereas the echidna has the distal
rugosity better developed (Fig. 3).

M. gluteus profundus in Tachyglossus (Figs. 10,
11, 13) is a tiny muscle. It arises very close to the ilium
tubercle, the last one being the origin of m. rectus
femoris, and surrounds the last muscle from the cranial,
dorsal and caudal sides. It runs to insert narrowly on the
trochanter major crest deep to the m. gluteus medius.

In Ornithorhynchus the m. gluteus profundus is not
present.

It is obvious that due to variability of the gluteus
muscles structure different opinions exist concerning
terminology of certain muscles of this group. In therians
these muscles insert as a rule on the trochanter major and
trochanter major crest which is continuous with the
labium laterale ossis femoris. The m. gluteus superficia-
lis is a muscle forming the most superficial layer which
extends along the labium laterale further downward than
any other gluteus muscles. It occurs very often that the
m. gluteus superficialis becomes continuous with the m.
tensor fasciae latae (Howell, 1926, 1933; Rinker, 1954;
Gambaryan, 1960; Klingener, 1964; Kyou-Jouffroy,
1971; and others). In the monotremes the origin of m.
gluteus superficialis is much reduced, so this muscle
overlays only the most caudal fibres of m. gluteus
medius. In all the therians the m. piriformis arises on the
ventral surfaces of the sacral vertebrae and runs to insert
on the top of the trochanter major deep to the m. gluteus
medius. The m. piriformis is absent in the monotremes.
Coues (1870) mistakenly described the m. gluteus su-
perficialis under the name of m. piriformis. The proper
m. gluteus medius consists of three parts, causing some
misunderstandings. The distal part of the muscle was
described as m. gluteus minimus (Mivart, 1866; Westling,
1889; Walter, 1988), and all three parts of it were named
m. gluteus profundus A, B, C (Low, 1929). The m.
gluteus profundus in therians inserts as a rule on the
cranial edge of the trochanter major and never extends
distally far along the labium laterale ossis femoris, the
whole of the muscle being in fact wrapped up in the m.
gluteus medius which covers it from both the dorsal and
ventral sides. Some investigators (Meckel, 1826; Mi-
vart, 1866; Allen, 1912; Forster, 1918; Walter, 1988)
described the m. gluteus profundus as m. gluteus medius
which we consider to be in error. The m. semitendinosus
p.vertebralis was also mistakenly described as m. glu-
teus maximus and included in the gluteus group (Low,
1929; Walter, 1988). This muscle is included here in the
group of long postfemoral muscles.

Lumbar group

M. psoas minor origin in Tachyglossus (Figs. 11—
13) is on the ventral side of the bodies of the last two
thoracic vertebrae and the first lumbar vertebra, as well
as the superficial fascia of m. quadratus lumborum. The
muscle is divided into right and left parts by crura
diaphragmales anchoring in the middle of the ventral
surfaces of the above mentioned vertebrae. The origin of
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the right crus diaphragmalis spreads down to the cranial ~ vertebrae and the first lumbar vertebra, as well as the
edge of the last lumbar vertebra, that of its mate reaching ~ ventral surfaces of the basal parts of the last two ribs. The
the caudal edge of the same vertebra. From the level of  crus diaphragmalis of the left side anchoring in the
the first lumbar vertebra the ventral surface of m. psoas  middle of the ventral surfaces of the last three thoracic
minor is covered by a superficial aponeurosis which  vertebrae displaces the m. psoas minor attachment from
becomes continuous with a strong tendon running to there. Its mate takes origin two vertebrae centra caudal-
insert on the medial edge of tuberculum psoas minoris.  ly. As in Tachyglossus, at the level of the last thoracic

In Ornithorhynchus the origin of this muscle is on  vertebra the muscle becomes covered by a tendinous
the ventral side of the bodies of the last three thoracic  sheet which is continuous with a tendon running to insert
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on the craniodorsal ridge of tuberculum psoas minoris.
The tubercle is highly prominent, its length being more
than half the length of the ilium.

M. iliopsoas is usually divided into the m. psoas
major, which originates from the centra of the vertebrae,
and m. iliacus arising on the ilium. In therians these two
bundles are very often clearly separated proximally, but

are fused in the most distal part of the muscle. In
Monotremata it is impossible to divide m. iliopsoas into
two parts.

In Tachyglossus (Figs. 11-13) it takes its origin on
the ventral surfaces of the bodies of the last two lumbar
and the first sacral vertebrae, as well as the ventral
surface of the ala ossis ilii. The fibres from the vertebrae
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bodies insert by aponeurosis along the medial edge of
the trochanter minor and the dorsal surface of the labium
mediale ossis femoris, the aponeurosis spreading down
nearly quarter of the femur length. The fibres from the
ala ossis ilii insert on the inner surface of the aponeurosis
and along the labium mediale ossis femoris, distal to the
previous part, where they cover nearly two-thirds of the
femur length.

In Ornithorhynchus (Figs. 6, 10—13) the origin of m.
iliopsoas occupies merely half of the ventral surface of

the lumbar vertebrae adjacent to the last one, extending
from here to the middle of the first sacral vertebra. It
includes as well the ventral aspect of the ala ossis ilii.
The muscle’s insertion occupies the whole of the cranial
surface of trochanter minor displacing the origin of m.
vastus medialis and extending distally to more than a
half of the labium mediale ossis femoris. Such an exten-
sive insertion of this muscle in the monotremes seems to
be unique for all the mammals, as it is usually limited to
the trochanter minor.
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Short postfemoral group

M. caudofemoralis in Tachyglossus (Figs. 7, 10—
13) arises by an aponeurosis on the superficial fascia of
m. sacrocaudalis dorsalis at the level of the transverse
spines of the first two caudal vertebrae. It inserts also by
aponeurosis on the tuberositas proximalis trochanteris
tertius.

In Ornithorhynchus (Figs. 7, 10—13) this muscle
originates by fibres on the fascia which lies between the
m. sacrocaudales ventralis and m. dorsalis, at the level of
the transverse spines of the first caudal vertebra. It
inserts by muscle fibres on the caudal aspect of the
tuberositas proximalis trochanteris tertius where it occu-
pies a rather large surface.

M. pectineus in Tachyglossus (Figs. 11-13) arises
by an aponeurosis on the tuberculum m. psoas minoris
lateral to m. gracilis anterior. The attachment curves

semitendinosus p. vertebralis

ventrally to the cranial edge of the proximal
half of the os pubis. The muscle inserts by an
aponeurosis on the medial third of the labium
mediale ossis femoris.

In Ornithorhynchus (Figs. 11-13) the m.
pectineus originates by muscle fibres on the
dorsomedial surface of the tuberculum m. psoas
minoris caudal to the m. gracilis anterior origin,
then it reaches the base of the tubercle and
extends to the os epipubis joint. The last half of
the muscle’s caudal edge is covered by an
aponeurotic sheet which distally becomes a
tendinous insertion on the caudal aspect of the
labium mediale ossis femoris where it occupies
the medial fifth of its length.

M. adductor longus. The origin in Tachy-
glossus (Figs. 9, 11-13) is located on the os
epipubis lateral to that of m. gracilis anterior. It
occupies nearly half of the ventral surface of
the bone and along the symphysis reaches the
proximal third of the caudal edge of the os
ischium. The broad insertion of the muscle
extends from the medial third of the labium
mediale ossis femoris nearly to the distal end of
the epicondylus medialis where it runs beneath
the ligamentum collaterale mediale.

In Ornithorhynchus (Figs. 9, 11-13) this
muscle arises by two distinct parts. The first
one originates on the medial edge of a special
rugosity of the os pubis close to the pubis-
epipubis joint, the second part occupying the
lateral edge of the rugosity. These parts do not
include any of the symphysial branch of the os
pubis. The first (medial) bundle, at the level of
one-third of its length, is covered by two apo-
neurotic sheets (mediocaudal and caudal). Fi-
nally they become fused to form a single apo-
neurosis inserting on the distal third of the
labium mediale ossis femoris and reaching the
distal point of the dorsal surface of the epi-
condylus medialis. The second (lateral) part of
m. adductor longus inserts by muscle fibres on the
mediocaudal tendinous sheet of the medial part.

M. adductor magnus in Tachyglossus (Figs. 9, 11—
13) arises aponeurotically on the tuber ischiadicus cra-
nial to the m. semimembranosus anterior origin and on
the first half of the caudal edge of the os ischium. It lies
between the m. gracilis posterior on one side and mm.
adductores brevis et longus on the other. The most
caudal fibres insert on the caudal surface of the femur.
The proximal part of the insertion on the surface of the
bone is broad, but narrows distally, the fibres attaching
there between the m. gastrocnemius medialis origin and
m. adductor longus insertion. On the medial epicondyle
m. adductor magnus joins the tendinous insertion of m.
adductor longus.

In Ornithorhynchus (Figs. 9, 11-13) the muscle arises
by a thin aponeurosis which becomes totally fused with
the aponeurotic origin of m. semimembranosus anterior
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and a submerged superficial fascia of m. adductor brevis.
Itinserts by a narrow muscle bundle on the caudal surface
of'the insertion aponeurosis of m. pectineus and stretches
along the labium mediale ossis femoris to anchor on the
ventral surface of the epicondylus medialis. The muscle’s
insertion is fused with the origin of m. gastrocnemius
medialis as well as the caudal part of m. adductor longus.
Some fibres of m. adductor magnus insert also on the
caudal aponeurotic sheet of the latter muscle.

M. adductor brevis arises in Tachyglossus (Figs.
11-13) on the ventral surfaces of the symphysial branch-

es of the os ischium and os pubis, the origin occupying
a surface between the other adductors’ origin and the
foramen obturatum. The muscle inserts by a narrow
aponeurosis on a special rugosity between the insertions
of m. quadratus femoris and m. obturator externus.

This muscle in Ornithorhynchus (Figs. 11-13) aris-
es on the symphysial branches of the os ischium and os
pubis, between the medial edge of the foramen obtura-
tum and the origins of the two adductor muscles de-
scribed here above. It inserts along the medial edge of
the caudal surface of the trochanter major.
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There is still much uncertainty about the adductors’
nomenclature and therefore their homology. It seems
that most of the investigators come to an agreement on
the m. adductor longus topography as this muscle orig-
inates just close to the m. pectineus. As for the m.
adductor magnus and m. adductor brevis, these muscles
were very often incorrectly identified. We consider
therefore that it is reasonable to distinguish these mus-
cles according to their insertion topography. The m.
adductor brevis insertion is the most lateral, it often
occupies the lateral edge of crista trochanterica majoris.
The insertion of m. adductor magnus spreads as a rule
down the caudal surface of the os femur, extending more
and more medially and thus reaching the labium mediale
ossis femoris or even the medial surface of the epicondy-
lus medialis.

If we take the m. adductor brevis pattern of Ornitho-
rhynchus as an example and then replace the origin of
the muscle from the cranial edge of the foramen obtura-
tum onto the tuber ischiadicus, one would get the most
lateral m. adductor pattern, which topographically cor-
responds to that of marsupials, insectivores and rodents
(Dobson, 1882; Elftman, 1929; Rinker, 1954; and oth-
ers). In the men it is only the cranial part of the muscle’s
origin which can still be found and, besides, the proxi-
mal part of m. adductor magnus insertion is situated
lateral to that of m. adductor brevis. Tha man probably
have such a pattern because of their habitual erect
posture as the other primates show another structure of

the m. adductor muscles considered here (Kouy-Jouf-
froy, 1971).

Thus by changing the topographic pattern of m.
adductor brevis in Ornithorhynchus one can model the
muscle variations in the directions of both marsupials,
insectivores, rodents and human beings. It is also prob-
able that m. adductor minimus of the men is homologous
with the caudal fibres of m. adductor magnus of other
mammals.

M. obturator externus in 7achyglossus (Figs. 11-13)
arises on the laterodorsal edge of the foramen obturatum
and then the fibres fan out onto the proximal third of the
caudal surface of the os femur. It inserts by muscle fibres
taking almost rectangular area on the medial part of the
femur surface medial to the m. adductor brevis insertion.

In Ornithorhynchus (Figs. 11-13) this muscle also
takes origin from the laterodorsal edge of the foramen
obturatum caudal to the lateral part of m. adductor
longus. It inserts by muscle fibres on the caudal aspect of
the trochanter minor proximal to the m. caudofemoralis
insertion.

