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Pes muscles and their action in giant anteater
Myrmecophaga tridactyla (Myrmecophagidae, Pilosa)
compared with other plantigrade mammals

Petr P. Gambaryan, Olga V. Zherebtsova, Anna A. Perepelova
& Viadimir V. Platonov

ABSTRACT. The pesmyology of the giant anteater Myrmecophaga tridactylahas been studied in detail to
understand its adaptive properties. The morphofunctional features of these muscleshave been compared to
the respective muscles of the brown bear (Ursus arctos), in which the locomotor role of thefoot is similar
to that in the giant anteater. M. tridactyla has a complete set of short pes muscles and their structure is
generally the same asin the brown bear and some other plantigrade mammals. In spite of some differences,
thework of the pes musclesin the giant anteater and brown bear isbasically similar, whichisconsistent with
the similar anatomy of these musclesin thesetwo mammals. Thissimilarity suggeststhat the pes myology
in the animals studied reflects the adaptation to the run, which in the giant anteater is however less
pronounced than in the brown bear.
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MbiWwubl cTONbl U UX paboTa y rMraHTCKoro mypasbeaa
Myrmecophaga tridactyla (Myrmecophagidae, Pilosa)
NO CpaBHEHUIO C APYFMMM CTONOXOAALMMU MNEKOMUTaOLWUMMU

MN.n. raméapsH, 0.B. XXepebuoBa, A.A. lNepenenoBa, B.B. lnatoHoB

PE3IOME. [l BBIsICHEHUSI aIallTUBHBIX OCOOCHHOCTEH MBIIII] CTOIBI THTAHTCKOTO MypaBbena Myrme-
cophaga tridactyla TpoBeIcHO AETATBHOE U3YUCHNE UX CTPOCHHS, a TAK)KE CpaBHEHHE MOP]o-PyHKIHO-
HaJBHBIX OCOOCHHOCTEW TUX MBIIII ¢ aHAJOTHYHON MycKyiarypoi Oyporo mensens (Ursus arctos),
JIOKOMOTOpPHAsI POJIb CTOTIBI KOTOPOTO Hanbomee 6ym3Kka TakoBoil Mmypasbena. s M. tridactyla xapakre-
PEH JJOBOJIBHO IMOJHBIA HA0OP KOPOTKUX MBIIIIL CTOIBI. AHAJIOTMYHBIE MBIIIIBI BO MHOTOM CO CXOJIHBIM
CTPOCHHEM HaOIIOJAI0TCs M B CTOINE Oyporo MenBeis, a TakKe HEKOTOPBIX JAPYIHX CTOIOXOJMISLIMX
MiIekonuTaromux. HecMoTps Ha HeKoTopbIe pa3nuyusi, paboTa MBI, ASHCTBYIOIINX Ha CTOITY, Y THT'aHT-
CKOTO MypaBbe/a i Oyporo MeaBe/sl TAkKe B OCHOBHOM CXOJIHA, YTO COTJIACYETCS C OOIIMMH YepPTaMHU
aHATOMHHU 3TUX MBI, HabmromaeMoe CXOACTBO MO3BONSIET MPEAIOI0KUTh, YTO MUOJIOTHS CTOIB Y
M3YYCHHBIX JKHBOTHBIX HECET OTIIEYAaTOK aJalTalliy K 0ery, KoTopas, OTHAaKO, y MypaBbe/ia BhIpaKeHa
ciabee, 4eM y MEIABEIS.

KJIFOUYEBBIE CIIOBA: Myrmecophaga tridactyla, Ursus arctos, MbIIILBI CTONBI, aJalITUBHBIE 0COOEHHO-
CTH, MOP(HO-PYHKINOHATILHBIN aHAIN3.
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I ntroduction

The giant anteater (Myrmecophaga tridactyla) isa
typical terrestrial plantigrade mammal. When running,
the plantigrade mammals touch the ground first by its
heel and then by itstoes. The change of load upon the
pes during the phases of foothold and transfer isprovid-

ed mainly by short pes muscles and also by long crus
muscles which are inserted on the foot. The functional
morphology of these muscles is of special interest to
clarify the adaptive evolution of the giant anteater. The
locomotor role of thefoot in the brown bear issimilar to
that in the giant anteater. However, information about
the structure, functioning and coordination of the mus-
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culature responsible for the mobility of the pesin these
animals is scarce (especially about the giant anteater)
and insufficient to understand the work of their foot in
different types of locomotion (Cuvier, 1849; Windle &
Parsons, 1898, 1899; McMurrich, 1907; Hildebrand,
1988; Lewis, 1989). Therefore, our research has been
concerned with the comparative morphofunctional anal-
ysis of the pes musclesin the giant anteater, the brown
bear, and some other plantigrade mammalswith impli-
cationsto their locomotor adaptations.

