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Abstract. Biomorphological features of muscles, fixation points,
differentiation, plumosity and the degree of each muscle and muscle
groups development were found. Percentage ratio of the mass of the hip
flexor muscles of representatives of Gruiformes series to the mass of the
extensor muscles was found. The article presents the summarized results
of the original system morpho-functional and morpho-ecological research
of muscles of the bipedaly locomotion apparatus of birds, in particular of
number Gruiformes, type swans. For the first time it is provides a detailed
design of comparative anatomy of birds pelvic limbs, accompanied by
unique historical overview and covers more than two-thousand-year
period. It was hold the analysis of some significant morphological
structures, that gives a key to the reconstruction of the adaptive evolution
of any group of birds. Also it is described biomorphological features of hip
joint’'s muscles of the genus swans. It was found that representatives of
the given number have a degree of differentiation of hip joint's muscles,
caused by walking type of bipedaly locomotion and biomorphological
features of static, which in turn imposes certain imprints on the degree of
development of each muscle of the hip joint.

What is biomorphology as a separate line of morphology? This is the
synthesis of ecology and morphology of different taxonomic groups of birds,
since each type has its own ecological niche, outside which it can not exist.
Nowdays scientist are interested in the current issues, concering inter-specific
features of static and locomotion of various species of birds. Each single
species of birds is unique by its anatomical components, arising from their
adaptation to life in different environments and functional load of the body
weight, what is confirmed by our study. Birds are well adapted to the different
conditions of existence: to live in swamps, aquatic life in air, in forests and
thickets, on plains and rocks. Modern biomorphology studies not only
morphological features of the body structure, in this case of birds, but the
habitat that could affect on the differences of the various organs. For example,
many birds use air as a travel medium and as a medium of food production,
and spend most of the day in flight. They have the most developed aircraft.
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Some birds use water as habitat and food production, and also have suitable
adaptations, that have evolved in two directions: adaptation of wings and
adaptation of legs.

Keywords: birds, biomorphology, hip joint, muscles

Introduction.The suspense of these questions complicates the
objective understanding of the principles of biomorphological adaptations of
musculoskeletal elements of hip and causes erroneous conclusions. A major
methodological shortcomings in the study of morphogenesis of muscle tissue
is that their formation and development are considered in isolation from the
development of the skeletal system. Skeletal elements are considered only as
a substrate for the muscles fixation. Consequently, one of the main purpose of
modern biomorphology remains the problem of creation of close relationship
between form, structure and function of the musculoskeletal elements in the
gravitational field of the Earth [1-3; 5-7].

Analysis of recent research and publications. Morphological study of
the skeleton and muscles of modern birds were initiated by fundamental work
of Furbringer M., Gadow H., Selenka E. In these studies the authors focused
on comparative anatomical features of the skeleton in some of representatives
of all ranks of class of birds [4].

Research purpose: to study the features of the muscles, their fixation,
differentiation, branching and degree of development. To establish the
percentage ratio of the masses of flexors to extensor muscles of the hip joint
of the order Gruiformes.

Methods and materialsof research. The work was performed at the
Department of Animal Anatomy named after academician Vladimir G.
Kas'jJanenko of National University of Life and Environmental Sciences of
Ukraine (Kyiv, 2013-2016). Research was conducted on 7 representatives of
order Gruiformes, namely on 18 instances. The studies of muscles of hip were
performed on the cadavers, fixed by 10 % solution of formalin. The names of
the muscles that affect the hip joint were described according to a unified Latin
nomenclature of anatomy of birds with detailed illustrations that were later
upgraded (1979).

The results of own research and discussion. After determining the
total weight of each studied bird, we miscalculated the ratio of the total weight
to the total mass of muscles, acting on the hip joint. It is established that the
ratio ranges from 0,4 to 1,3 %.