M. quadratus femoris in Tachyglossus (Figs. 10—
13) originates by muscle fibres on the dorsal surface of
the acetabular branch of the os ischium between the m.
gemellus and m. semimembranosus and then it runs to
insert on the caudal aspect of the upper part of the
trochanter major, proximal to the m. adductor brevis.

In Ornithorhynchus (Figs. 11-13) this muscle arises
not only on the dorsal surface of the acetabular branch of



Hind limb musculature in monotremes 13

remelii
8 !

gluteus medius

adductor brevis
candofemoralis

A .
— 7

= pectinets ——

<7
AN
1/
J-'--n."‘ =
‘:\h“i‘::

Wl

= cluteus superficialis

gluteus superficialis
vastus medialis

capsula

'y articularis d

Figure 13. FEMUR WITH THE INSERTION SQUARES OF MUSCLES OF THE HIND LIMB IN TACHYGLOSSUS
ACULEATUS (a,¢) AND ORNITHORHYNCHUS ANATINUS (b, d) IN CAUDAL (a, b) AND CRANIAL (¢, d) VIEWS. Scale

bar 1 cm.

the os ischium but comes as well from the ventrolateral
aspect of the bone. The origin lies between the m.
gemellus and m. semimembranosus anterior. The mus-
cle inserts on the caudal surface of the trochanter major
between its rugosities. This muscle’s insertion borders
on that of m. adductor brevis medially and on that of m.
caudofemoralis distally.

M. gemellus (Figs. 10-13) in both species arises on
the acetabular branch of the os ischium caudal to the
acetabulum and inserts on the caudal aspect of the
trochanter major upper part.

Unlike therians, the monotremes lack the fossa tro-
chanterica which in therians serves for the insertion of
m. gemelli and m. obturatores.

Long postfemoral group

M. semitendinosus pars vertebralis in Tachyglos-
sus (Figs. 611, 14) arises from the neural spines of the
sacral and caudal vertebrae. The origin stretches from
the caudal half of the vertebra sacralis I to vertebra
caudalis III, then, anchoring on the superficial fascia of
m. sacrocaudalis dorsalis, extends to the praezygapo-
physis of the vertebra caudalis IV and the processi
transversi of the vertebrae caudales IV-VI. The cranial
bundles arising from the neural spines are separated
from the caudal ones, the former inserting on the distal
part of the fascia which covers the distal extremity of the
shin. The caudal fibres insert on the dorsal surface of this
fascia and curve onto its medial side where the proximal
part of the insertion becomes continuous with a distinct
tendon anchoring distomedial to the distal part of m.

gracilis posterior insertion. The cranial fibres’ insertion
on the fascia of the shin becomes fused with that of m.
cutaneus maximus, and they stretch together close to the
level of the foot.

The origin of m. semitendinosus pars vertebralis in
Ornithorhynchus (Figs. 6-11, 14, 16, 18, 20, 21, 23)
stretches to the neural spine of the last lumbar vertebra,
the fibres spreading along the fascia erectoris spinae to
anchor on the whole of the laterodorsal surface of the
tuber coxae. It spreads caudally from the neural spine of
the vertebra caudalis I1I along the superficial fascia of m.
sacrocaudalis dorsalis to the praezygapophysis of the
vertebra caudalis IV and the processi transversi of the
vertebrae caudales Il et IV, anchoring along their lateral
edges. The origin of the muscle considered spreads also
along the superficial fascia of m. sacrocaudalis ventralis
to the arcus gemalis between the vertebrae caudales IV
and V. The muscle fibres from such an extensive place
of origin converge to a strong tendon running to the
lateroplantar aspect of the foot (Fig. 18). A tendinous
sheet and an aponeurosis split off from the medial
surface of this tendon. The tendinous sheet runs to the
caudomedial surface of the tendon of m. gracilis poste-
rior, and the aponeurosis inserts on the medial third of
the tibia lateral to m. gracilis posterior. The utmost
cranial bundles insert lateral to the m. semitendinosus p.
ischiadicus. The main tendon becomes considerably
broader over the lateral aspect of the foot and then
inserts on the dorsolateral edge of the fifth metatarsal
and on the dorsomedial edge of the first metatarsal.
When the platypus is swimming, the m. semitendinosus
exertion makes both lateral and medial metatarsal bones
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turn around their longitudinal axes, and the web unfolds
automatically under the water pressure.

M. semitendinosus pars ischiadicus in Tachyglos-
sus (Figs. 7,9, 11, 12, 14) arises together with the m.
semimembranosus anterior on the tuber ischiadicus a
little cranial to the m. biceps femoris. It originates also
on the lateral surface of the aponeurotic sheet of m.

semimembranosus anterior, the origin stretching 13 mm
down along the midline and 7 mm along both the anterior
and posterior borders of the sheet. The insertion is deep
andlateral to the m. gracilis posterior. The insertions of
these two parts of m. semitendonosus are to a certain
degree separated by the insertion of m. gracilis poste-
rior.
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M. semitendinosus pars ischiadicus in Ornithorhyn-
chus (Figs. 7,9, 11-12, 14) arises mediocranial to the m.
biceps femoris on the tuber ischiadicus surface as well as
on the cranial end of the tendinous sheet of m. semimem-
branosus posterior where it occupies 5-7 mm. It inserts on
the caudal surface of the tibia between the m. semimem-
branosus posterior and m. semitendinosus p. vertebralis.

It is probably by the reason of such an extensive
origin of the m. semitendinosus p.vertebralis a certain
amount of misunderstanding exists on this question in
the literature. Some investigators have described the
pars ischiadicus as the whole of the muscle. The pars
vertebralis was described as m. gluteus maximus (Me-
ckel, 1826; Mivart, 1866; Manners-Smith, 1894), m.
flexor cruris (Appleton, 1928; Low, 1929), or m. cruro-
coccygeus (Pearson, 1926; Jouffroy et al., 1971). In
therians, the m. semitendinosus originates as a rule by
two bundles which join each other to form a single unit.
Butin some insectivores the muscle under consideration
is divided into two distinct muscles (Dobson, 1882;
Gambaryan, 1960), both inserting deeper than the distal
part of m. gracilis posterior, thus showing a pattern
which is similar to that of Ornithorhynchus described
above. In Tachyglossus, as it has been shown, these two
parts insert at a rather good distance from each other.

M. biceps femoris in Tachyglossus (Figs. 6,7, 10—
12, 14, 15) arises from the dorsocaudal edge of the tuber
ischiadicus, then runs to the shin to insert by a broad
aponeurosis on the tibia. The cranial part of the apo-
neurosis is distinctly thick and it inserts on the lateral
edge of the patella, lateral surface of the ligamentum
patellae, and lateral aspect of the tibia crest. The apo-
neurosis becomes thinner and inserts on fascial sheets
separating the long extensors of the foot. It inserts most
firmly on the fascia between the m. extensor digitorum
profundus and m. extensor digitorum superficialis, as well
as on the fascia between the latter muscle and m. extensor
hallucis longus. The insertion aponeurosis does not curve
over the m. ibialis anterior to insert the tibia crest.

In Ornithorhynchus (Figs. 6-8, 10—12, 14) this mus-
cle arises from the dorsocaudal edge of the tuber ischi-
adicus and inserts by an aponeurosis. The cranial part of
this aponeurosis inserts on the lateral edge of the patella
and on the outer fascia of m. vastus lateralis. Distally, the
aponeurosis curves over the m. tibialis anterior to insert
the tibia crest, the connection with the fascial sheets
laying between the long extensors of the foot being
extremely weak. In both species of Monotremata exam-
ined no connection could be found between the m.
biceps femoris and the Achilles tendon, which is so
characteristic of the therians.

M. semimembranosus posterior. The origin of this
muscle in Tachyglossus (Figs. 9, 11, 12, 14) is the
anterior border of the aponeurosis which is common
with the m. semitendinosus p. ischiadicus and arises
from the ventral surface of the tuber ischiadicus. The
muscle under consideration inserts on the tibia by a thin
tendon distolateral to the m. semimembranosus anterior
insertion. In one of the specimens examined the muscle

from the left side of the body weighed 20 times less than
the right side muscle, leading to the condition that it may
be totally reduced.

In Ornithorhynchus (Figs. 7,9, 11, 12, 14) it arises
on the tuber ischiadicus cranial to the m. semitendinosus
and inserts on the proximal third of the caudal surface of
the tibia, close to the medial edge of the bone and
between the insertions of the ligamentum collaterale
mediale and m. semitendinosus p. ischiadicus, in the
proximal part the insertion of the muscle being split by
the m. semimembranosus anterior attachment.

M. semimembranosus anterior in7achyglossus (Figs.
7,9, 11, 12, 14) arises on the tendinous sheet of m.
semimembranosus posterior close to the distal part of the
cranial edge of m. semitendinosus which arises from the
same sheet. The muscle inserts caudal and proximal to the
ligamentum collaterale mediale not submerging under it.

In Ornithorhynchus (Figs. 7, 9, 11, 12, 14) this
muscle arises on the tuber ischiadicus and passes onto
the symphysial branch of os pubis situated here lateral to
the m. gracilis posterior. It inserts on the very proximal
end of the caudal surface of tibia, close to the medial
edge of the bone.

M. gracilis posterior in Tachyglossus (Figs. 8, 9,
11, 12, 14) arises on the ventral half of the caudal edge
ofthe os ischium, then its origin along all the symphysis
passes onto the proximal third of the os epipubis. The
insertion is the second quarter of the crista tibialis, closer
to its proximal end and lateral to the ligamentum collat-
erale mediale.

In Ornithorhynchus (Figs. 8,9, 11, 12, 14) the m.
gracilis posterior is divided into three parts: pars anteri-
or, pars intermedia and pars posterior. Pars anterior
arises on the craniomedial edge of the os epipubis, the
origin taking two-thirds of the bone’s length and more
than a half of its width. From the os epipubis the anterior
muscle passes onto the cranial third of the symphysis.
The origin of pars posterior is the caudal third of the
symphysis, the muscle stretching 6 mm further and
becoming fused with the fibres of its mate. The posterior
part originates also on the caudal three-fifths of the os
ischium. Pars intermedia origin is the remainder of the
symphysis (which is not occupied by two previous parts)
and the outer fasciae of both anterior and posterior parts
of the muscle. The posterior and intermediate parts
insert by a tendon which is common both for them and
for the m. cutaneus maximus and m. semitendinosus p.
vertebralis. The tendon inserts on the tibia to begin with
the level of two-thirds of the bone length from its
proximal extremity, the length of the insertion being
one-tenth of that of the tibia. The insertion on the tibia of
the anterior part of the muscle is a narrow strip which
starts from a position located at the level of a quarter of
the tibia length from its proximal extremity and extends
as far as the insertions of the other two parts, the distal
end of this strip being lateral to the latter ones. Unlike in
Tachyglossus, in the platypus the distal part of the
insertion of the pars anterior is medial to the ligamentum
collaterale mediale, such a pattern being characteristic
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of mammals. Thus, the m. gracilis pattern in Tachyglos-
sus is considered to be unique among mammals.

M. gracilis anterior in Tachyglossus (Figs. 8,9, 11,
12, 14, 15) arises on the tuberculum m. psoas minoris
and the cranial edge of the os pubis. The insertion is on
the proximal fifth of the medial edge of the tibia, liga-
mentum patellae, and the cranial surface of the patella.

In Ornithorhynchus (Figs. 8,9, 11, 12, 14) the origin
is on the tuberculum psoas minoris dorsocaudal to the
insertion of the last muscle and cranial to the origin of m.
pectineus. Inserting along the medial broadening of the
tibia crest it nearly reaches the proximal part of the m.
gracilis posterior insertion. Proximally, the muscle in-
serts on the medial side of the ligamentum patellae and
then passes onto the medial edge of the patella.

Extensors of the knee joint

M. rectus femoris in Tachyglossus (Figs. 6—12) is
distinctly separated from the surrounding muscles, name-
ly m. vastus lateralis and m. vastus medialis. [t originates
from a strong tendon on a special tuberosity of the os
ilium very close to the acetabulum, the tendon becoming
continuous with a superficial tendinous sheet which
covers the proximal third of the muscle. The distal part
ofthe muscle is also overlaid by a tendinous sheet which
spreads to the insertion on the patella upper point where
the muscle fibres still can be found under the dense
tendinous covering.