M aterial and methods

We dissected the hindlimbs of two 5% formalin-
fixed adult specimens of Myrmecophaga tridactylaand
one hindlimb of Ursus arctos used for comparison. To
better distinguish the fiber direction and connective
tissue, the low-concentration agueous sol ution of spe-
cific stain for myosin — Cresil fast Violet — was
periodically applied for a10-15 minutes and then rinsed
out under a strong water stream. As a result the stain
waswashed out from the connectivetissue but persisted
in muscular fibers and thus highlighted the structure
and disposition of the muscles.

Results

The short muscles of the pes
1. The dorsal muscles

M. extensor digitorum brevis in M. tridactyla
arises from the dorsal surface of the os calcaneus (Fig.
1A). The area of insertion extends more distal than the
tip of thetuber cal canei occupying onesixth of thebone
length on its lateral side and two thirds on the medial
one. Theorigin of the muscle passes al so on the base of
the talus joint capsule and on the dorsal surface of the
tarsalialV+V (cuboid) — tarsalial. The muscle tendi-
nous interface is bandaged to the connective tissue
laminas which rise from the inter-metatarsal spaces
extending almost up to the distal ends of the metatarsal
bones. Four separate tendons of the m. ext. digitorum
longus are adjacent to the muscle middle part. M. ext.
digitorum brevisendsin fivetendons. Four of them are
fused with the superficial lying tendons of the m. ext.
digitorum longus, then pass forward to the four lateral
digits and are inserted on their ungual phalanxes. The
fifth tendon passesto thefirst digit up to thelevel of its
first phalanx where it inserts onto the internal side of
the terminal tendon of the m. ext. hallucis longus and
runswith the latter to the ungual phalanx.

M. ext. digitorum brevis in U. arctos arises also
from the dorsal surface of the os cal caneus, more distal
than the articulation with the os talus passing partly on
the joint capsule of the articulation with the os tibia
(Fig. 1B). Four separate fusiform venters extend from
the origin and end in four tendons to the medial digits.

The first of them reaches the lateral surface of the
proximal end of the second phalanx of the fourth digit
whereit widens and fuseswith thetendon of the m. ext.
digitorum longus, coming from the dorsal side. Then
the tendon goes straight the lateral side of the second
phalanx and merges again with the tendon of the m.
extensor digitorum longus which passesindependently
from themedial sideto theungual phalanx. Beforethis
phalanx, the tendonsfuse again and insert on thewhole
dorsal surface of theungual phalanx. The second venter
runs the same way on the 3rd digit. The third venter
fusesviaatendon with them. ext. digitorum longus on
the middle part of thefirst phalanx of the second digit.
Another half-separated venter attachesto the tendon of
them. ext. hallucislongus.

2. The plantar muscles

M. flexor digitorum brevisin M. tridactyla origi-
natesfrom the plantar surface of the cal caneusreceding
about one third of itslength from the apex of the tuber
calcanei (Fig. 2A). On the medial and lateral sides of
the calcaneus, the muscleinsertion extends proximally
for morethan onesixth of itslength. Inthemiddle of the
pes the muscle divides into three venters that form
tendons distributed to three middle digits. Then each
tendon dividesinto two slips at the level of metatarso-
phalangeal junctionsand isinserted on the correspond-
ing sesamoids. There are no more distal extensions of
thesetendons.

M. flex. digitorum brevisin U. arctos, unlike in M.
tridactyla, doesnot insert on the cal caneus but arises as
the continuation of m. plantaris. Shortly after theorigin,
the muscle dividesinto four tendons of which the most
medial has muscular fibers. The tendons are distin-
guished in the plantar aponeurosis by their finer edges.
At the level of metatarso-phalangeal articulations, the
tendons divide into two slips which aggregate again
deeper than the upper running tendons of m. flex. digi-
torum longus. Then they extend as double tendinous
fibers along the plantar surface of the first phalanx of
eachlateral digit (Fig. 3A). Itisnoteworthy that in man,
like in M. tridactyla, m. flex. digitorum brevis origi-
nates from the lateral surface of the calcaneus and the
insertionisinto threemiddledigits (Sinelnikov, 1952).

The mm. abductor digiti quinti, abductor metatarsi
V and flex. digiti quinti brevis arise together from the
dorsolateral surface of m. flex. digitorum brevis cross-
ing obliquely itsorigin (Fig. 2). The muscles are sepa-
rated by fibrous tissue that is evidence for their inde-
pendence.

1. M. flexor digiti quinti brevisin M. tridactyla
originates on the dorsal surface of the lateral venter of
m. flex. digitorum brevisfrom itsmiddle and almost up
to the distal quarter of the venter length (Fig. 2). Then
themuscular venter of m. flex. digiti quinti brevisreach-
esnearly the level of the metatarso-phalangeal articula-
tionwhereit formsthe tendon attaching to the proximal
end of the lateral metatarso-phalangeal sesamoid.
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Figure 1. The muscles of the dorsal surface of the left pes.
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A — Myrmecophaga tridactyla; B — Ursus arctos. Abbreviation: ext. — extensor.