Among mm. flexo-abductorae articulatio coxae in Gruiformes
(Anthropoides virgo, Balearica regulorum, Grus grus, Grus antigone, Porphyrio
porphyrio, Otis tarda, Gallinula chloropus), m. iliotrochantericus caudalis is the
most massive and begins from the cranial edge of os illii with muscle, and the
muscle body is flat against the lateral surface of concavity of os illi. In
Porphyrio porphyrio between m. iliotrochantericus caudalis et m. iliotibialis
lateralis a common aponeurosis field is formed. The muscle ends with tendon
on the lateral surface of the trochanter femoris. The most developed m.
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iliotrochantericus caudalis in the investigated Gruiformes is in Grus grus (69,8
%), the least — in the Gallinula chloropus (26,2 %). For internal structure this
muscle is bifeathery.

M. iliotrochantericus cranialis begins from the distal edge of os illii. In
most studied species it begins with muscle-aponeurosis, but in Gallinula
chloropus — with muscle. It ends in the distal half of trochanter on the lateral
surface of os femoris. The muscle ends, as it begins, with muscle-
aponeurosis, but in Gallinula chloropus — with tendon. On the lateral surface of
the muscle aponeurosis field is clearly expressed. In most studied species this
muscle has a longitudinal fibers, but in Anthropoides virgo et Grus antigone —
bifeathery. The most developed m. iliotrochantericus cranialis is in
Anthropoides virgo (13,4 %), and the least — in Otis tarda (7,7 %).

M. iliotrochantericus externus begins with muscle from the caudal edge
of the crista dorsalis illii, but in Grus grus — with muscle-tendon. It ends with
tendon on the lateral surface of trochanter femoris. According to the degree of
development this muscle is most developed in Porphyrio porphyrio (6,3 %), but
much less — in Otis tarda (0,6 %). For internal structure m. iliotrochantericus
externus has some differences. Thus, in Anthropoides virgo it has longitudinal
fibres, in Gallinula chloropus, Balearica regulorum, Grus grus, Grus antigone it
is monofeathery and in Porphyrio porphyrio et Otis tarda — bifeathery.

For the internal structure m. iliotrochantericus internus is longitudinal
fibrous. It begins from the caudo-ventral half of os illii with muscle, and ends
on the medial surface of the diaphysis of os femoris with muscle. This muscle
is found in all investigated Gruiformes, except Gallinula chloropus. It is most
developed in Porphyrio porphyrio (2,0 %), and least — in Grus grus (0,4 %).

Fig. 1. Muscles of the hip joint of Porphyrio porphyrio (lateral surface):
1 — femur; 2 — ilium; 3 — medial obturator muscle; 4 — ischial foramen; 5 — ischial
bone; 6 — pubic bone; 7 — ischiopubic gap which is filled by tendinous membrane; 8 —
ventral ischiofemoral muscle

M. iliofemoralis is found only in Porphyrio porphyrio of investigated
Gruiformes. This muscle begins from the caudal part of os illii, under crista
dorsalis illii, with muscle. It ends on the caudal surface of the proximal

64



epiphysis of os femoris with muscle-aponeurosis. For internal structure it is
longitudinal fibrous.

Investigated muscles mm. extenso-adductorae also have some
differences. So, m. ischiofemoralis in Gruiformes begins at the caudal edge of
alla ischii with muscle, and it ends on the caudal surface of the proximal
epiphysis of os femoris. The type of this end has some differences. Thus, in
Gallinula chloropus, Porphyrio porphyrio, Grus grus et Anthropoides virgo it
ends with muscle-tendon, and in Otis tarda, Balearica regulorum et Grus
antigone — with tendon. This muscle is the most developed in Balearica
regulorum (14,8 %), and the least — in Gallinula chloropus (4,4 %). For the
internal structure in Grus grus, Balearica regulorum, Grus antigone et
Anthropoides virgo, and Gallinula chloropus this muscle is monofeathery, but
in other studied species - longitudinal fibrous.

M.obturatorius medialis in studied Gruiformes has a typical for birds
points of fixation. However, in Grus grus et Balearica regulorum it is
differentiated into three legs: proximal, middle and distal. Proximal and distal
legs are muscles, and themiddle one is tendon, and in relation to others, it is
very long. It should be noted that in the caudal part the muscle has poorly
differentiated additional muscle body. For the internal structure in Grus grus et
Balearica regulorum, and Otis tarda, the muscle has longitudinal fibers, in
Anthropoides virgo it is monofeathery, and in Grus antigone, Gallinula
chloropusu et Porphyrio porphyrio — bifeathery. Regarding the degree of
development, the most powerful muscle is present in Gallinula chloropusu
(39,3 %), and least developed in Grus grus (4,8 %). We described the
differentiation for the first time.