In Ornithorhynchus (Figs. 7—12) this muscle arises
also on the special tuberosity of the os ilium. The distal
partofthe muscle is fused with the m. vastus lateralis and
m. vastus medialis.

M. vastus lateralis in Tachyglossus (Figs. 6, 7, 13)
arises on the lateral half of the cranial surface of the
femur medial to the m. gluteus medius insertion. The
muscle bundle narrows distally to fuse with the m. vastus
medialis.

The origin of this muscle inOrnithorhynchus (Fig.13)
is on the proximal half of the femur above the m. gluteus
medius insertion.

M. vastus medialis in Tachyglossus (Figs. 9, 13)
originates on the dorsal aspect of the trochanter minor
lateral to the m. iliopsoas insertion. When running dis-
tally along the femur it gradually becomes broader. The
distal end of the muscle becomes fused with the m.
vastus lateralis to insert by fibres on the proximal half of
the patella.

The m. vastus medialis in Ornithorhynchus (Figs. 9,
13) is totally replaced by the m. iliopsoas from the
cranial surface of the proximal half of the femur.

All these three muscles in Ornithorhynchus become
fused to insert on the proximal half of the inner surface
of the patella.

Long extensors of the hind foot and toes

Itisnecessary to comment on some anatomical terms
used here as monotremes are characterized by specific
limb position. The tibia lateral edge is the edge adjacent

to the fibula, i.e. to the fibula’s medial edge. The cranial
surface of the tibia (which is the attachment place for the
muscles of this group) corresponds to that of the fibula.
The flattened fibula is characterised by broad cranial and
caudal surfaces and narrow medial and lateral edges.

M. tibialis cranialis in Tachyglossus (Figs. 6-9,
14-16, 19, 20) arises on the cranial surface of the tibia
distal to the attachment of the knee joint bursa, the origin
occupying near a quarter of the bone length. The muscle
overlaps more than two-thirds of the medial side of the
m. extensor hallucis longus origin. At about one-third of
the length along the shin from its distal extremity, the m.
tibialis cranialis becomes continuous with a flat tendon,
which dips under the tendon of m. extensor hallucis
longus. These two tendons submerge together under the
transverse ligament. The insertion of the m. tibialis
cranialis is the dorsomedial aspect of the distal end of the
os entcuneiforme (tarsale I). In the species examined the
distal part of the tibia is the insertion place for the m.
cutaneus maximus which forms here a dense connective
tissue fused with the tibia periosteum. It is this thicken-
ing which the tendons of the long extensor muscles run
through instead of laying, as they normally do, in their
synovial sheaths at the distal part of the shin.

In Ornithorhynchus (Figs. 7, 14, 15, 19) this muscle
originates from two bundles. The first bundle, which is
superficial, arises on the lateral edge of the patella and
then from the ligamentum patelloparafibularis passes
onto the top of the hooked broadening of the processus
parafibularis (=apophysis labelliforme, according to
Jouffroy et al., 1971). In some marsupials and multitu-
berculates, it is the parafibula which inserts on the
proximal end of the fibula. The topography ofthe former
resembles that of the proximal process of the fibula in the
monotremes, and we describe it as processus parafibu-
laris. The second, inferior bundle originates on the
proximal extremity of the tibia, occupying about one-
third of it from the articulation with the fibula. Over the
distal third of the shin the muscle becomes continuous
with a flat tendon running close to the tendon of m.
extensor hallucis longus and then submerging together
with it under the transverse ligament of the shin. The m.
tibialis cranialis inserts on the dorsomedial aspect of the
distal end of the os entcuneciforme (tarsale I).

M. extensor hallucis longus in Tachyglossus (Figs.
14, 15) shows a tendency to be split into two bundles.
The medial bundle arises on the tibia distal to the origin
of m. tibialis cranialis and spreads to the articulation
with the fibula. The lateral one arises on the processus
articularis fibularis, on the knee joint bursa above the
epicondylus lateralis femoris and below the m. extensor
digitorum superficialis, and on the medial edge of the
fibula extending as far as about one-fifth of its length.

At the level of the proximal third of the shin, the
muscle becomes continuous with a thin flat tendon which
is overlaid proximally by the broad tendon of m. tibialis
cranialis. Distally, the thin tendon comes to the surface
and near the distal transverse ligament overlays the broad
one to run to the ungual phalanx of the firsttoe. Atthe level
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of the first phalanx a tendon splits off from it to insert on
the mediodorsal aspect of the ungual phalanx of the
second toe. The remainder (lateral) part of the tendon of
m. extensor hallucis longus inserts on the same phalanx
deeper than the m. extensor digitorum superficialis.

In Ornithorhynchus (Figs. 14, 15, 19) this muscle
originates by two bundles. The superficial one arises on
the processus parafibularis lateral to the m. tibialis
cranialis and medial to the m. peroneus longus, being
anchored on the medial part of the crest between the last

two muscles. The deeper bundle’s origin is the processus
articularis fibularis which bears arched crest. The two
bundles become fused at the level of the proximal third
of the shin and at the level of the distal third of it this
united muscle becomes continued with a tendon which
runs close and parallel to the m. tibialis cranialis and then
overlays it; both submerging under a special transverse
ligament. At the foot, the tendon runs along the medial
edge of the first metatarsal to insert medially on the
ungual phalanx of the first toe.
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M. extensor digitorum superficialis in Tachyglos-
sus (Figs. 14, 15) has its origin on the knee joint bursa
above the condylus lateralis ossis femoris and superfi-
cial to the m. extensor hallucis longus, then runs distally,
taking the proximal two-thirds of the fibula. It becomes
continuous with a tendon which runs under the special
transverse ligament to insert on the ungual phalanx of the
second toe, the tendon splitting off a branch which runs
superficial to the tendon of m. extensor digitorum pro-
fundus to insert on the third toe.

In Ornithorhynchus (Figs. 14, 15, 19) this muscle is
distinctly divided into two bundles which originate
independently. The medial bundle’s origin is the lateral
edge of the arched crest of the processus articularis
fibularis as well as the medial edge of the proximal
seventh of the fibula. The lateral bundle runs proximally
from the arched crest to a place where the m. extensor
hallucis longus joins the m. peroneus longus, all the three
muscles anchoring on the arched crest of the fibula. Both
medial and lateral bundles run to the level of the distal
quarter of the shin where each of them becomes contin-
uous with a tendon, these tendons becoming fused at the
distal extremity of the shin. At the foot, the common
tendon which passes through a special ring-formed
ligament, anchored on a tubercle on the mediodorsal
aspect of the os naviculare (centrale), splits into five
tendons. As this muscle is so distinctly differentiated we
artificially continued splitting the tendon into two parts.
The medial part itself is split into three branches, one of
them running to the second metatarsal and the two others
to the ungual phalanges of the second and third toes. The
last two branches become completely fused with two
tendons which split off from the lateral part. The lateral
part sends in all four branches to the four lateral toes, the
two medial branches becoming merged with those from
the medial part of the tendon. One inserts on the me-
diodorsal aspect of the second metatarsal, from the
middle of the bone to its distal extremity. The other three
insert on sesamoid bones on the dorsal surfaces of the
second phalanges of the II-IV toes, each of the tendons
splitting off branches which one can follow to the ungual
phalanges. On the fifth toe the sesamoid bone is absent,
so the tendon runs directly to the ungual phalanx. On the
toe surfaces these tendons are tightly fused with the joint
bursae and tendons of both m. extensor digitorum pro-
fundus of the II-1V toes and m. peroneus digiti quinti,
the tendons of the last two muscles lying lateral to and
below that of the m. extensor digitorum superficialis.

M. extensor digitorum profundus in Tachyglossus
(Figs. 14, 15) arises on the knee joint bursa above the
condylus lateralis ossis femoris and lateral to the origin
of m. extensor digitorum superficialis, it runs along the
ligamentum parafibulotibialis to insert the medial edge
of the capitum processi parafibulari. Laterally, the mus-
cle is split into two parts, the deeper fibres submerging
under the m. peroneus digiti quinti and the superficial
ones overlaying it. Distally, the muscle arises on the
knee joint bursa, the origin stretching down nearly to
one-third of the fibula, where it is situated lateral to the

m. extensor digitorum superficialis insertion. The flat
muscle reaches the lower part of the shin to run under a
special transverse ligament, being here the most super-
ficial of all the extensors. At the foot, it becomes contin-
uous with a tendon which sends three branches to the
toes. The first branch runs under the tendon of m.
extensor digitorum superficialis to insert on the latero-
dorsal aspect of the first phalanx of the second toe; the
second, broader, one runs also under the tendon of m.
extensor digitorum superficialis to insert on the lateral
side of the ungual phalanx of the same toe deeper than
the m. extensor digitorum superficialis. The third branch,
which is the broadest, runs to insert on the inner surface
of the tendon of m. extensor digitorum superficialis
which, in its turn, runs to the ungual phalanx of the third
toe. A tendon running to the fourth toe can sometimes be
found (Mivart, 1866; Westling, 1889). A thick bundle of
connective tissue from the medial side of the third
metatarsal and the dorsal surface of the first phalanx of
the third toe attaches to the inner surface of the insertion
tendon of m. extensor digitorum profundus to prevent its
moving aside from the surface of the third ray.

In Ornithorhynchus (Figs. 14, 15, 19) this muscle
arises on the processus parafibularis deep to the m.
peroneus digiti quinti and lateral to the m. extensor
digitorum superficialis. At the level about one-half the
length of the shin the muscle becomes continuous with
a tendon which lies in an interosseous space deep to the
tendon of m. extensor digitorum superficialis, and run
together with it under the ring-formed ligament of the
foot which encircles the tendon of m. extensor digitorum
superficialis. Near the level of the ankle joint two tendi-
nous guys, the lateral and medial, split off from the
dorsal surface of the tendon of m. extensor digitorum
profundus. They run superficial to all the extensor ten-
dons, the lateral guy inserting in adipose pad of the hind
foot, and the medial one coming to the plantar aponeuro-
sis. In Ornithorhynchus there is a pad of adipose tissue
at the lateral side of the hind foot, which makes the
plantar surface significantly wider. The tendon itself has
five flat branches running to toes. The fifth toe branch
anchors on the distal extremity of the fifth metatarsal and
on the mediodorsal aspect of the proximal extremity of
the first phalanx of the fifth toe. Each of the four
branches running to the [I-IV toes is split, the deep layer
inserting on the dorsal surface of the proximal extremity
of the first phalanx of the proper toe, and the superficial
one stretching to the ungual phalanx having been an-
chored first on the dorsal sesamoid bone. The tendinous
branch of m. extensor digitorum profundus running
along the first toe underlies the tendon of the m. extensor
hallucis longus, the branches running along the four
lateral toes underlying the proper tendons of the m.
extensor digitorum superficialis. The inner surface of
each tendinous branch inserts closely to the periosteum
and grows together with the joint bursae of the proper
metatarsal and interdigital joints.

M. peroneus digiti quinti in Tachyglossus (Figs.
14, 15) arises from the processus parafibularis medial to
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the m. peroneus longus and lateral to the m. extensor
digitorum profundus, the muscle under consideration
overlapping the m. extensor digitorum profundus origin.
At about the last third of the shin the muscle becomes
continuous with a tendon which runs together with the
tendon of m. peroneus longus under the transverse
ligament of the shin. At the level of the second phalanx
of the fifth toe the tendon of m. peroneus digiti quinti
becomes split, a half of it inserting on the lateral surface
of'the ungual phalanx of'the fourth toe, and the other one
showing the same insertion pattern on the fifth toe. As
the muscle inserts on both the fourth and fifth toes, one
should probably consider the m. peroneus digiti quarti to
be fused with it.

In Ornithorhynchus (Figs. 14, 15, 19) this muscle
arises from the processus parafibularis between the m.
peroneus longus and m. extensor digitorum profundus.
About the distal third of the shin it becomes continuous
with a tendon which runs together with that of the m.
peroneus longus under the transverse ligament. At the
level of the tuber calcanei two strong guys split off from
the tendon, one of them inserting in a tendon which lies
in a basement of the lateral adipose pad, and the other
anchoring on the dorsolateral surface of the proximal
extremity of the first phalanx of the fifth toe. The main
tendon inserts on the ungual phalanx of the fifth toe.
Thus in the platypus the m. peroneus digiti quarti is
totally lacking.