2. M. abductor digiti quinti brevisinM. tridacty-
laisunited with m. flex. digitorum brevisso firmly that
they look like a single muscle (Fig. 2). These muscles
arise from both lateral and medial sides of the tuber
calcanei, m. flex. digitorum brevis being the superfi-
cial. However, there is a dense fibrous layer between
the origin of m. abd. digiti quinti brevis and m. flex.

digitorum brevis and, though fused, the muscles thus
keep their independence. The venter of m. flex. digiti
quinti brevisformsatendon at thelevel of the proximal
epiphysisof osmetatarsi V, which runs deeper thanthe
terminal branch from the tendon of the m. peroneus
brevis and then liesin the groove formed in the thick-
ness of m. flex. digiti quinti brevis sensu stricto extend-
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Figure 2. The superficial muscles of the plantar side of left pesin Myrmecophaga tridactyla.
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metatarsalia V.

ing up to the proximal end of thelateral side of thefirst
phalanx of fifth digit.

3. M. abductor metatarsi V. The muscle venter
incul cates between venters of m. abductor digiti quinti
and m. flex. digitorum brevis at the middle of the latter

(Fig. 2). M. abd. metatarsi V originates as an additional
bundle of m. flex. digitorum brevis separated from the
wholemuscleclosetothedistal end of thetuber calcanei
wherethe bundle formsatendon inserted into the proxi-
mal end of the latero-plantar surface of os metatarsi V.
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Figure 3. The superficial muscles of the plantar side of left pesin Ursus arctos.
A — first layer; B — second layer. Abbreviations: abd. — abductor; add. — adductor; fl. — flexor; lig. m. — ligamentum musculi.

In the brown bear there are only two musclesin this
area:

1. M. abductor digiti quinti takes origin from the
latero-distal margin of the sesamoid lying between
cuboid (carpalia IV+V) and os metatarsi V, and also
from the vertical tendinous plate from which the bun-
dies of m. flex. digiti quinti brevisarise (Figs 3B, 4A).
The muscle inserts onto the latero-proximal edge of
lateral metatarso-phalangeal sesamoid. The most later-
al bundles convert into a tendon which fuses with the
tendon of m. ext. digitorum longus of thefifth digit.

2. M. flexor digiti quinti brevis arises from the
plantaromedial surface of the tendinous plate and the
sesamoid mentioned above, and is inserted into the
proximal end of the medial metatarso-phalangeal sesa-
moid (Figs 3B, 4A).

M. quadratus plantae in M. tridactyla originates
from the lateral tuberosity of the calcaneus more distal
to the groove for the tendon of m. flex. digitorum
fibularis. The muscle attachment extends as far as the
distal part of the calcaneus plantar surface. The area of
theoriginisfromthelevel of proximal thirdto thedistal
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Figure 4. The deep muscles of the left pesin Ursus arctos.
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end of the calcaneuson thelateral sideandissimilar on
the medial side but beginning from the middle of the
bone length. Thus, the origin of muscle crosses the
calcaneus obliquely (Fig. 2). The muscle inserts upon
the plantar surface of the common tendinous plate of m.
flex. digitorum fibularis forming a special aponeurosis
from the medial side responsible for the tension of the
medial tendon of theflexor. The aponeurosisisinserted
upon the surface of tendinous lamina. The area of
origin extends up to itsbranching toward thethird digit.

In the brown bear, m. quadratus plantae originates
from thelateroplantar surface of the cal caneusand then
passes to the same surface of the cuboid (Fig. 3B). The

muscle ends by aflat tendon mainly on the medial side
of the common tendinous plate which isthe derivative
of the tendons of m. flex. tibialis et fibularis. The area
of insertion extendsto the branching of the platetoward
thefifth digit.

Mm. lumbricales in the giant anteater are four
small muscles which are placed among the tendons of
m. flex. digitorum fibularis (Fig. 2). Then the muscles
run to the medial sides of the second—fourth digits
where they becomelost in the fibrous mass at the level
of thefirst phal anxes of the corresponding digits. How-
ever, the venter situated between the fourth and fifth
tendons of m. flex. digitorum fibularisis recognizable
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up to the plantaromedial surface of the ungual phal anx
of thefifth digit.

In the brown bear, mm. lumbricales arise as four
muscular venters fixed between the tendons of mm.
flex. digitorum fibularis et tibialis (Fig. 3A). One of
them is double and sites between the tendons to the
fourth and fifth digits; in so doing the superficial venter
lies along the plantar surface of the tendon to the fifth
digit and inserts on the plantaromedial side of thetendi-
nous plate of the holed tendon of m. flex. digitorum
brevis. The second, deeper venter is between the ten-
donsto the fourth and fifth digits, whereit passes from
the plantar to dorsal surface. Thishalf-separated venter
isinserted on the medial side of the holed tendon, and
its bundles are hardly traceable as far as the medial
surface of the distal end of the second phalanx of fifth
digit.

