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1 INTRODUCTION

Since the first report (Polack, 1838) and subse�
quent formal description of the group (Owen, 1839),
moas have been the subject of detailed scientific stud�
ies (for review, see Worthy and Holdaway, 2002).
Despite the long standing problem in moa classifica�
tion due to their high level of morphological variability
and sexual dimorphism, the latest morphometric and
genetic studies support the division of Dinornithi�
formes into three families: Emeidae, Dinornithidae,
and Megalapterygidae (Bunce et al., 2009). Bones of
the pelvic girdle and hind limbs are usually best pre�
served; hence, their morphology and proportions tra�
ditionally play the major role in their taxonomy. In
fact, Owen’s first classifications were based on the
morphology of hind limb bones alone. In his earliest
paper on the subject, Owen (1839, p. 170) described
morphological features related to the muscular inser�
tions in a femur fragment shipped from New Zealand,
concluding that “… the Struthious bird indicated by
the present fragment to have been heavier and more
sluggish than the Ostrich; its femur, and probably its
whole leg, was shorter and thicker.” Many of his later
works (collected in Owen, 1879) contain comments
on certain ligamentous and muscular structures of
moa hind limbs. Strongly marked muscular impres�
sion on the hind limb bones of moa were also noticed
by Colenso (1843). But it was not until 1869, when the
first description of soft tissues of hind limbs was pro�
vided. Owen (1869) described mummified tendons,

1 The article was translated be the author.

sesamoids, and integumentary sole�pads of the second
toe of the right foot of D. robustus. Later, Coughtrey
(1874a, 1874b) described some mummified muscles
and ligaments of D. robustus and E. crassus. Eleven
years later, Owen (1885) described a mummified foot
of Dinornis (=Megalapteryx) didinus. Kooyman (1985)
in his PhD Thesis devoted to moa and moa hunting
provided interpretation of marks on moa hind limb
bones, which had been widely used in classification of
Dinornithiformes, as left by certain muscles and liga�
ments. Despite discoveries of several additional mum�
mified legs of moa (Forrest, 1987; Anderson, 1989;
Worthy, 1989) as well as the presence of two other
mummies found at the end of 19th century (Buller,
1888), a detailed reconstruction of hind limb myology
and syndesmology of moa has never been undertaken.
The present study fills the gap, being a part of more
extensive reconstruction provided elsewhere.

MATERIALS AND METHODS

The material includes pelvic and hind limb bones
of two species of moa from the collection of the
Museum of Natural History of the Humboldt Univer�
sity in Berlin. A skeleton of the Eastern moa E. crassus
Owen, 1846 (specimen MB. Av. 1571) was shipped by
Julius von Haast to Germany some time before 1850.
The second skeleton belongs to the Giant moa
D. robustus Owen, 1846 (specimen MG. Av. 1570)
from South Island, found in Glenmark Swamp and
shipped to Germany soon after its discovery on Jan�
uary 4, 1857.
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The reconstruction is based on the extensive com�
parative literature and original data on osteology, myo�
logy, and syndesmology of avian hind limbs (Zinoviev,
2010). We also followed certain rules of reconstruc�
tion, which were successfully applied in the previous
study of Hesperornis regalis (Zinoviev, 2011). Although
members of the order Casuariiformes are considered
the closest living relatives of moa (Johnston, 2011), we
were extremely cautious in extrapolation of morpho�
logical characters of emu and cassowary, or even kiwi,
to dinornithids. Besides being graviportal and heavy,
moa retained wide pelvis with unfused ilia, ischia, and
pubes. In this respect they differ from specialized cur�
sorial ratites with narrow pelves. Beautiful lithographs
from Owen’s papers helped us to use osteological
characters, absent in the material.

Anatomical names follow the latest version of
Nomina Anatomica Avium II (Baumel et al., 1993),
with some changes made by Zinoviev (2010).

