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The development of the scapular part of the pectoral girdle was traced from the limb bud stage to the meta-
morphosis climax in three anuran species of different families: Rana temporaria, Bufo bufo, and Bombina
bombina. It was found that the scapular part originates from two independent anlagen — the “upper-scap-
ular” and the “lower-scapular”. These anlagen fuse together forming a unified cartilaginous element at the
stage of young (nonhypertrophied) cartilage. The boundary between the definitive scapula and the supra-
scapula passes within the lower anlage. This boundary is a synchondrosis arising under the influence of m.
interscapularis. The ratio of the scapula and the suprascapula length is determined by the place of m. inter-

scapularis formation.
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INTRODUCTION

In Anura the scapular part of the pectoral girdle
comprises the bony scapula and suprascapular carti-
lages with the overlaying cleithrum. Attention of au-
thors, who studied its development, was chiefly at-
tracted by the genesis and growth of the dermal ossi-
fication — the cleithrum (Goette, 1877; Gegenbaur,
1895; Schmalhausen, 1917; de Villiers, 1922). The
cleithrum appears in ontogenesis rather late — just
before the metamorphosis, when the scapula and the
suprascapular cartilage have already got the propor-
tions that are maintained in adults. Braus (1909) in-
vestigated the development of the pectoral girdle
starting from the formation of the forelimb buds to
the beginning of the metamorphosis in yellow-bellied
toad (Bombina variegata). Unfortunately, he did not
provide a detailed description because of insuffi-
ciency of material. Thus the formation and the early
developmental stages of the cartilaginous elements of
the anuran pectoral girdle have not been well studied
yet. The aim of this work was to investigate early
stages of development of the scapular part of the anu-
ran pectoral girdle.
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MATERIAL AND METHODS

Were studied species belonging to three anuran
families (Ranidae, Bufonidae, and Discoglossidae):
common frog (Rana temporaria L.), common toad
(Bufo bufo L.), fire-bellied toad (Bombina bombina
L.). Eggs of common frog and common toad were
collected in the vicinities of St. Petersburg (Russia).
Eggs of fire-bellied toad were obtained in laboratory
from breeders taken from the natural habitat in Bel-
gorod region (Russia) in spring, 1998. Tadpoles of
three species were reared in laboratory using standard
techniques (see Dabagian and Sleptsova, 1975; Iva-
nova and Pyastolova, 1979; Lang, 1988/89). Tad-
poles were sacrificed in Bouin’s solution and then
were embedded in paraffin with using standard meth-
ods. Larvae of all the species studied were staged ac-
cording to the normal tables of Rana temporaria (see
Dabagian and Sleptsova, 1975). We used specimens
from the limb bud stage till the end of the metamor-
phosis. Totally, 51 specimens of Rana temporaria,
44 specimens of Bufo bufo, and 22 specimens of
Bombina bombina were studied histologically. Serial
paraffin histological sections of 7 — 13 mm thickness
were made in three standard planes and the slides
were stained by hematoxylin of Delafild and eosin
using standard methods. Besides that the histological

1026-2296/2001/0803-0 195 © 2001 Folium Publishing Company



196

Natalja V. Baleeva

Fig. 1. Schematic presentation of the organ arrangement in the anterior part of the body of the anuran larva: a) at the level of mid-length of
the operculum (ear capsules level); b) at the level of the hinder part of the operculum (forelimb bud level). The places of formation of
the upper- and the lower-scapular condensation are shown by dotted line and dots. Abbreviations: abd) abdominal cavity; ec) ear capsule;
) gut; h) heart; /iv) liver; [.b) forelimb bud; /.4) lymph heart; /-sc) lower-scapular condensation; #) notochord; n.a) neural arches;
m) myomeres; op) opercle with gills; ph) pharynx; prn) pronephros; s.c) spinal cord; u-sc) upper-scapular condensation.

sections through the larvae of Bombina bombina
stained by hematoxylin and eosin, which were made
by V. G. Borkhvardt in 1991 were reexamined. No-
menclature for muscles, nerves and blood vessels
was used according to Gaupp (1896, 1899), and Noz-
drachev and Polyakov (1994).