In Ornithorhynchus a special tendon of an extensor
muscle extends to every ungual phalanx from both
medial and lateral sides. The tendon of m. extensor
hallucis longus attaches to the first toe from the medial
side, as do the tendons of m. extensor digitorum super-
ficialis running to the II-V toes. The m. extensor digi-
torum profundus extends to the [-IV toes laterally, and
the m. peroneus digiti quinti from the lateral side to the
fifth toe. InTachyglossus only the tendon of m. peroneus
digiti quinti inserts into the lateral sides of the ungual
phalanges of the fourth and fifth toes. The tendons of m.
extensor hallucis longus insert on the medial sides of the
ungual phalanges of the first and second toes, and the
tendon of m. extensor digitorum superficialis reaches
the middle of the ungual phalanx of the second toe and
the medial side of that of the third toe. The m. extensor
digitorum profundus extends to the lateral sides of the
ungual phalanges of the second and third toes.

M. peroneus longus in Tachyglossus (Figs. 14, 15,
21, 22) arises on the lateral half of the distal end of the
superior crest of the processus parafibularis between the
m. peroneus digiti quinti and m. flexor digitorum fibu-
laris, the origin extending down the fibula for two-thirds
of'its length. At a point of the distal third of the shin the
muscle fibres converge to a tendon which turns through
a special groove of the tuber calcanei to the plantar
surface of the foot, then the tendon runs transversely from
its lateral aspect to the medial to insert distal to all the
tarsals on the plantolateral aspect of the first metatarsal.

In Ornithorhynchus (Figs. 14, 15, 19, 21, 22) this
muscle originates in three bundles. There is a small

thickening on the proximal end of the cranial surface of
the fibula, which is an insertion place of superficial
aponeuroses of some extensors. In the medial third the
thickening curves distally to form a hook, its extension
being an origin of an aponeurosis of the medial bundle
of m. peroneus longus, where the last one borders the
origin of the superficial part of m. extensor hallucis
longus. The medial bundle originates along the edge of
the hook to the lateral end of the latter one. The lateral
and the deeper bundle arises on the lateral edge of
processus parafibularis, the origin spreading down the
edge to the proximal quarter of the fibula. The most
distal fibres border the origin of m. flexor digitorum
fibularis, some of them anchoring on the tendinous sheet
ofthe muscle. Aboutthe level of the proximal third of the
shin all the three bundles mentioned above fuse to form
asingle muscle which in the distal third becomes contin-
uous with atendon. This tendon lies together with that of
m. peroneus digiti quinti deep to the ligamentum trans-
versum and is situated lateral to the malleolus lateralis
and superficial to the ligamentum tibiocalcanei. It then
runs through a special groove of the tuber calcanei to the
plantar surface of the foot, at the level of the middle parts
of all the tarsals, and inserts in the middle of the me-
dioplantar aspect of the first metatarsal.

At the plantar surface of the foot the proximal parts of
the synovial sheath of m. peroneus longus fuse with the
periosteum of the os naviculare (centrale) and the proxi-
mal caput of the os cuboideum (tarsale IV), the distal
parts of the synovial sheath anchoring on the os mesocu-
neiforme, os ectcuneiforme, and os cuboideum (tarsale
IL, IIT, and I'V) and being the most tightly inserted on the
proximal extremity of the fifth metatarsal. It is highly
probable that because of this tight insertion the m.
peroneus longus has been incorrectly reported to split
offatendon which inserts on the fifth metatarsal (Lewis,
1963, 1964, 1989; Szalay, 1993; and others).

The nomenclature of the long extensors of the hind
foot in Monotremata is rather obscure. We consider this
animals, as well as most of the therians, having the
distinct extensor hallucis longus muscle which origi-
nates on the tibia and fibula (in the echidna) or merely on
the fibula (in the platypus). In the therians this muscle
arises in most cases on the tibia or on the interosseous
ligament (Glaesmer, 1910; Abel, 1930; Gambaryan,
1960; Kouy-Jouffroy, 1971; and others). At the very
proximal extremity of the shin this muscle of therians, as
that of the monotremates, often lies together with the
tendon of m. tibialis cranialis deep to the special trans-
verse ligament, which is not connected with the trans-
verse ligaments of the rest of the long extensors. This all
suggests the identification of the muscle under consider-
ation given here to be true. The given identification of
the peroneus muscle group and, in particular, of the m.
peroneus digiti quinti seems also to be without doubt. In
the monotremates, as in the therians, the insertion tendon
(or two tendons) lies lateral to the remaining long exten-
sors of the toes and, together with the insertion tendon of
m. peroneus longus, deep to the special transverse liga-
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Figure 16. CAUDAL VIEW OF SUPERFICIAL LONG MUSCLES OF THE FOOT IN TACHYGLOSSUS ACULEATUS
(a) AND ORNITHORHYNCHUS ANATINUS (b). Abbreviations: fl. — flexor; p. — pars. Scale bar 1 cm.

ment. As for the m. extensor digitorum profundus and m.
extensor digitorum superficialis, their homologies with
the m. extensor digitorum longus of therian mammals
seems to be rather doubtful. The homologization of the
first two muscles in the two species here considered is
also a complicated problem. Manners-Smith (1894)
reported the medial part of m. extensor digitorum super-
ficialis in platypus to be distinctly separated from the
lateral one. This author described the medial part of the

muscle as m. extensor digiti secunda, whereas he consid-
ered the lateral part to be a separate muscle which he
called the m. extensor digitorum superficialis. Such a
misunderstanding leads us to believe that there are two
distinct muscles in platypus instead of one. In the spec-
imens investigated here the insertion tendons of these
two parts of the muscle run through the mutual ring-
formed ligament. That is why we consider the two parts
as belonging to one single muscle. The question of their
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homologies is still uncertain, i.e. is it the m. extensor
digitorum superficialis or m. extensor digitorum profun-
dus which is homologous with the m. extensor digitorum
longus of therian mammals.

We should now try to solve a problem on homologies
of the above mentioned muscles in the two monotreme
species investigated. In the echidna’s ankle joint there
are four transverse ligaments. There are tendons of the
peroneus group muscles below the lateral one. Under the
medial ligament there are tendons of m. tibialis cranialis
and m. hallucis longus, and under the two lying in the
middle there are tendons of m. extensor digitorum super-
ficialis and m. extensor digitorum profundus. In the
platypus only three of these transverse ligaments could
be found. There are the same tendons, as in the echidna,
lying deep to the lateral and medial transverse ligaments,
and under the single one lying in the middle there are
tendons of both two extensors of the toes, so it is quite
probable that these two latter muscles of the platypus are
homologous with the corresponding two of the echidna.
In such a case the only thing in common for these
intermediate muscles of the monotremes investigated
would be their more or less deep insertion. So, it seems
to be quite correct to name them as the m. extensor
digitorum superficialis and m. extensor digitorum pro-
fundus (=m. extensor superficialis digitorum and m.
extensor profundus digitorum, according to Manners-
Smith, 1894). The m. extensor digitorum profundus is
the most superficial muscle of the shin in the echidna
whereas in the platypus it is the deepest one. The m.
extensor digitorum superficialis consists in the echidna
of'a single bundle and only one insertion tendon, where-
as inthe platypus this muscle is composed of two distinct
bundles and five insertion tendons. The m. extensor
digitorum profundus inserts by a single tendon in the
echidna and by five in the platypus.

We cannot agree with the Haines’ statement (Haines,
1939) that the m. extensor digitorum superficialis is
homologous with the m. peronei as this is contrary to the
topography of the former muscle. In therians the inser-
tion tendons of the m. peroneus group muscles in the
distal part of the shin lie as a matter of fact lateral to the
m. malleolus lateralis. The platypus also has two mus-
cles of the peroneus group in this region of the shin. In
therian hind foot the insertion tendons of m. peronei lie
as a rule deep to the tendons of m. extensor digitorum
longus whereas the monotreme’s m. extensor digitorum
superficialis inserts superficial to the remainders of the
tendons of the extensors of the toes. Mivart (1866)
considered the muscle named here the m. extensor
hallucis longus to be the second bundle of the m. tibialis
cranialis (=m. tibialis anticus), and the muscles we call
here m. extensor digitorum superficialis and m. pero-
neus digiti quinti he described correspondingly as the m.
extensor hallucis longus and the second part of m.
extensor digitorum longus (which are the mm. extensor
digitorum quinti et quarti, according to Westling, 1889).

Such considerable differences in the topography of
the long extensors of the hind foot and toes in the

Monotremata could be explained by the following. Dur-
ing platypus swimming it is very important for the hind
foot to turn around its longitudinal axis, this function
being executed mainly by exertion of the m. peroneus
longus; m. tibialis cranialis and m. extensor hallucis
longus also taking part in it. These muscles’ mass in-
creasing (Table 1) results in enlargement of their attach-
ment areas on the shin surface. So the origins of the m.
peroneus longus and m. extensor hallucis longus come to
a contact and overlay the other muscles’ origins. The
platypus, unlike the echidna, shows the deepest pattern
of the m. extensor digitorum profundus. This could be
explained by coming to a contact of functionally the
most significant muscles which overlay the less impor-
tant ones.

Jumping group

M. gastrocnemius lateralis in Tachyglossus (Figs.
14, 16-18, 20, 23) arises by muscle fibres on the prox-
imal extremities of the lateral aspects of the cranial and
caudal surfaces of the processus parafibularis. When
reaching the distal end of the shin the muscle becomes
continuous with a flat tendon which lies deep to the
tendon of m. gastrocnemius medialis. At the level of the
calcaneus both these tendons fuse to form a single one
which inserts on the tuber calcanei, close to the apex.

In Ornithorhynchus (Figs. 14, 16, 17, 19, 20, 23) this
muscle originates also by fibres on a thickening on the
caudal surface of the proximal extremity of the processus
parafibularis and ligamentum parafibulopatellae. Atabout
third of the thickening of the processus parafibularis there
is a distal prominence, the m. gastrocnemius lateralis
aponeurosis anchoring here to the lateral edge of the
prominence. The aponeurosis becomes continuous with
atendinous sheet which covers the proximal third of the
inner surface of the muscle. The outer half of the surface
of the muscle is covered by another tendinous sheet
which in the distal third becomes continuous with an
insertion tendon. Itjoins the tendon of m. gastrocnemius
medialis to insert on the apex of the tuber calcanei.

The recent therians show the same pattern as Orni-
thorhynchus, i.e. the insertion tendon of m. gastrocne-
mius lateralis before joining the Achilles tendon lies
superficial to the tendon of m. gastrocnemius medialis.
It is obviously because of specific position in Tachy-
glossus of the insertion tendon of m. gastrocnemius
lateralis that this muscle has been described as the m.
soleus (Mivart, 1866; Westling, 1889). We support
Meckel’s opinion (Meckel, 1826) and consider this
muscle of the echidna to be named the m. gastrocnemius
lateralis, despite its peculiar topography.

M. gastrocnemius medialis in Tachyglossus (Figs.
13,16-18,20,23) arises above the medial condyle of the
femur; at about the level of the middle of the shin the
muscle becomes continuous with a flat tendon which
runs to join that of the m. gastrocnemius lateralis. The
muscle is also anchored by a thick tendinous guy on the
proximal extremity of the tibia.
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TABLE 1. THE RELATIVE MUSCLE WEIGHT (@) — THE PERCENTAGE RATIO A SINGLE MUSCLE WEIGHT TO THE SUM
WEIGHT OF ALL THE HIND LIMB MUSCLES — AND THE CALCULATED FORCE (b) (IN DYN: 1DYN=10"% NEWTON) PRODUCED
BY THE HIND LIMB MUSCLES IN THE MONOTREMATA. ABBREVIATIONS: EXT. — EXTENSOR; FL. — FLEXOR; P. — PARS.