This paper is illustrated by drawings showing only
the origins of pelvic muscles (except for m. iliofemo�
ralis internus). Drawings illustrating their insertions
will be provided in the upcoming paper.

PELVIC MUSCULATURE

In the reconstruction of moa pelvic muscles, I fol�
lowed the same sequence as in the case of Hesperornis
(Zinoviev, 2011). The deepest muscles, which control
movements in the hip joint, leave better traces on the
bones (Fig. 1). This is especially true for mm. iliotro�
chanterici, which resist supination of the femur caused
by the femoral retractors (Zinoviev, Dzerzhinsky,
2000). These muscles expand over almost the entire
lateral surface of the ala preacetabularis ilii, leaving
pronounced traces of both muscular and tendinous
origins.

Iliotrochanterici muscles. Both species show pro�
nounced traces of muscular and tendinous origins of
these muscles on the ala preacetabularis ilii. Unfortu�
nately, both specimens lack cranial edges of the alae
and, hence, it is impossible to reconstruct the cranial�
most parts of the muscle group. However, it is possible
to reconstruct in detail the origin of the iliotrochant�
ericus caudalis muscle, the most powerful of the
iliotrochanterici. Its origin covers almost the entire
lateral surface of the ala preacetabularis ilii, extending
from its cranial part to the vertical passing through the
middle of the acetabulum. The structure of this muscle
must have been complex, as in large living ratites
(Sudilovskaya, 1931; Zinoviev, 2006). The short mus�
cular fibers of the m. iliotrochantericus caudalis origi�
nated from the preacetabular portion of the ilium but
also originated from a number of aponeuroses. The
origins of these aponeuroses on the ala preacetabularis
ilii are marked by prominent oblique ridges (Fig. 1a).
Muscle fibers inserted on a number of intramuscular
aponeuroses, contributing to a large aponeurosis on
the lateral surface of the muscle. This aponeurosis gave

rise to a stout terminal tendon, which inserted to a
crescentic rugosity of the greater trochanter, just prox�
imal to the insertion of the m. iliotrochantericus
medius. The area craniad to this insertion is smooth
and must have been covered by a thin layer of cartilage
for better sliding of the terminal tendon of the iliotro�
chantericus cranialis muscle (Zinoviev, 2010). A large
and powerful belly of the iliotrochantericus caudalis
muscle covered smaller bellies of the iliotrochanterici
cranialis et medius muscles. A fleshy origin of the
iliotrochantericus medius is marked on the lateral sur�
face of the ala preacetabularis ilii by an elevated rugose
area between the beginnings of the iliotrochantericus
caudalis and iliotrochantericus cranialis muscles. In
many birds, this muscle is fused with the more power�
ful iliotrochantericus cranialis muscle. The presence
of a separate medial iliotrochanteric muscle in moa is
also marked by its well�defined place of insertion on a
rugose area between the insertions of the iliotrochant�
erici caudalis et cranialis muscles. The beginning of
the m. iliotrochantericus cranialis, like that of the m.
iliotrochantericus caudalis, is also a combination of
muscular and tendinous attachments. Its area of origin
is from the ventral rim of the ala preacetabularis ilii
and its lateral surface. Remains of the terminal tendon
of the m. iliotrochantericus cranialis were described by
Coughtrey (1874a).

Large, with a complex structure, mm. iliotrochan�
terici resemble that of Dromaius and Apteryx
(McGowan, 1979; Patak and Baldwin, 1998). The
iliotrochanteric muscles of other ratites, such as Rhea
and Struthio, show features of specialization (Gangl
et al., 2004; Zinoviev, 2006; Picasso, 2010).

Iliofemoralis internus muscle. The presence of this
minute muscle is marked in moa by the rugose lateral
surface of the ala preacetabularis ilii just caudal to the
origin of the m. iliotrochantericus cranialis and cra�
niad to that of the m. ambiens. Insertion of the muscle
in the cranial surface of the femoral shaft near the fem�
oral head is unusual for birds (Fig. 2). Coughtrey
(1874a) observed several fibers still attached to this
area, following Owen (1862) in attributing them to the
m. iliofemoralis internus.