RESULTS

Topography of organs in the anterior part

of the tadpole body in Rana temporaria,
Bufo bufo, and Bombina bombina

(Fig. 1)

The anterior part of the body has similar topogra-
phy of organs in all three species studied. It is em-
braced by vast operculum, which contains gills and
limb buds, ventrally and laterally. A big paired pro-
nephros is situated in the anterior part of the body lat-
erally from pharynx and lungs. The pronephros occu-
pies second and third segments of the body between
ear capsule and abdomen. Its upper margin lying on
the level of notochord and the lower one reaches the
level of abdomen. Laterally the pronephros contacts
the integument and vast lymphatic sacs, lying under
the skin. There is some free space remained between

the upper margin of the pronephros and the lower
edge of myomeres.

Development of the scapular part
of the pectoral girdle

Rana temporaria

Stages 39 — 40. The forelimb buds arise from the
body of larvae at the level of the lower part of the
pronephros. They are filled with dense mesenchyme
tissue. The space between the pronephros and the
base of the limb bud is filled by loose mesenchymal
cells. The same loose mesenchyme is situated above
the pronephros on the distance of one and a half of a
segment from the ear capsule back to the lymphatic
heart (Figs. 1, 2a). Rare mesenchymal cells occur
along the lateral surface of the pronephros between
the pronephros and integument. Thick nervus spinalis
II goes along the caudal part of the pronephros lateral
surface reaching the base of the limb bud. Very thin
n. spinalis IIT passes in the close vicinity of n. spinalis
II but more caudally. Before entering the limb bud it
fuses with n. spinalis II forming plexus brachialis.
One branch of pl. brachialis embraces the pronephros
from below and separates the mesenchyme of the
limb from the mesenchyme of the body. The other
branch enters the upper-anterior part of the limb bud



Scapular Formation in Anurans

(Fig. 2b). Not far from the latter a big blood vessel —
arteria subclavia — goes into the forelimb.

Stages 41 — 42. Cell condensation of the hume-
rus appears in the limb. An aggregation of mesenchy-
mal cells lies above the humerus, near the fore edge
of the limb bud base. It is referred hereafter as the
“lower-scapular” one. The mesenchymal condensa-
tions of the prospective coracoids lie under the hume-
rus level. Having entered the limb bud, the branch of
the plexus brachialis separates the lower-scapular
condensation from the mesenchyme, which lies un-
der it.

Stage 43 —44. The deposition of cartilaginous
matrix begins in the humerus anlage. The lower-sca-
pular cell condensation stretches upward embracing
the pronephros lower part in a shape of a crescent.
The m. dorsalis scapulae is formed outside the upper
half of the lower-scapular cell condensation. Mesen-
chyme continues to accumulate between the proneph-
ros and the myomeres, opposite the second myo-
septum.

Stage 44. The lower-scapular condensation elon-
gates upwards but does not reach the upper part of the
pronephros. Chondrification starts within the lower
part of the latter. The glenoid cavity is formed at the
place of contact of the humerus and the cartilaginous
anlagen of the girdle (Fig. 2c¢). A cell condensation
appears between the pronephros and myomeres
slightly forward to the second transverse myoseptum
at the level of the dorsal edge of the notochord. It is
named here the “upper-scapular” condensation.

Stage 45. The lower-scapular cell condensation
becomes larger. Its cartilaginous lower part is elon-
gated vertically. Chondrification starts at the mid-
height level of the upper-scapular condensation. Me-
senchyme condensates along the lateral surface of the
pronephros between the lower- and the upper-scapu-
lar cell condensations. Presumptive m. dorsalis scap-
ulae goes along the whole length of the lower-scapu-
lar condensation. Its cells are at the stage of myo-
blasts.

Stage 46. The lower-scapular cartilage goes up-
ward above the pronephros and incurves inside the
body of larvae at a straight angle. The upper-scapular
cartilage is elongated. The lower- and the upper-scap-
ular cartilages are separated by a dense mesenchymal
layer. Both cartilages are similar in length (Fig. 3a).
The extension of these cartilages along longitudinal
body axis (the width of cartilage) is approximately

Fig. 2. Frontal (@) and transverse (b, ¢) sections through the fore-
part of the body of Rana temporaria larvae at stages 40 (a, b) and
44 (c). The head is on the left on frontal sections. Abbreviations:
a.sub) arteria subclavia; g/) glenoid cavity; Am) humerus; mes)
loose mesenchyme above pronephros; n.sp.Il) nervus spinalis II;
pl.b) plexus brachialis. See Fig. 1 for other abbreviations. Scale
bar: 105 pm (a), 180 pm (@, ¢).

equal. M. dorsalis scapulae extends from the humerus
to the upper part of the lower-scapular cartilage. Its
cells begin to be organized in myotubes.