Tachyglossus | Ornithorhynchus Tachyglossus| Ornithorhynchus
Muscles Muscles
a b a b a b a b

psoas minor 3.7 550 5.5 580 [ gracilis posterior p. anterior - - 3.6 200
iliopsoas 10.6 | 450 6.7 610 | gracilis posterior p. intermedia 5.2 170 45 250
gluteus superficialis 3.0 110 1.8 100 |gracilis posterior p. posterior — - 9.4 540
gluteus medius 12.5 | 630 4.2 600 |popliteus 1.4 110 0.6 110
gluteus minimus 0.4 40 - - rectus femoris 5.8 270 2.7 390
caudofemoralis 1.8 70 0.6 70 | vastus lateralis 3.8 170 1.3 200
obturator externus 0.8 50 0.5 60 |vastus medialis 3.9 230 0.8 130
pectineus 0.5 40 0.6 80 | gastrocnemius lateralis 1.2 80 3.9 520
quadratus femoris 0.9 50 0.7 100 |gastrocnemius medialis 1.5 70 0.7 90
adductor brevis 1.5 110 1.0 140 |tibialis cranialis 0.8 40 1.5 160
adductor magnus 41 240 1.1 140 |ext. digitorum profundus 1.2 30 0.3 60
adductor longus 2.8 140 4.0 440 |ext. hallucis longus 1.3 50 1.6 160
biceps femoris 5.3 140 4.5 250 |ext. digitorum superficialis 0.9 50 0.6 70
semitendinosus p. ischiadicus | 2.5 80 2.8 180 | peroneus longus 0.8 50 2.1 190
semitendinosus p. vertebralis | 4.6 90 16.3 720 | peroneus digiti quinti 0.7 40 0.6 40
semimembranosus anterior 5.7 210 4.0 340 |tibialis caudalis 3.2 220 1.7 260
semimembranosus posterior | 0.8 10 21 190 |fl. digitorum tibialis 1.0 50 1.0 100
gracilis anterior 3.1 140 2.3 220 |fl. digitorum fibularis 2.6 160 3.5 490

In Ornithorhynchus (Figs. 13, 16, 17, 20, 23) the
muscle origin pattern is the same as in the echidna, some
fibres arising on the proximal part of the tibia. It inserts
by a tendon which is common for this muscle and the m.
gastrocnemius lateralis, the insertion being on the mid-
dle of the top of the tuber calcanei, between the tubercles
which border a groove for the m. flexor digitorum
fibularis to pass.

M. popliteus in Tachyglossus (Figs. 14, 16, 17) arises
alongthe cranial border of the medial aspect of the proximal
extremity of the processus parafibularis. The insertion is on
the proximal quarter of the medial aspect of the tibia, ata
small distance from the insertion places of the m. semi-
membranosus and m. semitendinosus p. vertebralis.

In Ornithorhynchus (Figs. 14, 16, 17) this muscle
arises along the medial edge of the processus parafibu-
laris, the origin being distal to that of the m. gastrocnemius
lateralis. From here the origin of the m. popliteus extends
down along the ligamentum parafibulopatellae to the
patella and further distally onto the process articulating
with the tibia, lateral to the joint bursa. The insertion is on
the caudal aspect of the tibia medial to the m. semimem-
branosus and m. semitendinosus p. ischiadicus.

M. peroneotibialis could be found only in Tachy-
glossus (Fig.17). It takes nearly all the interosseous
space and is separated from the m. popliteus by popliteal
nerve branch. The origin of the muscle extends to the
distal quarter of the fibula, the insertion extending to the

distal sixth of the tibia. Two last muscles were added into
this group artificially.

Long flexors of the hind foot and toes

We think necessary to give a description of the
aponeurosis plantaris first.

The aponeurosis in Tachyglossus (Figs. 17, 18) is
split into two layers. The superficial one anchors distal
to the m. peroneotibialis on the caudal surfaces of the
distal extremities of the fibula and tibia. In the proximal
part of the foot it is thickened transversely and anchors
along the medial edge of the first toe, to the ungual
phalanx, and on the lateroplantar edge of the tuber
calcanei. From the distal part of the thickening to the
lateral and medial edges of the three middle toes and to
the medial side of the fifth toe there are guys of connec-
tive tissue running which are getting thicker above the
synovial sheaths of the insertion tendons of m. flexor
digitorum fibularis. The deep layer of the aponeurosis
plantaris anchors on the lateral edge of the tibia and the
medial edge of the tuber calcanei to form a transverse
arch, the inner surface of it merging with the tendon of
m. flexor digitorum fibularis.

In Ornithorhynchus (Fig. 18) the proximal part of
the single-layered aponeurosis plantaris looks as if it
were a continuation of the m. semitendinosus p. verte-
bralis. The most robust part of the aponeurosis reaches
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Figure 17. CAUDAL VIEW OF DEEP LONG MUSCLES OF THE FOOT IN TACHYGLOSSUS ACULEATUS (a, b) AND
ORNITHORHYNCHUS ANATINUS (¢). a, ¢ — the second layer; b — the third layer. Abbreviation: fl. — flexor. Scale bars 1 cm.

the medial edge of the first metatarsal to insert on it.
From the distal end of the tendon of m. semitendinosus
p. vertebralis there are some guys running which are
formed out of loose connective tissue to be easily ex-
tended, with adipose cells included. In the intertarsal and
interdigital areas these guys are split to form vertical
septa stretched vertically between the inner surfaces of
the dorsal and plantar skin cover of the foot. From the
lateral edge of the tendon of m. semitendinosus p.
vertebralis one more (inner) plate of the aponeurosis
plantaris splits off which inserts on the distal tubercle of
the plantar surface of the tuber calcanei. On the distal
end of the inner aponeurotic plate the superficial part of
the m. abductor digiti quinti brevis and m. quadratus
plantae have been inserted. Superficial to these two

muscles there are two guys of connective tissue running
to the base of the lateral adipose pad of the hind foot. One
of the gyus stretches over the pad to insert in a marginal
part of the skin cover, the other, distal one, inserting in
the middle part of the adipose pad. Here a plate of
connective tissue is formed to run along the lateral edge
of the fifth metatarsal and the phalanges of the fifth toe.
The plate’s insertion is on the distal eminence of the
tuber calcanei and the distal extremity of the second
phalanx of the fifth toe. From the lateral side superficial
to the plate the adipose pad is situated which makes the
hind foot broader.

M. tibialis caudalis in Tachyglossus (Figs. 14, 16—
18, 20-22) arises both on the caudal surface of the
proximal end of the processus parafibularis, lateral to
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the place of origin of the m. popliteus, and the fibula
where it occupies three-quarters of the bone, being situat-
ed lateral to the m. peroneotibialis. At about the level of
the distal two-thirds of the shin the caudal surface of m.
tibialis caudalis is seen to be covered by a tendinous sheet
which is gradually getting thicker and at the level of the
ankle joint becomes continuous with a broad flat tendon
whose margins are somewhat elevated. There is a syn-
ovial sheath of the m. flexor digitorum tibialis on this
broader one. The m. tibialis caudalis inserts on the
medial tubercle on the plantar surface of the astragalus.

This muscle in Ornithorhynchus (Figs. 14, 16, 17,
20, 21) arises between the m. flexor digitorum fibularis
and m. flexor digitorum tibialis on the caudal aspect of
the fibula, the origin stretching along the medial edge of
the fibula to more than three-fifths of the bone length.
The caudal surface of the muscle is concave. About the
level of the middle of the shin there appears a tendinous
covering on the muscle surface, which at the level of the
ankle joint becomes continuous with a broad tendon
bearing, as in Tachyglossus, a synovial sheath of the m.
flexor digitorum tibialis. Both tendons run below the
spur base, that of the m. tibialis caudalis inserting on the
distal end of the calcaneus.

M. flexor digitorum tibialis in Tachyglossus (Figs.
14, 16-18, 20) arises on the laterocaudal and lateral

aspects of the proximal extremity ofthe processus parafib-
ularis medial to the m. gastrocnemius lateralis. About
the level of the middle of the shin the muscle bundle
becomes continuous with a thin flat tendon lying on the
surface of the tendon of m. tibialis caudalis in a special
groove. Both tendons lie deep to the transverse ligament
of the distal extremity of the shin. The m. flexor digi-
torum tibialis inserts by a broad aponeurosis on the
medial edge of the first toe and sends as well tendinous
guys to the tuber calcanei, the proximal end of the
laterodorsal aspect of the fifth metatarsal, and transverse
tendinous ligaments of metatarsal joints of the fourth
and fifth toes. The insertion has become broader to fuse
with the deeper plate of the aponeurosis plantaris which
probably led to that the m. flexor digitorum tibialis of the
echidna has been mistaken by some authors for the m.
plantaris (Mivart, 1866; Westling, 1889).

This muscle origin inOrnithorhynchus (Figs. 14, 16,
17,20) is the proximal end of the processus parafibularis
between the m. popliteus and m. tibialis caudalis, from
where it spreads down to the distal end of the processus
articularis fibularis. About the level of the second third
of the shin, the flat muscle bundle becomes continuous
with around thin tendon which lies in the synovial sheath
anchored on the surface of the tendon of m. tibialis
caudalis. It runs to the medial side of the foot and passes
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below the spur base to insert by a broadening on the
plantar surface of the medial sesamoid which is probably
homologous with the prachallucis.

M. flexor digitorum fibularis in Tachyglossus
(Figs. 14-18, 20, 23). Its origin is the proximal end of
the processus parafibularis distal to the m. gastrocne-
mius lateralis, as well as the lateral edge and more than
two-thirds of the cranial surface of the fibula, whereas on
the caudal surface of the bone it takes just a narrow
stripe. The caudal surface of the bundle for about one-
halfofthe muscle length is covered by a tendinous sheet
which gradually becomes continuous with a flat tendon
running along the medial aspect of the tuber calcanei to
the foot. At the foot this tendon forms a plate which is
split into five tendons running to insert on the ungual
phalanges of the toes. On the plantar surface of the toes
every tendon passes through a special synovial sheath,
these merging the aponeurosis plantaris. The insertion
tendon of m. quadratus plantae anchors on the dorsal
surface of the tendon running from the plantar surface
of the tendinous plate to the fifth toe. The fifth-toe
tendon has been described also by Mivart (1886),
whereas neither Lewis (1963) nor Jouffroyezal. (1971)
mentioned it.

The m. flexor digitorum fibularis in Ornithorhyn-
chus (Figs. 14, 15, 17, 18, 20, 21, 23) arises by an
aponeurosis well below the broadening of processus

parafibularis and distal to the m. gastrocnemius lateralis.
(The aponeurosis then turns into an inner tendinous
sheet spreading to one-third of the muscle). Its origin
also stretches along the lateral edge of the process, then
becomes considerably broader on the fibula occupying
the whole of the caudal surface of its proximal part. It is
getting narrower when spreading downward to the level
of one-half of the bone. Its attachment includes also
some of'the cranial surface of the fibula, spreading to the
distal third of the bone length. From about half way
along the muscle the fibres are covered by a tendinous
sheet. At the distal third of the shin the latter becomes
continuous with a tendon running medial to the plantar
eminences of the tuber calcanei, where the tendon be-
comes much broader. From the tuber calcanei a strong
ligament comes to the inner surface of the broadened
tendon to keep the latter one in a special deepening on
the tuber surface. The short muscles of the hind foot (see
below) attach on both the inner and outer surfaces of the
broadening. Distally the tendon of m. flexor digitorum
fibularis becomes split into five tendons running to the
ungual phalanges of all the toes, their synovial sheaths
become thicker above the metatarsal joints of the four
medial toes and I-II phalanges’ joints of the three
middle toes. The synovial sheaths become thicker above
the sesamoid bones of the toe joints, the ring-shaped
ligaments being formed here.
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Short muscles of the hind foot

Extensor digitorum brevis is lacking in the
Monotremata.

Three main groups of the short flexors of the hind
foot can be distinguished in Tachyglossus, namely the
muscle group which is connected with the tuber calcanei
and the two others (the superficial and the deep ones)
which originate on the plantar surface of the deep apo-
neurosus of the sole.

These muscle patterns in Ornithorhynchus are more
complex, especially those of the deep group. There are,
besides the three main groups mentioned above, two
additional muscles in the platypus, which arise from the
plantar surface of the insertion tendon of m. flexor
digitorum fibularis and which are probably homologous
with the m. flexor digitorum brevis intermedii of therian
mammals.

In Tachyglossus there are four muscles included
into the group connected with the tuber calcanei, name-
ly the m. flexor digiti quinti brevis, m. abductor digiti
quinti, m. abductor metatarsi V, and m. quadratus
plantae.

Flexor digiti quinti brevis in Tachyglossus (Figs.
17, 18, 20) arises on the distal process of the tuber
calcanei and adjacent part of the aponeurosis plantaris,
the latter connected with a tendinous broadening which
lies at the base of the lateral callosity. The muscle
under consideration inserts on the plantar aspect of the
broadened distal extremity of the second phalanx of the
fifth toe, lateral to the synovial sheath of m. flexor
digitorum fibularis.