The next venter of mm. lumbrical esliesbetween the
tendons of mm. flex. digitorum fibulariset tibialisto the
third and fourth digits. On the plantar surface it sides
with the third venter disposed between the second and
third digits and then it appears as a small part on the
dorsal surface in the corner between above mentioned
tendons. The terminal flat tendon is adjacent to the
holed tendon of m. flex. digitorum brevisand then runs
along the medial surface up to the distal end of the
second phalanx of the fourth digit. On the dorsal side
the tendon sides to another tendon which gets over the
dorsal side where it joins with the tendon of m. ext.
digitorumlongus. Thusthe second tendon of mm. lum-
bricales ends onto the medial surface of the distal end
of the second phalanx of fourth digit while the tendon
fused with the extensor tendons is an independent one
which adjoinsthe terminal tendon of mm. lumbricales.

Thethird venter isinserted on the medial side of the
proximal end of the first phalanx of third digit. The
fourth venter is attached to the medial surface of the
metatarsophalangeal sesamoid of the second digit.

There are also several ligaments on the plantar side
of the foot below the tendon of m. flex. digitorum
fibularis. One of them runs from the medial margin of
the calcaneus distal end to the base of ospraehallux. M.
flex. hallucisbrevistakesorigin from thisligament and
fromthe plantar surfacesof tarsalial and osmetatarsi 1.
Below theligament, thereisatransverseligament from
tarsalia | to tarsalia I1-V directed whose distal end
serves as the base for the following three muscles:

1. M. adductor digiti secunda brevis in the giant
anteater arises from the middle third of the transverse
ligament. The muscle ends on the lateral surface of the
proximal end of thefirst phalanx of second digit (Fig. 5A).

In the brown bear, this muscle arises from theliga-
ments which cover the groove for m. peroneus longus
and extends for about one tenth of the pes width being
also fixed on the medial edge of m. adductor digiti
quinti brevis (Fig. 4A). The muscle insertion is the
same asin the giant anteater.

2. M. adductor digiti quinti brevis in the giant
anteater originates more laterally from the same liga-

ment and extends for approximately one sixth of its
length (Fig. 5A). Themuscleisinserted upon the medi-
al surface of the proximal end of thefirst phalanx of 5th
digit.

Inthe brown bear, the muscle arisesfrom the plantar
tendinousplatelocated at thelevel of thetarsals, where
it occupiesfrom aquarter to ahalf of the peswidth, and
from theintermediate tendinous plate between the mus-
cleand m. adductor digiti Il (Fig. 4A). Theinsertion of
m. adductor digiti quinti brevisis on the proximal end
of the medial surface of the first phalanx of fifth digit.

3. M. adductor hallucisbrevisinthegiant anteater
takes origin from the media side of the transverse
ligament fromitsdistal margin (Fig. 5A). Theinsertion
is upon the lateral surface of the proximal end of the
first phalanx of thefirst digit.

In the brown bear, the m. adductor hallucis brevis
originates from the distal margin of the ligaments that
cover thegroovefor theterminal tendon of m. peroneus
longus (Fig. 4A). In this case the adductor extends
laterally fromthelevel of praehallux for about onethird
of the peswidth. The muscle also takes origin from the
medial margin of m. adductor digiti secunda and from
the vertical tendinous plate fixed on the latero-distal
margin of the praehallux and on thelateral labium of os
metatarsi |. The insertion is the same as in the giant
anteater.

M. abductor hallucisbrevisinM. tridactylaarises
from the distal margin of the praehallux and inserts on
the medial surface of the proximal end of the first
phalanx of thefirst digit (Figs 2, 5A).

Inthe brown bear, it takes origin from the plantaro-
medial surface of praehallux and from the medial |abi-
um of os metatarsi | (Figs 3B, 4A). Theinsertionisthe
same asin the giant anteater.

M. abductor metatarsi | isfoundinU. arctosonly.
It arises via atendon from the mediodistal edge of the
plantar surface of the calcaneus and from the plantar
surface of the tendinous plate fixed between the calca-
neus and tarsalia | (Fig. 4A). The muscle runs deeper
the praehallux up to the medioproximal end and the
plantar surface of the medial condyle of os metatarsi |.
On the way the muscular venter is also attached by its
plantar fascia on the internal (dorsal) surface of the
praehallux.

M. flex. hallucisbrevisin M. tridactyla originates
fromthetransverseligament that passesfrom the medi-
a margin of the calcaneus distal end to the base of
praehallux and from the lateral surface of the base of
praehallux (Fig. 5A). Theinsertionisonthemedial side
of the metatarsophalangeal sesamoid of first digit.

Inthe brown bear, the muscle arisesfrom the planta-
rolateral surface of praehallux and isinserted into the
proximal end of the medial metatarsophalangeal sesa-
moid of first digit (Fig. 4A).

Thethree latter muscles fully replace m. interossei
of thefirst digit.

Mm. interossei in M. tridactyla consist actually of
eight muscles, which are arranged in pairs on the four
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Figure 5. The deep muscles of the left pesin Myrmecophaga tridactyla.
A —third layer; B — fourth layer. Abbreviations: abd. — abductor; add. — adductor; ext. — extensor; fl. — flexor; lig. — ligamentum; Mt.