The m. iliofemoralis internus is rather uniform in
birds. Among ratites, it is generally weaker in Casuari�
iformes and well�developed with the shifted origin in
Struthio. None of extant or extinct birds show a com�
parable shift of the insertion of this muscle, suggested
by Owen and Coughtrey.

Iliofemoralis externus muscle. The origin and
insertion of this muscle in moa are well marked. Like
m. iliotrochantericus caudalis, the external iliofemo�
ral muscle had a fleshy and tendinous origin (mul�
tipinnate) on the ala preacetabularis ilii just caudal to
the origin of the aforementioned muscle. The caudal
expansion of the muscle is limited to the beginning of
the crista dorsolateralis ilii. The muscle inserted on a
prominent, slightly oblique scar between insertions of
the mm. iliotrochanterici and m. ischiofemoralis.
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Fig. 1. Pelves of (a, b) Dinornis robustus: (a) lateral and (b) ventral views; and (c) Emeus crassus, showing attachments of some
muscles and ligaments.
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Remains of the terminal tendon were described by
Coughtrey (1874a).

This femoral adductor is generally weakly devel�
oped in birds, because more powerful protractors and
retractors of the femur also abduct it (Zinoviev and
Dzerzhinsky, 2000). However, in cursorial and, espe�
cially, large cursorial birds, this muscle is better devel�
oped (Zinoviev, 2010). Among ratites, this muscle is
stronger in Apteryx and Dromaius, the latter having a
multipinnate m. iliofemoralis externus (Patterson,
1983).

Ambiens muscle. This muscle in Dinornis robustus
arose from a rugose area at the junction of the ilium
and pubis (the pectineal process in moa is not promi�
nent). The rugose area is more expansive on the ilium.
The insertion of the muscle is obscure, since it does
not insert on bone in birds; its terminal tendon is fused
with the aponeurosis communis fibularis.

The generally vestigial m. ambiens disappears in a
number of perching birds. In cursorial birds, it is better
developed and associated with locomotion with single
limb supported phases (Zinoviev, 2007). The Ratitae
display considerable variation in the morphology of
the m. ambiens. In ostrich, it originates from the ala
preacetabularis ilii, whereas in others, from the pro�
cessus pectinealis. Some researchers reported that it is
absent in Casuariiformes (Garrod, 1873; Gadow,
1880; Beddard, 1898). However, the muscular head
originating in members of this order from the
pectineal process and fused with the belly of the m.
femorotibialis medius could have represented the m.
ambiens, which shows the same trend towards fusion
with the m. femorotibialis medius in Rheiformes
(Gadow and Selenka, 1891).

Obturatorius medialis muscle. This is the only mus�
cle of living birds which originates from the visceral
side of the pelvis. Its traces in D. robustus suggest that
it must have had two bellies. The dorsal belly origi�
nated aponeurotically from the medial surface of the
postacetabular ilium, immediately adjacent to the
ilioischiadicum foramen and from the dorsal part of
the ischium, which faces the foramen. The main bulk
of muscular fibers of the dorsal portion undoubtedly
arose from the ilioischial membrane, thus, not leaving
traces on bones. The ventral belly originated from the
ischiopubic membrane and adjacent surfaces of the
ischium and pubis, which are tilted toward it. The ter�
minal tendon passed through the obturatum foramen,
which was separated from the ischiopubic fenestra by
a tendinous bridge, and inserted on the lateral surface
of the greater trochanter caudal to the insertion of the
m. iliotrochantericus caudalis. Mummified remains of
the terminal tendon were described by Coughtrey
(1874a).