In Ornithorhynchus this muscle is lacking.

M. abductor metatarsi V was found in the Mono-
tremata. Its origin in Tachyglossus (Fig. 23) is the lateral
aspect of the tuber calcanei and the inner surface of the
tendinous plate underlying the heel callosity. The inser-
tion is on the lateral side of the distal part of the fifth
metatarsal.

In Ornithorhynchus (Figs. 22, 23) the origin of this
muscle is a branch of the insertion tendon of m. semiten-
dinosus p. vertebralis and the adjacent edge of the tuber
calcanei. The insertion is on the lateral edge of the
proximal extremity of the fifth metetarsal.

M. abductor digiti quinti in Tachyglossus (Figs.
18, 20, 23). The origin of this muscle is close to that of
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the m. abductor metatarsi V, on the upper point of the
tuber calcanei and the tendinous sheet underlying the
heel callosity. The insertion is on the lateral edge of the
first phalanx of the fifth toe.

In Ornithorhynchus (Figs. 17, 18, 20-23) this mus-
cle arises from the branch of the insertion tendon of m.
semitendinosus p. vertebralis, superficial to the m. ab-
ductor metatarsi V, and inserts on the lateral edges of the
first and second phalanges of the fifth toe and of the
distal extremity of the fifth metatarsal.

M. quadratus plantae (=m. flexor accessorius, ac-
cording to Lewis, 1989) in Tachyglossus (Figs. 20, 21,
23) arises on the lateral edge of the tuber calcanei
proximal to the m. abductor metatarsi V. The muscle

bundle is located closer to the plantar surface of the foot
than the tubercle. The fibres insert on the plantolateral
side of that one of the tendons of m. flexor digitorum
fibularis which runs to the fifth toe and then passes
deeper to insert on the tendon leading to the fourth toe.

This muscle inOrnithorhynchus (Figs.21,23) arises
on the distal edge of the dorsal surface of the tuber
calcanei and inserts on the dorsal surface of the common
tendon of m. flexor digitorum fibularis.

In therian mammals the m. quadratus plantae arises
generally, as in the monotremes investigated, on the
lateral aspect of the tuber calcanei. But in therians the
muscle arises from the plantar surface of the tuber calca-
nei. Itis probably preferable to consider the dorsal surface
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of the tuber calcanei of Monotremata as corresponding
with the plantar surface of the tubercle of Theria.

In Ornithorhynchus there are two more muscles
which also originate on the tuber calcanei. These are two
bundles of the m. flexor digiti quarti brevis (Figs. 17,20)
which insert on the lateral and medial sides of the
transverse ligament keeping the insertion tendon of m.
flexor digitorum fibularis in the deepening on the tuber
calcanei surface (see above).

In Ornithorhynchus there are two muscle bundles
originating on the plantar surface of the common tendi-
nous plate of m. flexor digitorum fibularis (Fig. 17, 20)
and inserting on the transverse ligaments of the metatar-
sal joints, that is, on the lateral side of the ligament over
the third toe and on the medial side of the ligament over
the second toe. Both muscles and the previously de-
scribed two bundles arising on the tuber calcanei have
been reported as the m. flexor brevis digitorum perfora-
tus (Manners-Smith, 1894). In fact, the origin pattern of
the bundles of m. flexor digiti quarti brevis is similar
with that of the m. flexor digitorum brevis (=flexor
perforatus) of some therians. However, the muscles aris-
ing from the surface of the common tendon of m. flexor
digitorum fibularis can scarcely be homologous with the
m. flexor digitorum brevis, and should be named the m.
flexor digitorum intermedii (Aristov, 1990).

The group of muscles originating on the surface of the
deep aponeurosis of the hind foot is probably homologous
with the m. contrahentes of reptiles, as the topography
patterns of the muscles mentioned have many similarities
with the echidna and reptiles. In reptiles the m. contra-
hentes arise superficial to (closer to the plantar surface)
the m. interossei and insert on the medial sides of the first
phalanges of all the toes. In Tachyglossus (Figs, 20, 21)
there are four muscles arising on the deep aponeurosis
plantaris at the level of the tarsalia III which insert on the
medial sides of the second phalanges of the II-V toes.

M. contrahentes in Ornithorhynchus (Figs. 20-22)
arise by a common aponeurosis on the plantar tubercle
of the naviculare (centrale). From the most superficial
layer of the aponeurosis m. contrahentis digiti quinti
takes its origin and inserts on the medial sides of the
distal extremity of the fifth metatarsal and the first and
second phalanges of the fifth toe, extending to the distal
end of the latter. The m. contrahentes digiti Il et IV arise
from the second and third layers of the aponeurosis from
where they run to insert medially on the metatarsal bones,
the first phalanges and the proximal extremities of the
second phalanges of the third and fourth toes. The m.
contrahentis of the second toe in the platypus is absent.

M. abductor hallucis brevis in Tachyglossus (Figs.
20, 21) originates on the medial border of the muscle
bundle of m. contrahentis of the second toe and inserts
on the medial side of the proximal extremity of the first
phalanx of the first toe.

In Ornithorhynchus (Figs. 20-22) the muscle origi-
nates by an aponeurosis which is common to that of the
m. contrahentes and inserts on the medial side of the
proximal extremity of the first phalanx of the first toe.

M. flexor hallucis brevis in Tachyglossus (Figs. 21,
22) arises on the plantar surface of the insertion tendon
of m. peroneus longus and inserts on the ungual phalanx
of the first toe.

In Ornithorhynchus (Fig. 22) the muscle originates
beneath the m. adductor hallucis brevis from the com-
mon aponeurosis and inserts on the lateral part of the
metatarsal sesamoid of the first toe.

M. adductor hallucis brevis in Tachyglossus is
lacking.

In Ornithorhynchus (Figs. 20-22) it arises from the
common aponeurosis between the origins of the m.
abductor hallucis brevis and m. contrahentis of the
fourth toe and inserts on the lateral side of the proximal
extremity of the first phalanx of the first toe.

The deepest group of the short muscles of the hind foot
in the Monotremata (Figs. 21, 22) is represented by the
interossei muscles. They are three in Tachyglossus and
they arise from a deep aponeurosis at the level of the distal
extremities of the tarsalia. The m. interossei insert on the
medial side of the proximal extremity of the first phalanx
of the third toe, and the medial and lateral sides of the
proximal extremity of the first phalanx of the second toe.

The m. interossei of Ornithorhynchus (Figs. 19, 21,
22) are difficult to compare with those of Tachyglossus
and therians. We consider the platypus to have three
bundles of the m. interossei dorsales (Fig. 19). The m.
interosseus dorsalis II arises on the dorsal surface of the
third metatarsal and dorsolateral edge of the second
metatarsal and inserts on the dorsolateral edges of the
proximal and distal extremities of the first phalanx and
the proximal extremity of the second phalanx of the
second toe. The m. interosseus dorsalis I1I arises on the
dorsal surface of the fourth metatarsal, the insertion
pattern on the third toe being the same as that of the
previous bundle. The m. interosseus dorsalis IV arises
on the dorsolateral surface of the fourth metatarsal and
inserts on the dorsal surface of the proximal extremity of
the first phalanx of the fourth toe. From the proximal
extremities of the fourth and fifth metatarsals a tendon
arises, its insertion pattern being the same as those of the
insertion tendons of m. interossei dorsales Il et I1I on the
fourth toe. In addition to this, from the medial edge of the
proximal end of the second metatarsal to the dorsal
surface of the first phalanx of the first toe there is a
tendon which extends to merge with the insertion tendon
of m. adductor hallucis brevis (Fig. 20).

M. interossei plantares are represented by two groups
of muscles. The first one consists of four long narrow
muscle bands which originate on the plantar surfaces of
the tarso-metatarsal joint bursae, the two of them inserting
on the lateral surfaces of the second phalanx of the fourth
toe and the first phalanx of the third toe,and the other two
inserting on the medial surfaces of the first phalanx of
the third toe and the first and second phalanges of the
second toe (Fig. 22). The second group consists of three
broad short muscles which arise on the plantar surfaces
of the three middle metatarsal bones and insert on the
metatarsal sesamoid bones of the II-1V toes.
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The adductor muscles of therians have been thought
to be homologous with the m. contrahentes of reptiles
(Ribbing, 1938; Jouffroy & Lessertisseur, 1959; Kyou-
Jouffroy, 1971; and others). But the m. contrahentes
should be referred to as a group of short muscles insert-
ing on the medial sides of all the toes. In terrestrial
locomotion of animals with widely extended extremities
these muscles keep the hind foot from turning laterally
during support phase. When gradually the primitive
therian extremities become parasagittal in position, the
forces disappear which tend to turn the hind foot lateral-
ly. To increase the support it is necessary to prevent
moving apart toes. The m. contrahentis III disappears
and some muscles come to insert on the lateral sides of
the first and second toes. The muscles inserting on the
fourth and fifth toes are without any doubt homologous
with the m. contrahentes of reptiles and monotremates.
But the muscles of the same layer inserting on the lateral
sides of the first and second toes are most likely derived
from the m. interossei. The above description on the
complex structure of the m. interossei in the platypus
could illustrate a possible transformation of the m.
interossei into the m. adductores. This is preferable to us
the name m. adductores when dealing with therians, and
that of m. contrahentes when discussing reptiles or
monotremates.

Hind limb peculiar action in Monotremata

Hind limb structure in the monotremes is a result of
their peculiar locomotion. In both the short-nosed echid-
nas (Tachyglossus) and the long-nosed echidnas (Za-
glossus) the hind limb specific morphology is a result of
burrowing specialization of these animals whereas in the
platypus, swimming defines the structure. To analyse
platypus hind limb movement we used a film of this
animal swimming under water.

Unfortunately, filming did not permit us to form a
judgement about the echidna’s hind limb action during
loosening the ground as the extremities of the burrowing
animal would be completely hidden by the body spiny
covering. In an emergency echidnas burrow straight
down with remarkable speed using both hind and fore
feet supplied with strong curved claws so that the animal
body is seen to rotate rapidly in different directions
around the vertical axis.

To realize how the echidna’s limbs and bones move
and the muscles function during burrowing we had touse
the published data on X-ray filming of the echidna
(Jenkins, 1970; Pridmore, 1985).

The different specialisation patterns of the two
monotreme species investigated result in differences in
their hind limb muscle structure and degree of robust-
ness. To estimate these differences we used relative
muscle weight, i.e. the percentage ratio a single muscle
weight to the sum weight of all the hind limb muscles,
and the muscle robustness expressed by physiological
cross-section (Table 1). The data obtained show the
influence of the platypus swimming habits upon its hind
limb morphology.

The main differences in hind limb movements in the
monotreme species are as follows: in the propulsive
phase the platypus’ femur is directed to the sagittal plane
atalarger angle than that of the echidna and, besides, the
distal extremity of the femur in the platypus is situated
considerably more dorsal to the acetabulum. The platy-
pus’ femur moves in such a way as at the end of the
propulsive phase to be situated somewhat ventral to a
horizontal plane drawn through the acetabulum. The
distal extremity of the echidna’s femur at the beginning
ofthe propulsive phase is situated a little higher than the
acetabulum, and at the end of the phase it finds itself
considerably ventral to it. So during terrestrial locomo-
tion the echidna’s body raises up noticeably higher
above the plane of support than that of the platypus.

It should be mentioned that at the beginning of the
propulsive phase the platypus’ shin is vertically direct-
ed, whereas in the echidna it is inclined cranially and at
the end of the phase the knee looks forward. The distal
extremity of the shin of the platypus moves to a shorter
distance caudally than that of the echidna, so the platy-
pus’ shin shows more restricted horizontal mobility than
the echidna’s.

To realize and estimate the echidna’s hind limb
action we put the hind extremity skeleton in two such
positions, at the beginning and the end of the propulsive
phase, based on the published X-ray film data (Jenkins,
1970; Pridmore, 1985). The muscle lengths in both
positions were measured, as well as the lever arms of the
forces produced by the pelvic joint muscles during
retraction, protraction, abduction, adduction, pronation,
and supination of the femur, the opposite movements
being marked by "+ and """ signs.

Asitcanbe seen, the gluteal, long and short postfem-
oral muscles contract during the propulsive phase, all
being synergists, and the m. iliopsoas alone as their
antagonist.