Stage 47. Two cartilaginous anlagen — the
lower- and the upper-scapular — are fused, but the
border between them is distinguishable as a very
young cartilage region, marked by the insertion of
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Fig. 3. Transverse sections through the forepart of the body of Rana temporaria larvae at stages 46 (a), 47 (b), 48 (¢), and 54 (d). Abbrevi-
ations: clf) cleithrum; pch) perichondrium; m.d.sc) m. dorsalis scapulae; m.isc) m. interscapularis; sc¢) scapula; ssc) suprascapula;
sz.A4) subzone of irregularly arranged cells; sz.B) subzone of cells organized in parallel horizontal layers; z./.cr) zone of hypertrophied car-
tilage; zsc) zone of small cells. See Figs. 1 — 2 for other abbreviations. The arrow shows the zone of dense mesenchyme between the upper-
and the lower-scapular cartilages (@) and the border between the upper- and the lower-scapular cartilages at the place of the m. dorsalis
scapulae attachment (b). Square brackets indicate approximate ranges of zones and subzones (c,d). Scale bar: 180 um (a — ¢), 105 pm (d).
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the m. dorsalis scapulae to the upper margin of the
lower-scapular cartilage (Fig. 3b). The unified carti-
lage is a plaque, which continues almost vertically
from the glenoid cavity to the mid-level of the spinal
cord. In transverse sections, the plaque has two
medio-lateral bends (in the shape of zigzag). In fron-
tal sections, the lower part of the plaque is thick and
consists of 7— 8 cells, preserving a roundish shape.
The upper part of the plaque is foliaceous and extends
from the middle part of the first myomere up to one
third of the second myomere. It consists of 2 -3
cells. A part of the former lower-scapular cartilage,
from the glenoid cavity to the point of its bending, is
covered by perichondrium. This part corresponds to
the prospective scapula. The m. interscapularis ap-
pears internally to the lower-scapular cartilage at the
point of its bending. Cells of the m. interscapularis
are spindle-shaped (Fig. 3b).

Stages 48 — 49. The border between the lower-
and the upper-scapular cartilages is not visible. The
structure of the unified cartilage is vertically differen-
tiated. There are two areas of hypertrophied cartilage
within this skeletal element. One of the areas is large
and is situated in scapula; the other is small and is sit-
uated near the former upper-scapular cartilage. Be-
tween these areas there is a wide zone of small-cell
cartilage, which contains two subzones. The first one
(named subzone A hereafter) consists of the irregu-
larly arranged cells and takes the place of the lower-
scapula bend. The second one, lying above the first
(named subzone B hereafter), is formed by cells orga-
nized in parallel horizontal layers. The ratio of the
scapula dorsal-lateral length to the length of the su-
prascapula is about 1. The attachment of the m. dor-
salis scapulae expands upwards and goes up to the
two thirds of suprascapula length. The m. interscapu-
laris starts from the middle part of the scapula and
goes to the lowest one third of the suprascapula; it is
formed by myotubes. The cleithrum appears below
the m. dorsalis scapulae near the front edge of the
scapular lateral surface in the region of the hypertro-
phied cartilage (Fig. 3c¢).

Stages 49 — 51. The scapula is completely cov-
ered by perichondral bone. The entire surface of the
suprascapular cartilage is covered by perichondrium.
The process of hypertrophy is expanded to the sub-
zone B, where the arrangement of cells is still regular.
The suprascapula curves up above the myomeres.
The cleithrum has a shape of a narrow band and goes
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Fig. 4. Transverse section through the forepart of the body of
Bufo bufo larva at stage 47. Abbreviations: ) rib. See Figs. 1 —3
for other abbreviations. Scale bar: 180 pm.

upwards along the suprascapularis lateral surface
from its basement up to two thirds of its length.