111 — metatarsalialll.

lateral digits (Fig. 5B). All muscles originate from the
fibrous cover of the tendon of m. peroneuslongus. The
tendon extendsfrom the eminence of tarsaliaV+IV that
coversthe canal for m. peroneus longus on the plantar
side and runs abovethe metatarsal bonesand endsupon
tarsalia | and os metatarsi |. These fibrous ligaments
serve for strengthening the pes and also make the base
for the insertion of all mm. interossei. Furthermore,
each muscleisinserted into thelateral and medial labia

of the metatarsals. Two most lateral muscles called m.
flex. digiti quinti sensu stricto originate from the plan-
tar surface of tarsalia V+IV and insert into the corre-
sponding sesamoids (Fig. 5). According to the human
body anatomy, m. interossei medialisdigiti V would be
called the medial head of m. flex. digiti quinti brevis.
However, they can be called themedial and lateral heads
of mm. interossei plantaris because there is no single
muscle of mm. interossel in the dorsal side of the pes.
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In the brown bear, mm. interossei are six muscles,
each arising by two headsfrom three middle digits (Fig.
4). They originate both from theligamentsand from the
plantar surface of the matatarsals (on each ray and from
each other).

It is considered that a man have only two types of
mm. interossei of the pes, namely, mm. interossei plan-
taris and mm. interossei dorsalis: lateral and medial
mm. interossel dorsalis passing to the second digit, m.
interossel dorsalis located only on the lateral sides of
the third and fourth digits, and m. interossel plantaris
arising fromthelateral side of thethird and fourth digits
and from the medial side of the fifth digit (Sinelnikov,
1952). Mm. interossei in primates are observed bothin
the hand (dorsal and volar muscles) and in the pes
(dorsal and plantar muscles). In M. tridactyla there are
four mm. interossel in the hand and noneinthe pes. We

suppose that schema of the origin of mm. interossei
plantaris, dorsalisseu volaris (Cunningham, 1879, 1881,
Fitzwilliams, 1910; Jouffroy, 1962; Jouffroy et al.,
1971) inthe hand and foot are not in agreement with the
way of origin of them. interossei dorsalis. Thisiswell
demonstrated by the example of origin of the mm.
interossel dorsalisin human embrio (Ruge, 1878), where
these muscles are the simple dorsal projections of the
lateral heads of mm. interossei plantaris on the three
middle digits of the pes (Fig. 6).

In the brown bear, only a small part of lateral m.
interossei of the second digit appears on the dorsal
surface of the metatarsal while the others are situated
only onthe plantar surface (Fig. 4). Therefore, thereis
ample evidence that its three middle digits have two
mm. interossei plantaris, and further analogously that
its mm. abductor hallucis brevis and flex. digiti quinti
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Figure 7. The transference of the hindlimb bonesin run cycle of plantigrade mammals.

1-2, 9-15 — transfer phases; 3-8, 16 — foothold phases.

brevis are homologous to medial mm. interossi, and
mm. abductor digiti quinti brevis and flex. hallucis
brevis are homologous to lateral mm. interossei. Both
mm. interossel of the second digit are inserted into the
proximal end of the metatarsophalangeal joint and pass
further to join the extensor tendon of the second digit
on both sides; mm. interossei of the third and fourth
digitshave the same insertion.

The action of the pes muscles

During theterrestrial locomotion inthe giant anteat-
er, both the short and long muscles participatein the pes
work.

Above we have described only the short muscles,
but the functional features of the pesare discussed with
reference to data on all muscles that end on the foot.
The giant anteater is able to gallop (Shaw et al., 1985,
1987). Thus, we begin the discussion with the action of
pes muscles in gallop, the fastest allure which may
imprint onthe anatomy of locomotor organs (Gambary-
an, 1974). The pes work in gallop occurs in two un-
equal phases:. transfer (Fig. 7: 1-2, 9-15) and foothold
(Fig. 7: 3-8, 16). At the beginning of thetransfer phase,
after the foot has lost a contact with the ground, the
crus-to-pes angle is maximum. In human anatomy, the
ankle-joint flexion corresponds to what is called the
ankle-joint extension in monograph “How mammals
run”’ of Gambaryan (1974). Therefore, we use herethe
crus-to-pes angle rather than the ankle-joint flexion or
extension to avoid terminological confusion. This an-
gle decreasesin thefirst half of thetransfer phase (Fig.
7: 9-15) and then increases slightly in its second half
till the moment of pes contact with the ground when the
angle reaches the maximum for transfer phase.

The musclesresponsiblefor decreasing the crus-to-
pes angle at the beginning of transfer phase are m.
peroneus brevisthat ends at the lateral edge of the pes,
m. ext. hallucislongus, inserting together with the me-

dial tendon of m. ext. digitorum brevis, into the ungual
phalanx of the first digit, and also m. ext. digitorum
longus and m. tibialis anterior, which attach between
preceding two musclesonthepes. M. tibialisanterior is
especially well developed (Tab. 1) and ends in the
middle of the proximal pes end, which is the most
convenient to change theangle.