The m. gluteus superficialis, m. gluteus medius and
m. pectineus would shorten during the retraction of the
femur, they are getting no longer. It means that the main
function of these muscles is pronation of the femur in the
pelvic joint. As a result of these muscles’ exertion in the
propulsive phase the femur moves in such a way that
both of its condyles change their position from horizon-
tal to a vertical. The hind limb becomes bent in the knee
joint, the distal extremity of the shin moving backward
relatively to the acetabulum.

The femur of the echidna is flattened and the caput
femoris replaced somewhat medially, such a structure
promoting larger pronation. So the rotation axis of the
femur is situated close to the medial edge of the bone. The
flattened form of the femur results in increasing the lever
arms ofthe forces produced by the muscles. Inserting on the
lateral edge of the bone (the mm. gluteus medius, gluteus
superficialis, caudofemoralis), and decreasing the lever
arms and therefore the pronation action of the m. iliop-
soas. Pronation is executed also by the adductor muscles
inserting on the epicondylus medialis. In the echidna the
epicondyle is elongated medially thus increasing the
lever arms of the forces produced by the adductors.
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TABLE 2. SOME DATA ON BIOMECHANICAL CHARACTERISTICS OF THE PELVIC JOINT MUSCLES IN TACHYGLOSSUS AT THE BE-
GINNING (b) AND THE END (e) OF THE PROPULSIVE PHASE DURING TERRESTRIAL LOCOMOTION. ABBREVIATION: P. — PARS.

The lever arms of the muscles executing the actions of
The muscle Change of the retraction abduction pronation
Muscles length, mm .muscle length, (+) (+) (+)
le. percentage protraction adduction supination
ratio "e” to "b” 0 0 0
b e b e b e b e
iliopsoas, upper border 35 42 120 -6 -8 -5 0 -5 -1
iliopsoas, lower border 28 39 139 -28 =21 -22 -4 -2 -2
gluteus superficialis 58 58 100 -2 -1 +12 0 +11 +10
gluteus medius, upper border 60 42 70 -1 +1 0 +2 +2 +17
gluteus medius, middle part 47 32 68 =17 -16 +1 +12 +1 +18
gluteus medius, lower border 41 36 88 =27 -26 +2 +5 +2 +13
pectineus 23 21 91 -3 +2 -10 -5 +1 -1
quadratus femoris 35 32 91 0 +1 +1 -5 0 -2
adductor brevis 38 37 97 +8 +8 0 —4 0 0
adductor magnus 70 62 89 +3 +19 -2 —4 0 +1
adductor longus 65 55 85 +13 +19 -17 -5 +1 +1
caudofemoralis 48 48 100 +4 +3 +7 +8 +10 +4
semitendinosus p. vertebralis 95 88 93
semitendinosus p. ischiadicus 87 76 87
semimembranosus anterior 73 70 96
semimembranosus posterior 80 73 91
gracilis anterior 50 40 80
gracilis posterior 81 72 89
biceps femoris 93 78 84

It can be seen from the X-ray film showing the
platypus swimming (Jenkins, 1970; Pridmore, 1985)
that during the propulsive phase the pelvis moves straight
forward in a horizontal plane. But when dealing with
usual films available to us we noticed that the longitudi-
nal axis of the pelvis would move aside from the sagittal
plane. So to estimate the deviation of the pelvic girdle
from the support point of the hind foot we used both
variants, the first according to which the pelvic girdle is
moving straight forward, and the second showing that
during the symmetrical gaits at the beginning of the
propulsive phase the anterior end of the pelvis longitu-
dinal axis is directed laterally relative to the support
point, the direction becoming opposite at the end of
propulsion. The deviation of the longitudinal axis has
been taken as 10° in both directions. To measure the
angles, the following points of the pelvic girdle have
been chosen: the acetabulum, the upper anterior border
ofthe neural spine of the vertebra sacralis I, and the tuber
coxae; The upper point of the tuber calcanei has been
taken for the support point of the hind foot. The data
obtained are given in Table 3.

Deviation of the longitudinal axis of the pelvis from
a straight line which is characteristic of symmetrical
gaits, results in increasing pace angle and therefore
increasing body movements relatively to a support point.
According to the film data during terrestrial locomotion
the echidna and platypus bend markedly both the ante-
rior and posterior parts of the body.

The platypus feeds mainly on the bottom of freshwa-
ter streams or lakes, proceeding to the surface when
breathing becomes necessary. According to all the film
data at our disposal, when the animal is rising to the
surface its feet move backward and forward. The stron-
gest propulsion occurs when the hind limb bent in the
knee joint and extended in the ankle joint, and the web
unfolded (see detailed description).

Pronation of the femur in the pelvic joint in Tachy-
glossus is of much importance during terrestrial locomo-
tion, this being therefore in strict connection with greater
robustness of such muscles as mm. gluteus superficialis,
gluteus medius, caudofemoralis and the peculiar femur
morphology. In Ornithorhynchus it is knee joint bend
that is of prime importance in swimming. As a result, in
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TABLE 3. VARIANTS OF ANGULAR DEVIATIONS OF SOME POINTS OF THE PELVIC GIRDLE DURING THE PROPULSIVE
PHASE AS MEASURED RELATIVE TO THE TUBER CALCANEI APEX (a — THE PELVIC GIRDLE MOVES STRAIGHT; b—
THE LONGITUDINAL AXIS OF THE PELVIC GIRDLE MOVES ABOUT 10° FROM THE SAGITTAL PLANE).

Angle value, in degrees
Structure Tachyglossus Ornithorhynchus
a b a b
Acetabulum 73 88 52 80
upper anterior border of the neural spine of vertebra sacralis | 46 61 34 63
tuber coxae 42 55 25 47

Tachyglossus the sum relative weight of the pelvic joint
pronators is 17.3% whereas in Ornithorhynchus it is
only 6.4%. But the calculated force (estimated through
physiological cross-section of a muscle) which could be
produced by the muscles does not show striking differ-
ence between the echidna and platypus. The reason is
that the platypus weighs more than the echidna; the hind
limb weight of Ornithorhynchus is 70 g and that of
Tachyglossus just 30 g.

The force which could be produced in the femur
pronation has been calculated by multiplying the lever
arm of the force by the force value, the last named
estimated through physiological cross-section of the
muscle (Table 1). In Tachyglossus the sum force pro-
duced by the muscles at the beginning of the propulsive
phase was considerably larger than the force during
supination, the former being about 3000 dyn. The m.
iliopsoas seems not to act at the beginning of the propul-
sive phase. At the end of the phase the sum pronation
force equals to 10700 dyn, the supination force reaching
only 700 dyn.

Co-exertion of the mm. iliopsoas, gluteus superficia-
lis, gluteus medius and pectineus executing the femur
protraction can not counteract retracting influence of all
the other muscles. One of the reasons for this is that the
m. iliopsoas seems not to act at the beginning of the
propulsive phase, it is being stretched by the femur
retractors, thus preparing to act in the next phase. The
femur retraction during the propulsive phase is only 15°,
and the femur pronation neutralizes totally the protrac-
tion effect caused by the m. gluteus medius, this being
evident from m. gluteus medius shortening during the
propulsion. The total protraction force calculated by
summarizing is equal to 17000 dyn (it would be 3700
dyn during the retraction), but the actual protraction
forceis 120 dyn as it is necessary to take into account the
force produced by mere the m. pectineus. It is probable
that the long postfemoral muscles would also participate
in the femur retraction, butit is difficult to calculate lever
arms for them as their exertion affects not only the pelvic
joint but the knee joint as well.

At the beginning of the propulsive phase the total
force produced by muscles during the femur adduction
approximates to 9300 dyn, the abduction force being
only 1100 dyn. At the end of the phase the abduction
force raises to 3400 dyn, the adduction one decreasing to

41 dyn, as the femur adduction finishes at the end of the
propulsive phase.

When swimming, at the beginning of the stroke the
platypus draws the hind foot aside, the toes bent down
and the foot flattened from both sides. The compressed
hind foot is drawn forward and under the belly, the hind
limb becomes bent in the ankle joint and the foot at the
same time turns to face frontally, the last being executed
by the m. peroneus longus, its relative weight in the
platypus being equal to 2% whereas that of the echidna
reaching only 0.8% (Table 1). Then the foot turns in the
opposite direction, this being executed by the m. tibialis
cranialis and m. extensor hallucis longus, these muscles
are also shown to be more robust in the platypus com-
pared with the echidna (Table 1). At the same time the
femur is seen to be protracted and supinated, and the
knee to move upward, thus reaching a higher point than
the pelvic joint. Such a high position of the knee makes
it possible for it to move ventrally without projecting
from the musculo-cutaneous body envelope (as would
be necessary in case of using the echidna’s locomotion
pattern) and thus avoid greater water resistance during
swimming. The platypus knee shows the same move-
ment pattern both during terrestrial locomotion and
swimming, which is thought to be a result of highly
developed swimming adaptation of the animal.

In the Monotremata with their widely extended ex-
tremities the combination of femur retraction and adduc-
tion results in less approach of the knee joint to the
sagittal plane than would occur in the case of mere
adduction of the femur, the knee approach to the sagittal
plane being accompanied by foot rotation in the ankle
joint. The lesser femur adduction would direct the knee
movement towards the sagittal plane, the lesser would be
the necessity of rotation in the ankle joint. The lesser
rotation degree is advantageous for better fixation of the
joint and necessary for burrowing. At the beginning of
the propulsive phase it is more advantageous for the
femur to be inclined to the sagittal plane at a lesser angle,
as in this case the femur retraction is accompanied by
considerable abduction degree thus compensating the
femur adduction so necessary for propulsion. To make
a stroke during swimming the retraction of the femur is
advantageous, considerable lateral abduction being dis-
advantageous in this case. During terrestrial locomotion
the femur of the platypus is inclined to the sagittal plane
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at a larger angle than that of the echidna, this could also
be explained by swimming adaptation of the platypus.
At the beginning of the propulsive phase during terres-
trial locomotion the femur of Ornithorhynchus is in-
clined to the sagittal plane at 35°, and the femur of
Tachyglossus at 60°. For this reason, despite the femur
retraction in both species being 15°, in the echidna the
femur movements result in lesser degree of rotation in
the ankle joint, and in the platypus the retraction degree
of the knee and hind foot is larger than in the echidna.

It is probable that both in Tachyglossus and Ornitho-
rhynchus the retraction of the femur can be affected by
the long postfemoral muscles. The more important func-
tion of these muscles is knee joint flexion which counter-
acts water resistance during swimming. The more caudal
position of the muscles’ origins makes it possible for
them to execute the femur retraction simultaneously
withknee joint flexion. The muscles’ origin further exten-
sion backward to the caudal vertebrae would be disadvan-
tageous as it would prevent the tail from acting indepen-
dently in swimming, thus the origin of the m. gracilis
posterior in Ornithorhynchus is replaced caudally of the
symphysis (Fig. 12). As the topography of the muscle is
advantageous for swimming, it became relatively more
robust in the platypus than in the echidna (Table 1).

Ofthe long postfemoral muscles it is the m. semiten-
dinosus p. vertebralis which shows the most striking
differences in structure between the two species investi-
gated. This muscle inserts on the shin distal to the other
muscles of this group. The m. semitendinosus p. verte-
bralis fibres originating on the caudal vertebrae and
running to the shin have the most vertical direction, so
they contribute most of all to counteracting water resis-
tance which tends to extend the knee joint.

The origin of the main part of m. semitendinosus p.
vertebralis spreads far forward to the neural spines of the
lumbar vertebrae and the tuber coxae. The vector of the
force produced by the muscle’s exertion is directed
obliquely to the knee joint, that is nearly parallel to the
shin, and passes close to the pelvic joint. It can be seen
that this muscle’s exertion has markedly lesser effect
both on extension of the knee joint and retraction of the
pelvicjoint. The m. semitendinosus p. vertebralis inserts
on the medial and lateral edges of the hind foot. Exerting
the muscle together with water pressure makes the foot
surface become concave during swimming. This mus-
cles’ function is of considerable importance in swim-
ming, so in the platypus its relative weight is three times
as great as that of the echidna (Table 1). During the
stroke the distal end of the hind foot moves faster than
the proximal one, this resulting in that distal part of the
web is bent out despite the m. flexor digitorum fibularis
greater robustness. And bending out the distal end of a
flipper (oraweb) would result in larger propulsive effect
(Gambarjan & Karapetian, 1961).

