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BIPEDAL HOPPING IN BIRDS AND RODENTS:
MORPHOLOGICAL AND EVOLUTIONARY ASPECTS
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Hopping in birds is confined exclusively to the perching birds, belonging to
the order Passeriformes. Being an adaption to move in canopies, it resulted in
the reduction of certain muscles and structures acting in the single support
phase of the locomotor cycle. These muscles and structures are not regained
by passerines which switched to running (larks, pipits, wagtails). Passerines
also lost most of the intrinsic muscles of the foot as they brought digits into
the parasagittal plane to ensure the firmer grip of the perch. Bipedal saltation
in rodents evolved as an adaptation to escape from predators in sparsely
vegetated areas. It has resulted in morphological changes, convergent to those
of hopping birds. Muscles responsible for any other movements of the limb
segments than flexion-extension are underdeveloped. The reduction of digits
and fusion of metatarsalia reach their extreme in Jaculus orientalis, which lost
all the intrinsic muscles of the foot.
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Introduction. Hopping on two legs in birds and mammals has been
studied both energetically and morphologically (Alexander, Vernon, 1975;
Clark, 1979; Alexander, 1980; Thompson et al., 1980; Hayes, Alexander,
1983; Moore et al., 2017). This type of locomotion in rodents has resulted not
only in the convergent evolution within the group (Berman, 1985) but in
certain convergence with hopping birds (Zinoviev, Kalyakin, 2018). Here we
analyze common morphological modification in hindlimb muscles of
hopping passerines and mammals within the evolutionary context.

Materials and Methods. We used the original data on the hindlimb
musculature of the hopping passerines summarized in the monograph
(Zinoviev, 2010). Personal anatomical observations and a number of
literature sources (Berman, 1985; Moore et al., 2017) were used to assess the
hopping rodents’ hindlimb musculature.

Anatomical terms follow the Nomina Anatomica Avium (Baumel et
al., 1993) and Nomina Anatomica Veterinaria (ICVGAN 2017).

Results and Discussion. Hopping birds. Hopping in birds is
confined exclusively to the perching birds, belonging to the order
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Passeriformes. Leg-muscle formula, created by Alfred H. Garrod (1874), and
later expanded (Hudson, 1937; Berger, 1959; Kurochkin, 1982; Zinoviev,
2007 a), was proved to be valuable in assessing basic locomotor
specializations of birds on the level of family (Zinoviev, 2007 a). Most of the
passerine birds have a surprisingly complete leg-muscle formula, which only
lacks m. iliofemoralis externus, m. ambiens, m. popliteus, and vinculum
tendinum flexorum. Lacking components of formula reveal basic locomotor
adaptation of the group. All the lacking structures are acting during the single
support phase. M. iliofemoralis externus prevents the passive adduction of
the femur by the force of gravity acting on the body (Zinoviev, 2007 a). M.
ambiens is energetically efficient in keeping the leg’s pose in the middle stage
of a single support phase (Kuznetsov, 1995). M. popliteus adds to the inward-
rotation of the tibiotarsus during single support phase (Zinoviev, 2007 a).
And, finally, vinculum tendinum flexorum unites m. fibularis longus, m.
flexor perforates digiti 111, and m. flexor perforans and perforatus digiti I11
in one system, which resists overextension of the third toe at the end of single
support phase (Zinoviev, 2007 a). The absence of the aforementioned
components characterizes passerine birds as adapted to the type of
locomotion with no single support phases, namely to the hopping. So-called
“running passerine birds” (e.g. Menurae, Pittidae, Alaudidae, Motacillidae)
still lack the discussed components, indicating their ancestry among hopping
passerines. Hopping adaptation of passerines is also related to the reduction
of the intrinsic muscles of the foot. Responsible for individual movements of
the digits (mainly adduction and abduction), they are not needed in passerine
birds which keep digits as close to the parasagittal plane as possible to ensure
the firm grip of the perch.