Stages 52 — 54. Blood vessels penetrate the cen-
tral part of the scapula and the cartilage begins to be
destroyed. Bone marrow fills the whole scapula by
the stage 54. The suprascapular cartilage grows up in
the medial direction above myomeres. Having wid-
ened, it stretches from the middle part of ear capsule
up to the central part of the third muscular segment.
The cartilage area consists of the irregularly arranged
cells and still exists between the scapula and supra-
scapula. Above this area cells are hypertrophied, but
show a regular pattern (they are packed in horizontal
layers) (Fig.3d). The growing cleithrum almost
reaches the top of the suprascapula covering two
thirds of its width and turns on its medial side. Bone
marrow appears within the cleithrum. The m. inter-
scapularis is attached to the lowest third of suprasca-
pula and also to the middle part of the scapula where
the place of its attachment is slightly sloped in caudal
direction.
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Fig. 5. Transverse section through the forepart of the body of
Bombina bombina larvae at stages 46 (a) and 47 (b). See
Figs. 1 — 3 for abbreviations. The arrow shows the layer of loose
mesenchyme between the upper- and the lower-scapular cartilages
(@) and the border between the upper- and the lower-scapular car-
tilages (b). Scale bar: 180 pm.

Bufo bufo

In general, the time of appearance of the pectoral
girdle elements in tadpoles of common toad corre-
sponds to those of common frog. However, all the
events in the development of the scapular part in Bufo
bufo pass on one stage earlier. Contrary to common
frog, length ratio of the scapula to suprascapula vary
from about 1,0 to 1,7 at the same stage (Fig. 4). The
unified cartilage plaque in the region of prospective
scapula is just slightly thicker than the suprascapular
part. The thickness is greater due to the hypertrophy
of cells rather than to their number. Both the scapula
and the suprascapula are two — three cells in thick-
ness. The disproportion appears early between the
scapular and the suprascapular lengths along the lon-
gitudinal body axis (suprascapula is much wider than
scapula).

Natalja V. Baleeva

Bombina bombina

The sequence of formation of the pectoral girdle
elements in fired-bellied toad is similar to that in
common frog, but cartilage in all cell condensations
appears one stage later as to compared to common
frog. However, m. interscapularis is formed earlier
than in common frog (at the stage 46), when the
lower- and the upper-scapular cartilages are sepa-
rated by a loose mesenchyme layer (Fig. 5a). After-
ward the development of tadpoles of fire-bellied toad
is synchronized with that of common frog. The
lower- and the upper-scapular cartilages fuse at the
stage 47. At this time the former is about twice as
longer as the upper-scapular cartilage (Fig. 5b). The
border between the cartilages is fully disappeared
by the stage 49. The upper part of the unified carti-
laginous plaque is very thin and consists of 2 -3
cells. The plaque’s lower part is thicker and el-
lipse-shaped in cross section, consisting of 7 —8
cells. Contrary to common frog, the scapula is very
short in fire-bellied toad. The ratio of the scapula
to the suprascapula lengths varies from 1 to 4,5.
The m. interscapularis remains rather short. It is at-
tached to scapula in the area of glenoid cavity.
The other end of the muscle is attached to
suprascapula central zone by its anterior margin
and slightly above the deepest bending site by its
posterior margin. At the end of the metamorphosis
the scapula is covered by perichondral bone, the
destruction of cartilage does not take place. The
cleithrum is represented by a narrow bone band at
the frontal margin of the suprascapula and, there-
fore, its shape differ from that in adult fire-bellied
toads.