The obturatorius medialis muscle is rather uniform
in birds. Ostrich is the only extant bird, the obturator
muscle of which originates from the lateral surface of
the ischium and pubis (Zinoviev, 2007). In Casuarii�
formes and Rheiformes, the muscle has two heads
(Gadow, 1880, 1891; Patterson, 1983; Picasso, 2010).

Ischiofemoralis muscle. This is the deepest muscle
of the acetabular pelvis. The origin of this muscle from
the postacetabular pelvis is difficult to reconstruct
because it leaves only faint traces on the bones. A large
part of the muscle originates from the ilioischial mem�
brane. Moa undoubtedly had this membrane, as indi�
cated by the sharp rims of the ilium and ischium. Only
the ventral border of the ischiofemoral muscle is
detectable on the ischial bone of D. robustus. The mus�
cle’s belly originated from the dorsal part of the isch�
ium, near the level of the caudal part of the obturator
foramen and extended for about two�thirds along that
bone. The extent to which it expanded over the iliois�
chial membrane and whether or not it originated from
the adjacent area of the postacetabular ilium, as in
many extant birds, remains uncertain. A strong tendon
of this muscle inserted on the lateral side of the femo�

m. iliofemoralis
internus

Fig. 2. Right femur of Dinornis robustus, cranial view. The
proposed unusual insertion of the m. iliofemoralis internus
is outlined. For comment, see the text.
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ral shaft on a tuberosity just caudal and distal to the
insertion of the m. iliofemoralis externus.

The muscle is morphologically conservative in
birds and moas are not an exception.

Iliofemoralis and caudofemoralis muscles. Pelvic
bones lack a trace of the origin of the first component
of the group. The presence of this muscle is recognized
by an extensive insertion on the femoral shaft from the
level of the m. ischiofemoralis insertion to the proxi�
mal part of the pars accessoria of the m. flexor cruris
lateralis. Although the belly of the m. iliofemoralis in
D. robustus (postacetabular portion of the pelvis in the
studied specimen of E. crassus was missing) resembled
that of other birds, its extensive insertion on the femur
is rare in Aves. This feature has previously been
recorded exclusively in Apteryx (McGowan, 1979).
The m. caudofemoralis might have been absent in
moa. This muscle is usually present in birds with a
well�developed tail, whereas moa had a vestigial tail.

The caudofemoralis muscle is absent in
Rheiformes and Dromaius and vestigial in Casuarius
(Garrod, 1873; Gadow, 1880; Pycraft, 1900; Patter�
son, 1983; Picasso, 2010), but present in Apteryx and
Struthio (Owen, 1849; Gadow, 1880; McGowan,
1979).

Puboischiofemorales muscles. Strong femoral
retractors, these muscles are always present in birds and
consist of two parts, one superficial or lateral and
another deeper or medial. The beginning of the lateral
part is detectable on the pelvis of D. robustus. It origi�
nated from the ventral part of the ischium, leaving free
its caudal one�fifth. The deeper part might have origi�
nated ventrally from the same bone and also from the
ischiopubic membrane. The muscle inserted on the
crest running along the caudal surface of the femoral
shaft medial to the insertion of the m. iliofemoralis.

As the major femoral retractors, the mm. pubois�
chiofemorales are uniform in birds. Moa does not
show any deviations from the general plan.

Flexor cruris lateralis and flexor cruris medialis
muscles. Both muscles were present in moa. The
beginning of the lateral flexor is traceable on the isch�
ium caudal to the beginning of the m. ischiofemoralis.
It might have also originated from the caudal part of
the postacetabular ilium and strong ligament, which
once united the ilium and ischium. The medial flexor
originated from the apical part of the ischium ventral
to the origin of the lateral flexor and caudal to that of
the mm. puboischiofemorales. Both muscles inserted
on a slightly oblique rugose area caudal to the insertion
of the lig. collaterale mediale genus. Before providing
the terminal tendon for the common tibiotarsal inser�
tion, the lateral part gave rise to an accessory belly,
whose fleshy part was attached to a triangular area
proximal to the aponeurosis commuis poplitea.