M. caudofemoralis is found only in Anthropoides virgo et Gallinula
chloropusu. It begins under basis pigostyli with long thin tendon, and forms a
single structure with the same muscle on the opposite side. It ends on the
caudal surface of diaphysis of os femoris with m. ischiofemoralis superfacialis
in muscle. For internal structure it is longitudinal fibrous. In Gallinula
chloropusu — 3,9 % and in Anthropoides virgo — 1,8 %.

M. puboischiofemoralis is not peculiar to all Gruiformes. In our studies, it
is found only in Porphyrio porphyrio et Otis tarda. Muscle begins in caudal-
distal surface of the os pubis with muscle, and ends on the caudal surface of
proximal half of os femoris with muscle. In Otis tarda it is differentiated into
two heads: lateral and medial. For internal structure, the muscle is
monofeathery. The weight of the muscle in Porphyrio porphyrio is 0,8 %, in
Otis tarda — 25,2 %.

The following muscles that belong to mm. adductorae, we also
discovered and described for the first time. The lateral femoral-obturator
muscle (m. obturatorius lateralis), which according to the points of fixation
corresponds to femoral-obturator (m. obturatorius), in Gruiformes is found only
in Anthropoides virgo (0,4 %). It begins slightly distal m. obturatorius medialis
with muscle, namely on the ventro-cranial surface of foramen obturatum. It
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ends on the caudal surface of the proximal epiphysis of os femoris. For
internal structure, it is longitudinal fibrous.

M. ischiofemoralis ventralis starts from the lateral surface of the os ischii
with muscle aponeurosis. The muscle is partially fixed on the edges of os
pubis, but the main part of it is fixed above foramen ilioischiadicum. It ends on
the medial surface of the proximal epiphysis of os femoris, but among
Gruiformes it is found only in Porphyrio porphyrio (0,5 %). For internal
structure it is monofeathery.

Discussion. It is established that the ratio of the total mass of muscles
acting on the hip joint to the total body weight of each studied bird ranged
from 0,4 to 1,3 %.

The ratio of mass of muscles among Gruiformes in flexion-abducting
group ranges from 39,3 to 84,7 %, extensor-adducting — from 15,3 to 60,7 %,
adducting group — from 0,4 to 0,5 %.
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BIOMOP®OJIOINA M'A3IB TASOCTEMHOBOI'O CYINOBA AEAKUX
NMPEACTABHUKIB PAAY XKYPABJIENOAIBHUX

H. B. Opy3b
AHomauiss. BcmaHoerneHo 6iomopgbornoaiyHi ocobriueocmi  M’s3ie,

ikcauisa, ougbepeHuyiayis, nepucmicmb ma cmyriHb pPO38UMKY KOXHO20
oKpemoz2o Ms3a abo MsA308ux epyn. BcmaHosneHo — eidcomkose
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CrigeiOHOWEHHST ~Macu M'S3i8  32uHa4ie  ma3ocmezH08020  cyarioba
rnpedcmasHukie psidy xypaenernolibHuUx o Mmacu M'si3ie po3auHadis.

B cmammi Hagodumbcsi 0emaribHa po3pobKka Mopi8HsIIbHOI aHamomii
ma308uUX KIHUIBOK rnmaxie, Wo CyrnpoB80O0XyembCs YHIKarbHUM iCMOPUYHUM
oensgidom ma oxonne binbw Hixx 0somucsqonimiit nepiod. [MposedeHo
aHarnia o0esikux 3Hadyuwux MopghosiogiyHUX cmpykmyp, wo 0ae Krodi 00
peKkoHcmpykuii  adanmueHoi  egosntoyii  6yOb-gKoi  epynu  nmaxie. Takox
gukriadeHo b6iomopghorioaidHi ocobnueocmi M's13i6 ma3ocmezHo8020 cyearnoba
npedcmasHukie psdy xypaenernolibHux. BcmaHoerneHo, wo y rnpedcmasHUuUKig
OaHoeo psidy cmyniHb OugbepeHuiayii M'si3i8  ma3ocmeaHo8o20 cyeroba
0bymMo8rieHO  Kpokyrodyum muriom  6inedasibHOI  JIOKOMOUJi, a maKkox
b6iomopgbornoeiyHUMU  ocobriugeocmsaMU  cmamuku, WO, Yy CB80KH Yepey,
Haknadae resHi 8i0bumku Ha cmyriiHb PO38UMKY KOXHO20 OKpeMo20 M's3a,
W0 BUKITUKaOMb pyxu 8 ma3ocmeaHo8oMy cyarobi.