At the end of transfer phase the action of muscles
responsiblefor propulsion startsthat isresulted anew in
increasing of the crus-pesangle. Theangleincreasesby
contraction of al heads of mm. gastrocnemius and
plantaris inserted upon the apex of the tuber calcanei,
and also of m. flex. diginorum fibularisinserted into all
ungual phalanxes. Having provided the propulsive push,
the muscles proceed also their action at the foothold
phase which begins right after the heel touches the
ground. However, although the muscleswhichincrease
the crus-pes angle continuetheir action and the peslies
on the ground that would likewise increase this angle,
thetransfer of the body above the support rather causes
theangledecrease (Fig. 7). It keeps decreasing until the
heel detaches from the ground and then begins to en-
hance again to reach the maximum by the end of sup-
port phase.

At the foothold phase, the ground roughnessinduc-
es the action of the short muscles. Besides the muscles
inserted into the pes, propulsive pushisalso provided by
the more proximal muscular complexes of other hind-
limb jointsbut their work isbeyond our consideration.

Two heads of mm. gastrocnemius, soleus and plan-
taris are inserted into the apex of the tuber calcanei.
These muscles, together with m. flex. digitorum fibu-
laris, areresponsible for the support of the pesinto the
ground. In the giant anteater, m. soleus arises from the
fibula and is better developed than the other muscles
(Tab. 1). The great devel opment and topography of this
muscle are similar with such in the brown bear. Both
anteaters and brown bears can gallop and both have
well developed short pes muscles.
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Table 1. The muscles acting upon the pes.

A — muscles; B — absolute weight (g); C — percent of total weight of hindlimb muscles, D — weight of forelimbs mus-
cles respective to total weight of hindlimbs and forelimbs muscles (%); E and G — percent of total weight of all muscles
that act upon the pes in Myrmecophaga tridactyla (E) and Ursus arctos (G).

A B C D E G

gastrocnemius lateralis 155 1.13 0.42 7.54 4.61
gastrocnemius medialis 29.7 1.97 0.72 13.06 6.53
plantaris 9.5 0.65 0.24 4.34 21.19
soleus 30.3 2.08 0.77 13.84 12.17
tibialis anterior 234 1.64 0.60 10.64 7.71
ext. digitorum longus 13.8 0.95 0.35 6.30 7.98
ext. hallucislongus 13 0.09 0.03 0.63 112
peroneus longus 111 0.76 0.28 5.07 3.02
peroneus brevis 175 1.20 0.44 7.99 2.98
peroneus digiti quinti 0 0 0 0 1.05
tibialis posterior 10.7 0.74 0.27 4.89 4.71
fl. digitorum tibialis 6.5 0.45 0.16 297 244
fl. digitorum fibularis 22.7 1.56 0.57 10.37 14.85
fl. digitorum brevis 8.7 0.60 0.22 3.97 0.40
quadratus plantae 3.8 0.26 0.10 1.74 0.99
abd. digiti quinti 24 0.16 0.06 1.10 1.73
lumbricalisV 0.2 0.01 0.01 0.09 0.30
lumbricalis IV 0.16 0.01 0.00 0.07 0.18
lumbricalis|il 0.1 0.01 0.00 0.05 0.11
lumbricalis|I 0.06 0.00 0.00 0.03 0.06
interossei lateralis VvV 1.98 0.14 0.05 0.90 0.00
interossel lateralis IV 0.88 0.06 0.02 0.40 0.67
interossel lateralis |11 0.58 0.04 0.01 0.26 0.36
interossel laterdis|| 0.3 0.02 0.01 0.14 0.46
interossel medidisV 0.3 0.02 0.01 0.14 0.66
interossel medialis 1V 0.32 0.02 0.01 0.15 0.27
interossel medialis|l| 0.08 0.01 0.00 0.04 0.28
interossel mediais|| 0.32 0.02 0.01 0.15 0.38
abd. halucis 0.62 0.04 0.02 0.28 0.92
add. brevis| 0.22 0.02 0.01 0.10 0.20
add. brevisl|| 0.32 0.02 0.01 0.15 0.06
ext. digitorum brevis 4.63 0.25 0.11 212 1.63
muscles of the pes 218.97 15.05 551 100.00 100.00
posterior extremities 1454.87 100.00 36.80

anterior extremities 2498.38 171.73 63.20

posterior + anterior extremities 3953.25 271.73 100.00

The short muscles of the pes act separately or assist
the long pes muscles in their work. The m. flex. digi-
torum brevis, ending on the metatarsophalangeal sesa-
moids, has quite an independent influence on the pesby
increasing the tension in the metatarsophalangeal re-
gion. This increases the support force of the pes upon
the ground that is undoubtedly favorable for locomo-

tion. The mm. interossei carry out the same function.
Them. adductor hallucis actstogether with m. peroneus
longus to increase the pressure of the pes on its medial
side (Figs4, 5). Themm. abductor halucisand abductor
digiti quinti widen the pes by abducting the extreme
digits, and thus adapting the pes to the rough ground.
Thejoint action of different short muscles, each being



12 P.P. Gambaryan et al.

charged with a specific small function, provides suc-
cessful work of the pesin the run on the rough surface
of the soil.