Bipedally hopping rodents. As | have no purpose to describe in
detail the morphological adaptations of all the hopping (or saltating) rodents
treated substantially elsewhere (Berman, 1985) | would specifically mention
those, related to the absence of single support phases. Most of the muscles,
or, rather, muscle complexes (e.g. m. quadriceps femoris complex) important
in producing the take-off velocity are enlarged, while many of the muscles
and muscle groups responsible for movements other than the parasagittal
plane have undergone reduction (Berman, 1985). This is strikingly similar to
hopping passerines, which show well-developed shank and tarsometatarsus
extensors, while adductors and pronators are underdeveloped or altogether
absent. The similarity is going even further. Hopping rodents lack many of
the intrinsic muscles of the foot, with Jaculus orientalis lacking them all
(Berman, 1985). As most of the intrinsic flexors and extensors have large
synergists on the shank, their reduction is expected in animals with elongated
metatarsals and requirements to lighten the foot. Digits, brought in
J. orientalis together into the parasagittal plane do not require abduction and
adduction, as this jerboa is moving primarily on the firm ground.
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Conclusion. Hopping passerines and rodents show certain similarities
in the hindlimb morphology. Most of the similarities are related to the
absence of the single support phase in hopping. This brings the reduction of
muscles responsible for any other movements than flexion-extension. The
reduction of many intrinsic foot muscles in birds and rodents is related to the
restriction of the digital movements by the parasagittal plane. Similar changes
are brought to life by different actors. These are hopping in canopies in
passerine birds and hopping on the ground in rodents.
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ABYHOI'ME IIPBIKKHA Y IITUL U MUIEKOIIUTAIOIIUX:
MOP®OJIOI'NYECKHUE U 3BOJIOLIMOHHBIE ACIIEKTbBI

A.B. 3unoBBEB
TBepckol rocyaapCcTBEHHBIM YHUBEPCUTET, TBEPH

IITunel, mnepenBuraroliiecs MOpU MOMOIIM MPBDKKOB. MPHUHAMJIEkKAT
WCKITIOYUTEIHLHON K OTpsimy BopoOsmHOOOpasHbie. byayun amanrarnmeid k
MEPEABIKEHNIO B KPOHAX, IBYHOTHE HPBDKKM CBSI3aHBI C PEOYKLHMEH psaa
MYCKYJIOB, UCTIONIB3YIOIIUXCS BO BpeMs OJJHOOIIOPHBIX (a3 JIOKOMOTOPHOI'O
OUKIAa. DTH MYCKYJIBI U CTPYKTYPBI OTCYTCTBYIOT Jake€ Y BOPOOBHHBIX,
BTOPHYHO MEPELIeNIINX K TMEPEIBIKEHHIO C OJHOOMOPHBIMH CTaIUsIMH
(’xaBOpOHKH, KOHBKH, TPSCOTY3KH). BOpOObHHBIE NTHUIIBI TaKXKe YTPATHIH
6OJ'II)]_III/IHCTBO MYCKYJIOB 1LE€BKH, MAaKCUMAJIbHO TIPUBEAA IMajblbl B
IUIOCKOCTh, HEPHEHAMKYISAPHYIO OCH HacecTa (pas3jIM4Hbleé BapHaHTHI
CHUHIAKTHINH). Y MIJIEKONHUTAIOUIMX ABYHOTas JIOKOMOLMS IPH TOMOIIN
NPBDKKOB BO3HHUKIIA KaK aJalTalysad K yXOAy OT XHMIIHMKOB Ha OTKPBLITBIX
npoctpancTBax. IIpn 3TOM mpocnexuBaeTcs psii KOHBEPIeHTHBIX 4YepT B
MPBITAIOMMMH NTHLAMH. MYCKYJbl, OTBETCTBEHHbBIE 3a IBIDKEHHS BHE
HapacaFHTTaHBHOﬁ IIJIOCKOCTH, Y MPbITAaIONIUX MIJICKOIIHMTAIOMINX PAa3BUTHI
crnabee. Pexykiust manblieB v CIUSHHAE IUTFOCHEBBIX KOCTEH JOCTHTaeT CBOETO
MaKCHMyMa y BOCTOYHOro Tymkanuyuka (Jaculus orientalis), yrparuBmiero
BCC NMCTAJIbHBIC MYCKYJIbI CTOIIBI.
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