Bbiomopagboriozis sik okpemul Harpsim Mopghosioaii— ye cuHme3s ekorsioeii ma
mopaporioeil, 60 KOxXeH 8UO Hece CB80K EKOJIO2iHHY Hily, 3a Mexamu SIKOI
ICHygamu He Mo)e. HUHIWHIX 84eHUX Uikagumb MUMaHHs, WO CMOoCyembCs
Mixxeudosux ocobriusocmeti cmamuku i JIOKoMouji pisHUXx eudie nmaxig. KoxxeH
OoKpemull eud nmaxie — yHikarnbHUU C80IMU aHamoOMIYHUMU KOMIMOHEHmMamu, SKi
BUHUKIIU Ha OCHO8I rpucmocysaHHs1 ix 00 Xumms 8 pPi3HUX cepedosuwax i
OyHKUIOHaIIbHUX HagaHmMaxXeHHsIX 3 60Ky macu mina, wo i nidmeepdXxyroms Halli
odocnioxeHHs. Mmaxu dobpe npucmocysanucsi 00 Pi3HUX YMO8 iCHy8aHHSI. 00
XXummsi 8 6orilomax, 800HO20 €riocoby xumms, 8 rnosimpi, sicax | YazapHuUKax, Ha
pieHUHax abo ckensix. CydacHa 6iomopgborioeisi sugdyae He MiribKu MopPhOrioaidHi
ocobrnusocmi 6ydosu mina, e OaHOMy eurnadKy nmaxie, a U cepedosule
rpoxueaHHsi, sike 6 Moero 8rAuHymu Ha IOMIHHOCMI muX YU [HWUX Ope2aHie.
Harnpuknad, 6azamo nmaxie, euxkopucmosyroms rosimpsi 5K cepedosulle
rnepecysaHHsi i ik cepedosuwie sudobymky ixi, birbwy 4acmuHy 0obu rpoeodsims
y nonbomi. BoHu Maromb cam nimanbHuld  anapam. [esiki  nmaxu
8UKOPUCMOBYIOMb 1108IMps, Sk cepedosulle iCHys8aHHs1 i aUOOBYMKy ixXi, Maromp
8i0roeiOHi  npucmocyeaHHs.Po3sumok eidbysaecsi 3a 0e8oma  HarpsiMamu.
rpuUCMOoCy8aHHs Kpusl i MpUCMOCy8aHHs Hie.