The action of the mm. ext. digitorum longus and
flex. digitorumfibularis on the opposite sides of the pes
is worth attention being considered in more detail as
their tension increaseiscritical for thelocomotion.

M. ext. digitorum longusactsin the beginning of the
transfer phase and facilitates the transfer of the pesin
grasslands by raising the toes off the ground. The m.
flex. digitorum fibularis ends on the ungual phalanxes
of all fivedigitsand itsactionimprovesthe cohesion of
the pes with the ground at the support phase. The
terminal tendons of them. ext. digitorum longusand the
m. flex. digitorum fibularis serve also for the insertion
of such auxiliary muscles as the m. ext. digitorum
brevis and the m. qudratus plantae, respectively. The
importance of auxiliary muscles for locomotion and
their functions have been elucidated earlier (Gambary-
an, 1957).

Thus, in the common mole Talpa europaea, the
brachial heads of the m. flex. digitorum profundus
converts into the tendon that arises from the medial
epicondyle of the humerus and ends on the ungual
phalanxesof all fivedigits. Weak muscular fibers of the
radial and ulnar heads of the flexor insert upon the
middle part of its tendon. Although being apparently
weak, the muscular heads are essential agents in the
molelocomotion.

The point is that the forelimbs are subject to great
tension when the mole is digging the soil apart. This
tension is withstood by weak action of the radial and
ulnar heads of the m. flex. digitorum profundus which
have no need of being strong because the greater the
tension of the main tendon, the greater thetotal strength
of these heads (Gambaryan, 1957).

The short pes musclesin the giant anteater act by the
same mechanism: thetendons of them. quadratus plan-
tae are inserted upon the tendons of the m. fex. digi-
torum fibularis that increases the tension force of the
latter (Fig. 8B); the same is the effect of the m. ext.
digitorum brevis on the m. ext. digitorum longus (Fig.
8A). Thestronger the pull of thetendons of the m. flex.
digitorum fibularis, the greater the effect of the m.
quadratus plantae in strengthening the latter (Fig. 6).

Thus, the pull of thetwo short musclesin the anteat-
er straightens the tendons of the m. ext. digitorum
longus and the m. flex. digitorum fibularisin the same
way as the pull of the radial and ulnar heads upon the
tendon of the m. flex. digitorum profundusin themole.
It is worthy of note that the auxiliary muscles in the
anteater havelower relative weightsthan the main mus-
cles (Tab. 1): the weight ratio is about 3:1 for m. ext.
digitorum longus and m. ext. digitorum brevisand still
greater — 6:1 for themm. flex. digitorum fibularisand
guadratus plantae.

In moles (Talpidae), the weight of the m. flex.
digitorum profundus correlates with both the mecha-
nism of muscle action and the degree of burrowing

specialization. Thus, in highly specialized Mogera the
weight ratio of tendon of them. flex. digitorum profun-
dusto auxiliary headsisnearly 7:1 and in less special-
ized Neurotrichus— 5:1 (unpublished data).

Intheanteater, theterminal tendonsof themm. flex.
digitorum fibularisand ext. digitorum longusonly after
their bending to the pes convert into the tendons where
the auxiliary muscles are inserted and, thus can affect
on the main muscles. The m. flex. digitorum fibularis
plays more important role in the anteater locomotion
than m. ext. digitorum longus and so has the greater
weight relativeto the auxiliary muscles.

Discussion

Giant anteatersare highly specialized animalsfeed-
ing solely ontermites (Shawet al., 1985; Naples, 1999).
Their forelimbs are perfectly adapted to opening the
tight walls of termite nests that requires some special-
ization in burrowing (Young et al., 2003). To clarify
the degree of this burrowing specialization and the
imprint of adaptation to running on the pes anatomy of
giant anteater, we analyzed the weight ratios of the
forelimb-to-hindlimb muscles (Tab. 2). The weight of
the forelimb muscles is almost twice that of hindlimb
muscles. Thisweight proportion is evidence of ahigh
specialization in burrowing and also indicates that ad-
aptation to running is secondary. For better illustration
of the correlation between the degree of specialization
in burrowing and the weight ratio of the forelimbs to
hindlimbs muscles, we compared the giant anteater
with thearmadillo asarepresentative of the same order
Pilosa and with a number of specialized burrowers
from other orders (Tab. 2).

All armadillos are anyhow adapted to the burrow-
ing. However, most of speciesfeed by burrowing activ-
ity aswell as by searching carrion and fruits and there-
fore need to develop running more than burrowing.

Table 2. Weight ratio of forelimb and hindlimb muscles (%).
A — species; B — forelimb/hindlimb muscles weight ratio.