The hind foot of the platypus is extremely much
flexible. During swimming it can be bent and com-
pressed easily in the preparatory phase and unfolded in
the propulsive phase. The hind foot of the echidna is to

the contrary rigid, as it is necessary in burrowing. As a
result, when the animals are on land their feet move in
quite different ways. In Ornithorhynchus at the end of
the propulsive phase the proximal part of the hind foot
is lifted up, the metatarsal joints being hyperextended. In
Tachyglossus the whole of the plantar surface of the foot
is in contact with substrate from the beginning to the end
ofthe propulsive phase. Inanimals with widely extended
extremities using symmetrical-diagonal gaits forces are
produced which tend to turn the hind foot laterocaudally.
This would result in reduced propulsive power. To
prevent this laterocaudal turn the platypus hyperextends
its hind foot and the echidna anchors onto the substrate
by its claws. Such different ways to keep the hind foot
firmly in necessary position during terrestrial locomo-
tion result in pronounced structural differences in these
two species. In Ornithorhynchus the condyloid surface
for articulation with the astragalus and calcaneus is
block-shaped, whereas in Tachyglossus it is spherical.
Spherical form of the articulation makes it possible for
the shin to be inclined at any angle to the foot, with no
restrictions for rotation in the ankle joint. It is clear that
such marked differences in the ankle joint morphology
are caused by the specific locomotory adaptations of
these animals.

When, in an emergency, the echidna loosens the
substrate with its claws, the active rotation of the ankle
joint in the horizontal plane is the main movement
executed by the hind foot. Then the echidna dips verti-
cally into the loosened ground; when doing this the
animal is seen to rotate around the vertical axis now to
the left, now to the right. When the animal is loosening
the substrate, the plantar surface of the claws of the
second and third toes laterally directed, the plantar
surface ofthe claw of the fourth toe makes an angle about
30—40° with the horizontal plane, and the claw of the
fifth toe lies horizontally. The claw of the second toe
seems to dip the most deeply into the substrate, the claw
of the fifth toe being the nearest to the surface. As the
claw of the second toe is the longest one, it encounters
the most considerable resistance to the ground. In full
agreement with this way of digging the claws of the four
lateral toes show the differences in their structure. The
medial sides of the claws of the second and third are
characterized by larger growth rate, resulting in a some-
what spiral form of these claws, so that near the claw tip
the plantar surface looks laterally. The sole plate of these
claws consists of a lesser compact tissue, so that the
lateral and medial edges of the horny plate hang over the
sole plate from both sides. The plantar surface of the
claw at the cross-section is seen to be concave, and
limited by two sharp cutting edges of the horny plate
(Fig. 24), the edges loosening the substrate and the
concave surface helping move aside the loosened ground.
The flattened claw of the fifth toe is about three times
shorter than that of the second one. Its sole plate is
equally compact as the horny plate, so at the cross-
section it is seen to have a drop-like form with a lateral
sharpened edge (Fig. 24). When the echidna walks, the
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Figure 24. CROSS SECTIONS OF THE CLAWS OF
TOES II-V IN TACHYGLOSSUS ACULEATUS MADE AT
THE SUCCESSIVE LEVELS 1/4,1/2, AND 3/4FROM THE
PROXIMAL CLAW END. Scale bar 1 cm.

sharp-edged claws cut into the ground and thus prevent
the foot from rotating. Such an adaptation results also in
greater robustness of the m. tibialis caudalis (Table 1),
asthismuscle’s exertion makes the foot turn thus provid-
ing better support.

The echidna’s foot is well adapted for burrowing,
this being evident also due to some structures restricting
mobility of the elements of the foot and thus providing
the necessary rigidity. Of these special structures the
robust multi-layered aponeurosis plantaris should be
mentioned first. Its superficial layer which is directly
connected with callosities of the sole inserts on the shin
bones, the medial sides of the first metatarsal and the
first toe, and the medial side of the tuber calcanei. The
superficial layer is fused with the deeper layer. The latter
is in fact a continuation of the broadened tendon of the
m. flexor digitorum tibialis and inserts on the medial
edge of the first phalanx of the first toe and the medial
edge of the tuber calcanei. The deeper layer is, in its turn,
fused with the deeply submerged common tendinous
plate of the m. flexor digitorum fibularis. Parallel to the
thin bundle of the adductor of the first toe, which lies
below the multi-layered aponeurosis, there is a robust
ligament running from the plantar tubercle of the tarsalia
III to the plantomedial aspect of the ungual phalanx of
the first toe. There are tendinous ligaments between the
four lateral metatarsalia as well.

Comparative cinematographic analysis of locomo-
tion of some lower tetrapods, therians, and monotrem-
ates shows the uniqueness of the latter animals.

In Urodela, Squamates, Sphenodontia and Crocodi-
lia the propulsive phase retraction of the femur is well
pronounced, it often reaches 105° being accompanied
by flexion and extension of the knee and ankle joints
(Schaeffer, 1941; Snyder, 1952; Gray, 1968; Sukhanov,
1974; and others). In therians the femur retraction is
markedly lesser, as a rule. In most artiodactyls it reaches
35-60° (in giraffe only 23°), in elephants 70°, in carni-
vores 40—-65°, in rodents 40-60° (Gambaryan, 1974). In

lower tetrapods the femur pronation and adduction in the
pelvic joint is of much lesser importance than in the
Monotremata. In therians these functions do not occur in
fact during locomotion.

The echidna and platypus walk plantigrade, this
together with their widely extended extremities leads to
that during the propulsive phase the distal part of the shin
moves backward in another way than in therian mam-
mals. In the latter the propulsion of the hind limb is
executed by extension of the pelvic, knee, and ankle
joints. In the Monotremata flexion of the knee is accom-
panied by flexion of the ankle joint and pronation in the
pelvic joint.

The Monotremata show a pattern between the shin
muscles and the tuber calcanei which differs from that of
therians. The tuber calcanei in Monotremata is situated
lateral to the ankle joint and is in contact with the fifth
metatarsal, which resembles the pattern of many cyn-
odonts and morganucodontids (Schaeffer, 1941; Romer,
1956; Jenkins & Parrington, 1976; and others). The
tuber calcanei is the insertion of the shin muscles, so
elongation of it in cynodonts promoted abduction force
appearing in the ankle joint. As a result, the foot got
support from the lateral side, this being advantageous
for the animals with widely extended extremities. In the
monotremes the tuber calcanei does not project back-
ward and is tightly connected to the fifth metatarsal. The
insertion of the shin muscles is more laterally situated to
the rotation center of the ankle joint, so exertion of the
shin muscles results in abduction of the foot.

The tuber calcanei has been developed not only in
Cynodontia and Mammalia, a similar structure can be
found in Crocodilia, this being the insertion of the m.
gastrocnemius externus. As for the m. gastrocnemius
internus, it inserts in crocodiles on the lateral process of
the tarsalia V. The presence of the tuber calcanei is
rather often considered to be (analogous with mammals)
a peculiar adaptation to increase extension of the ankle
joint (see, for example, Carroll, 1988). But in our opin-
ion, elongation of the tuber calcanei both in Monotrem-
ata and Crocodilia results in increasing abduction of the
foot rather than flexion-extension of the ankle joint as
the force vector of the shin muscles passes lateral to the
vertical axis of the ankle joint. So the tuber calcanei is a
structure which is more important for abduction.

In Monotremata, the m. gastrocnemius medialis orig-
inates above the medial condyle of the femur, so the
muscle’s exertion during the support phase prevents the
femur from rotation in the pelvic joint. As a result of the
m. gastrocnemius lateralis insertion on the processus
parafibularis, this muscle’s exertion affects only the
ankle joint. It executes extension of the ankle joint with
a simultaneous turn of the foot especially necessary in
swimming. As it has been shown, the relative weight of
the muscle in Ornithorhynchus is more than three times
greater than in Tachyglossus (Table 1).

In animals using asymmetrical gaits the role of the
tuber calcanei is quite different. During symmetrical
locomotion the lateral pressure of the foot results in the
pelvis longitudinal axis deviation from a straight line,
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thus increasing pace angle. During asymmetrical loco-
motion such a deviation of the pelvis is absolutely
impossible because of both hind limbs’ simultaneous
propulsion. In the fossil Multituberculata, which had not
got achieved yet parasagittal limb position but newer-
theless had an asymmetrical jumping gait, the role of the
tuber calcanei was, so to say, intermediate between those
of Theria and Monotremata (Kielan-Jaworowska &
Gambaryan, 1994). Asin Monotremata, the calcaneus in
Multituberculata is in contact with the fifth metatarsal,
and the tuber calcanei is situated obliquely in relation to
the longitudinal axis of the foot which, in our opinion,
passes along the third metatarsal and the third toe. As a
result, the shin muscles’ exertion executes abduction of
the foot. But in Multituberculata the main function of
these muscles is newertheless extension of the ankle joint.

Conclusions

1. Homologization of the m. gluteus superficialis with
the m. piriformis and of the m. semitendinosus p. vertebra-
lis with the m. gluteus maximus is thought to be wrong, as
gluteal muscles insert on the trochanter major and labium
laterale ossis femoris whereas the m. piriformis which
originates on the ventral surface of the processus transver-
sus ossis sacralis inserts as a rule on the upper part of the
trochanter major below the m. gluteus medius.

2. Homologization is rejected of the m. peronei
digitorum with the m. extensor digitorum superficialis,
as the tendons of'the latter running to the foot are situated
in the interosseous space and not from the lateral side of
the fibula.

3. Swimming adaptation in Ornithorhynchus is by
all means connected with the necessity of rotating the
foot during swimming. It resulted in greater robustness
and broader origins of such muscles as the mm. pero-
neus longus, tibialis cranialis, and extensor hallucis
longus which lie deep to the origin of the m. extensor
digitorum profundus.

4. The amplitude of vertical shift of the knee in both
two species investigated being practically the same,
but when the animals walk on land, the platypus’ knee
joint reaches the higher point and the femur is inclined
to the sagittal plane at a larger angle at the ecarly
propulsive phase because of Ornithorhynchus swim-
ming adaptation.

5. The peculiar topography of the m. gracilis poste-
rior in Ornithorhynchus ensures its larger effect on the
femur retraction and knee flexion, these functions being
of prime importance during swimming. It results in
three-time enlargement of the relative weight of the
whole muscle and especially of its caudal part in the
platypus, as compared with that of the echidna. The mm.
semitendinosus p. vertebralis and gastrocnemius latera-
lis exertion results in the ankle joint extention and the
foot broadening thus ensuring the web unfolding and
therefore its concave form. The relative weight of these
muscles of the platypus is also about three times more
than that of the echidna.

6. The condyle surface of the ankle joint is block-
shaped in Ornithorhynchus and spherical in Tachyglos-
sus. The block-shaped form of the platypus’ condyle
helps foot to resist water pressure and not to change
trajectory of the stroke movement during swimming, but
when the animal walks on land, this results in restriction
of movement in the ankle joint. The latter being compen-
sated by mobility of the foot elements one relative to
another. The spherical surface of the echidna’s ankle
condyle ensures all the variability of movements of the
foot during walking and burrowing, the relative mobility
of the elements inside the foot being minimal.

7. The tuber calcanei origin in higher cynodonts and
morganucodontids is connected, as in monotremates,
with increasing abduction of the foot in animals with
widely extended extremities. When extremities are
parasagittal in position, it is extension of the ankle joint
during hind limbs’ simultaneous propulsion that be-
comes the main function of the tuber calcanei.

8. The peculiarities of the hind limb functioning
during locomotion in the Monotremata are as follows.
The femur retraction is no more than 15°, pronation in
the pelvic joint reaching a high degree; the knee joint is
flexed during the whole of the propulsive phase. In lower
tetrapods (Urodela, Squamata, Sphenodontia, Crocodil-
ia) the main propulsive action is executed by the femur
retraction which reaches more than 70°, the ankle joint
being flexed at the early propulsive phase and extended
again to the end of it. The femur pronation and adduction
are considerably lesser pronounced in lower tetrapods
than in Monotremata. In Theria in the propulsive phase
the femur retraction is 35—65°. The ankle and knee joints
at the early phase are flexed, and then extended. Adduc-
tion and pronation in the pelvic joint are lacking in fact.
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