Knroyoei cnoea. nmaxu, 6iomopghosniozisi, mazocmeaHo8ul cyaro06,
M'sa3u

BUOMOP®ONOInA MbilliL| TABOBEJPEHHOIO CYCTABA
HEKOTOPbBIX MPEACTABUTEJIEUN OTPAOA XXYPABJIEOBPA3HbIX

H. B. Apy3b

AHHomauyus. OrnpederneHbl buomopghorioaudeckue ocobeHHocmu Mbilil,
moYKu bukcayuu, OuggepeHyuayus, nepucmocmes U cmerneHb pa3sumusi
KaxkOoU omaOesibHOU MbIWUbI UU MbIWEYHbIX 2pyrr. YCmaHo81eHo rnpoyeHmHoe
COOMHOWeHUe Maccbl MblWwl, caubamernel ma30bedpeHHo20 cycmasa
rnpedcmasumeriel ompsida XypaeneobpasHbiX K Macce Mbiwy, pa3aubamered.
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B cmambe npusodumcsi OemaribHasi pa3pabomka cpasHUMeEsbHOU
aHamoMuu ma3s08bIX KOHe4YHocmeu rmuy, COrpo8oXoarouwasiCsl yHUKaslbHbIM
ucmopu4eckum 0630poM U oOxeambigaem rnepuod boriee A8yx mbicsdaem.
[posedeH aHanu3 HeKOMOoPbIX 3Ha4yUMbIX MOPGHOI02UYECKUX CMPYKMyp, 4mo
daem KoY K PEKOHCMpPYKUUU adanmueHoU 3eonouyuu ribol epyrrbsl nmuy.
Takxxe usrnoxeHbl buomopghorioaudeckue ocobeHHocmu Mbitul ma3obedpeHHo20
cycmaea npedcmasumerneli ompsida XypaerneobpasHbiX. YCmaHO8/1eHO, 4Ymo Yy
npedcmasumenel O0aHHO20 psida cmereHb OughghepeHyuayuu  Mbily,
ma3sobedpeHHO20 cycmaea obycriogrieHa wazarouwum muriom burnedasibHou
JIOKOMouuU, a makxe 6uomMopghorioaud4ecKUMU OCOBEHHOCMSMU CMamuku, 8
c80H0 04epedb, amMo Hakradbigeaem orpedernieHHbIU Omne4yamoK Ha CmereHb
pa3eumusi Kaxxool omaoesibHOU MbILUUbI.

buomopagborniocusi kak omodernibHoe HarpasrneHue Mopgorosut— 3Mmo
CUHMe3 3Kosio2uU U MOPhorioauU pPasuyHbIX MaKCOHOMUYECKUX 2pyni nmud,
MOCKOMbKY KaxObIll 8UO UMEEm C80K 3KOMI02UYECKYI0 Hulwly, 3a npedenamu
Komopol cyuiecmeogame He Moxem. HbIHeWHUX y4eHbIX UHmepecyem 80orpoc,
Kacarouwutcs mexxeudosbix ocobeHHocmel cmamuKu U JIOKOMOUUU Pa3fiuyHbIX
gudos nmuy. KaxObili omoesnbHbIl 6ud nmuy — YHUKarbHbIU C80oUMU
aHamoMU4YeCKUMU  KOMIMOHeHmamu,  Komopble  803HUKIIU ~ Ha  OCHoge
rpuUCrocobrieHUsT K XXU3HU 8 pasHbIx cpedax U pasHbiX hyHKUUOHAaIbHbIX HagpyoK
CO CMOPOHbI Macchl mesna, 4Ymo u nodmeepxxdarom Hawiu uccriedosaHus. [Tmuupbi
XOPOWO MpUCrocobunuch K pasfiudyHbIM yCIo8USIM CYyWEeCme0o8aHUsT: K XU3HU 8
6osiomax, 800HOMYy 0bpa3y Xu3Hu, 8 8030yxe, 8 Jlecax U KycmapHuKkax, Ha
pasHUHax urnu ckarnax.

CospemeHHasi 6uomopghbonoaus usyyaem He moribKO
Mopcgbosioaudeckue ocobeHHOCmMuU cmpoeHusi mersna, 8 0aHHOM cCry4ae nmuu,
HO U cpedy obumaHusi, Komopas Moana Mosenusime Ha pasfuyus mex usnu
UHbIX op2aHo8. Hanpumep, MHO20 nmuuy, UCMOMb3yrm 8030yX 8 Kadyecmee
cpeldbl nepedsuxXeHusi, U Kak cpedy 00bbiyu nuuwu, 60nbwWyo Yacme CymoK
npoeodsim & noneme. OHU uUMem caM JiemamersibHbIU — arnnapam.
Hekomopbie nmuupkl ucronb3yrom Kak cpedy obumaHusi u 006biqu nuwu
800y, makxe umerom coomeemcmayrouwjue npucrnocobrnieHus, pa3susarnuck 8
08yx HarpasrieHusiX: npucrocobrieHue Kpbirbea u rpucrocobrieHue Hoe.

Knro4yeeblie cnoea. nmuubl, 6uomopghosioausi, ma3obeopeHHbIl
cycmae, Mblwuybl
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