Both muscles are well developed in cursorial birds,
including ratites. Their origins may migrate onto sev�

eral anterior caudal vertebrae, which is impossible to
prove in moa.

Iliofibularis muscle. Moa exhibits the same organi�
zation of this muscle as in other birds. It originated
along the entire length of the postacetabular ilium just
above the origins of the ischiofemoralis and iliofemo�
ralis muscles and below the postacetabular portion of
the m. iliotibialis lateralis. It gradually tapered distally
and the terminal tendon passed through the tendinous
loop (traces of which are detectable on the femur and
tibia) to insert in the tuber. m. iliofibularis on the lat�
eral side of the fibula, just distal to the insertion of the
lig. collaterale laterale genus. Tendinous remains of
this insertion were reported by Coughtrey (1874a).

This muscle is rather uniformly developed in birds
regardless of locomotor habits (Zinoviev, 2010).

Iliotibiales lateralis and cranialis muscles. The most
superficial muscles of the thigh, the lateral and cranial
iliotibial muscles, were extremely well developed in
moa. Although the cranialmost part of the ala preace�
tabularis ilii is missing in our material, the caudal sur�
face of the origin of the m. iliotibialis cranialis is fortu�
nately preserved. It shows a thick combination of
fleshy and tendinous origins, contrary to the apo�
neurotic type seen in many birds. The preacetabular
portion of the m. iliotibialis lateralis shows a similar
origin and extends up to the origin of the m. iliofemo�
ralis externus. The acetabular portion of the muscle
had a considerably thinner origin, providing adequate
space for the origin of the m. iliofemoralis externus.
The origin of the postacetabular portion was equally
thick and extended to a point slightly behind the cau�
dal edge of the antitrochanter. From that point, a
much thinner line of origin of the postacetabular por�
tion ran caudally along the rest of the iliaca dorsolat�
eralis crest. Both muscles apparently contributed to
the formation of the patellar tendon. On a tendinous
insertion of these muscles was reported by Coughtrey
(1874a).

Well�developed iliotibiales lateralis and cranialis
muscles are characteristic of cursorial birds. They are
especially strong in large ratites (Zinoviev, 2011).

DISCUSSION AND CONCLUSIONS

D. robustus and E. crassus represent two branches
of locomotor adaptation in moas. Dinornis was more
agile than Emeus (Alexander, 1983a, 1983b; Kooy�
man, 1985, 1991). Nevertheless, the number and posi�
tion of their femoral muscles were almost identical.
The muscle varied only in the extent of development.
The pelvic musculature of moa was close to the prim�
itive state hypothesized for birds (Hudson, 1937;
Zinoviev, 2010). Close to Tinamiformes, moa in some
features resemble geographically close Apterygiformes
and Casuariiformes. Certain traits in hind limb myol�
ogy, however, were confined to Dinornithiformes
alone. First of all, the enormous development of the
mm. iliotibiales and m. iliofemoralis externus, abduc�
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tors that must have exerted the maximum force to keep

the body balanced in heavy moa with a wide pelvis.
2

Another feature unique to moa is the unusual insertion
of the iliofemoralis internus muscle (Fig. 2), which,
however, should be double�checked on mummies.
The insertion of the internal iliofemoral muscle just
distal to the femoral neck of the cranial surface of the
femoral shaft implies a change in function that of a
weak, outward rotator of the femur onto equally weak
inward rotator of the same bone. The reasons for such
a shift are obscure, although the controlling function
over the hip joint of this long�fibered muscle should be
taken into account. The less modified hip muscles of
moa, compared to that of Apterygiformes, Casuarii�
formes, Rheiformes, and Struthioniformes, are
related to the preservation in dinornithiforms of a wide
pelvis.
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