A B
Myrmecophaga tridactyla 17
Dasypus novencinctus 04
Chaetotragus villosus 0.8
Chlamyphorus truncatus 24
Eremitalpa grantii 44
Chrysochloris aureus 4.5
Talpa europaea 4.3
Mogera robusta 4.5
Neurothrychus gibsii 1.8
Spalax giganteus 3.3
Nanospal ax nerhingi 3.2
Myospalax myospal ax 3.0
Prometheomys schaposhnikovi 1.9
Ellobius lutescens 2.4
Ellobius tal pinus 22
Rattus norvegicus 0.6




Pes muscles in Myrmecophaga tridactyla 13

\ \ ext. digitorum longus /

Fi

F2

| 5;1»%17 A

ext. digitorum brevis

fl. digitorum fibularis

Fi

quadratus plantae 7

N7,

quadratus plantae

Figure 8. The diagram showing:

A — the influence of the m. ext. digitorum brevis pull upon the tendons of m. ext. digitorum longus: 1 — when the tendon of m. ext.
digitorumlongusisrelaxed; 2— when the tendon of m. ext. digitorum longusis strained; B — theinfluence of the m. quadratus plantae pull
upon the tendons of m. fl. digitorum fibularis: 1 — when the tendon of m. fl. digitorum fibularisis relaxed; 2 — when the | atter is strained.
It is evident that the pull force of auxiliary muscles (F1, F2) increases when the respective main tendons straighten. Abbreviations: ext. —

extensor; fl. — flexor.
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High extent of specialization in burrowing among the
armadillos is restricted to Chlamyphorus truncatus.
Thisis afossorial species which burrows fodder tun-
nels. Process of digging fodder tunnelsis a hard work
taking much energy and naturally influences on the
locomotor organs anatomy. In Chlamyphorus trunca-
tus, the musclesweight of forelimbs exceeds consider-
ably such of the hindlimbs.

The specialized burrowers from other orders of
mammals show similar tendency. Thus, in insectivo-
rous and rodents, which aswell as Chlamyphorus bur-
rows fodder tunnels the ratio of muscles weight of the
fore- to hindlimbs is in favor of the first of them,
increasing in highly specialized burrowers(Tab. 2). For
instance, thisratioisgreater in highly specialized moles,
such as Talpa, Mogera, and Scalopus, than in less
specialized Urothrichusand Neurotrichus. Among ro-
dents, in Spalax and Myospalax, highly specialized
burrowers the ratio of muscles weight of the fore-and
hindlimbs is also higher than in less specialized Ello-
bius and Prometheomys.

Although the anteater is a specialized burrower,
terrestrial locomotion playsagreater roleinitslifethan
in other specialized fossorial burrowers. It roams over
the open areas of prairiesin South Americalooking for
food and, besides, it can gallop when escaping from the
predators (Shaw et al ., 1985, 1987). This ability appar-
ently has controlled an adaptive change of its pes. The
reason is that its hindlimb muscles work in the same
way but with |esser effort in other types of locomotion,
and the locomotor organs are known to adapt to the
maximum effort if the smaller effort is provided by the
same action (Gambaryan, 1974). Thereported compar-
ison of pesmyology of the giant anteater with that of the
brown bear and some other plantigrade mammals
showed many features of similarity. Therefore, the fact
that the living giant anteater has a compl ete set of short
pes muscles should be rather interpreted as adaptation
to the running locomotion.

Conclusions

The giant anteater M. tridactylaisahighly special-
ized burrower which usually moves over the open areas
of prairies in search of food and can gallop when
escaping from the predators. We supposed that these
locomotor propertiesin the giant anteater are correlated
with the adaptive change of the pes and compared its
pes mycology to that of the brown bear.

The work of the pesin gallop includes two phases:
transfer and foothold. Thelatter ismoreloaded, and the
power of theinvolved musclesisnaturally much greater
than that of the musclesacting intransfer phase. Corre-
spondingly, the weight of the muscles that act in sup-
port phase (mm. gastrocnemius lateralis et medialis,
soleus, plantaris, flex. digitorum fibulariset tibialisand
all of the short muscles on the plantar pes surface) is
greater than theweight of those acting in transfer phase
(mm. ext. digitorum longus et brevis, ext. hallucislon-

gus, tibialis anterior, peroneus brevis and peroneus
digiti quinti). Thisdistinction in musclesratio is espe-
cially largein brown bear. Thus, theweight ratio of the
muscles involved in the phase of foothold relative to
those acting in transfer is about 3.3 in the brown bear
and about 2.4 in the anteater (Tab. 1). The difference
reflects various abilities to running of these two ani-
mals: theratio is greater in the brown bear, which runs
faster than the anteater.

Thus, the comparative analysis has shown that in
spite of some differences above mentioned the work of
the muscles acting on the pesin the giant anteater and
brown bear ismainly similar, and thisis consistent with
the general similarity of the anatomy of these muscles.
Thesimilarity suggestsalso that the pesmyology inthe
giant anteater bearsimprint of adaptation to the run.
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