DISCUSSION

Braus (1909) described two mesenchymal con-
densations within the scapular part of pectoral girdle
in yellow-bellied toad: one of them is situated near
the base of the forelimb bud and another — slightly
below the second and the third myomeres. Our results
confirm these data. The mesenchyme in the anterior
part of the body is irregularly arranged in all three
species studied: in some regions it is almost absent,
while in others there are some cells aggregations.
Some of them are situated in the basement of the
forelimb bud and also one is situated above the pro-
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nephros (Fig. 25, ¢). Some authors stated that mesen-
chyme is first to condense in the areas of limited
space (see Borkhvardt, 1982; Borkhvardt and Kova-
lenko, 1985; Kovalenko, 1986). Mesenchymal cells
condensate in places, where organs bend or where the
wedge-shaped spaces are formed between the con-
tacting structures (Kovalenko, 1992). In all the spe-
cies studied the pronephros is relatively large during
the whole premetamorphic development. It occupies
the whole space between the ear capsules and abdom-
inal cavity. Myomeres in these species are wider dor-
sally in the anterior part of the body, but they sharply
became narrow towards notochord, retiring from the
integument (Fig. 1). Thus, at the notochord level
there is a space triangular in section, where the up-
per-scapular cell condensation is formed. The other
condensation appears in the basement of the forelimb
bud. The formation of the latter condensation is prob-
ably connected with existence of the thick n. brachia-
lis and a. subclavia (it is arteria centralis after enter-
ing in the limb bud), which enter the basement of the
limb bud. They separate the upper part of mesen-
chyme in the limb bud base (Fig. 2). Borkhvardt
(1994, 1996) denoted a morphogenetic role of blood
vessels in the formation of the endochondral skeletal
elements. He suggested that blood vessels may break
up the skeletogenous mesenchyme of limb bud into
some portions and thereby can determine the position
of the prospective skeletal elements. Mesenchymal
cells aggregate forming a dense condensation be-
tween the pronephros and the limb base (the “lower-
scapular” cell condensation). The lateral surface of
the pronephros adjoins quite closely to the large sub-
surface lymphatic cavities; i.e., the free space be-
tween the pronephros and the integument is almost
absent. In turn, it might be the cause of absence of
mesenchymal cell condensation in this region. Me-
senchymal cells accumulate in areas, where there is
enough free space. However, there is only a broad
band of loose mesenchyme between the lower- and
the upper-scapular cell condensations (along the lat-
eral surface of the pronephros). Chondrification starts
in both the lower- and the upper-scapular mesenchy-
mal cell condensations simultaneously. The lower-
scapular cartilage grows upwards along the lateral
surface of the pronephros; the upper-scapular carti-
lage grows towards the latter (Fig. 5a). At the stages
46 — 47 these cartilages fuse into a single element.
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Fig. 6. The anatomical picture of the scapular part of the pectoral
girdle of. Rana (a) and Bombina (b). Abbreviations: syn) synchon-
drose. See Figs. 1 —3 for other abbreviations. Scale bar: 3,5 mm
(a), 1,5 mm (b).

In adults of all investigated species the cleithrum
overlaps the largest part of the suprascapula includ-
ing the lower part of its lateral surface that contacts
with the bony scapula. The entire cleithrum-supra-
scapula complex is separated from the latter by a pro-
nounced borderline. Anatomically this border looks
like a band of nonmineralized hyalin cartilage, repre-
sented by a zone of small-celled cartilage in histolo-
gical sections (Figs. 3d, 6a, 6b). In his scheme of
Anura pectoral girdle structure, Gaupp (1896) termed
the border between the scapula and the suprascapula
as synchondrosis. Braus (1909) supposed that the
bridge of hyaline cartilage that arose between ossi-
fied scapula and suprascapula covered by cleithrum
has a physiological character of articular ligament be-
tween both hard parts — synchondrose.

According to Akaevskiy (1968), synchondrosis is
a confining connection between two skeletal ele-
ments formed by fibrillar or hyaline cartilage. Syn-
chondrosis provides a considerable fastness of con-
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nection admitting its some mobility and abates
pushes, i.e., they perform a concussive function.

Why and where does the well distinguishable
border between the scapula and the suprascapular
cartilage form? Braus (1909) on the basis of observa-
tion of two mesenchymal aggregations in the region
of the scapular part of the pectoral girdle supposed
that the scapula and the suprascapula could have two
separate anlagen. Indeed, our data show that the as-
suming that the scapular part of the pectoral girdle is
developed from two separate anlagen. It would be
logical to suppose that the border between the defini-
tive scapula and suprascapula is on the line of their
fusion. However, the border between the upper- and
the lower-scapular cartilages disappears without any
trace at the stages 47 — 49.

Moreover, already at the stage of mesenchymal
condensation (stages 43 — 44) in all the species stud-
ied the lower-scapular condensation has a form of a
crescent (Fig.2c). This form is maintained after
chondrification (stage 45). In the bending site (stages
46 —47) the anlage of m. interscapularis arise
(Figs. 3a, 5a). Its fibers are strained between two car-
tilage embranchments as a bowstring. That is why,
perhaps, the bend of the lower-scapular cartilage per-
sists in adult. This interscapularis muscle attaches to
the lower part of the scapula and the middle part of
the suprascapula in the definitive condition. Con-
tracting, it adducts the suprascapula to the scapula
(Gaupp, 1896; Nozdrachov and Polyakov, 1994).
The antagonist of this muscle is the m. dorsalis scap-
ulae, which attaches to the scapula lateral surface and
abducts humerus. As the capability to spontaneous
contractions is present already in myoblasts (Zhukov,
1974), the halves of the unified cartilage, whereto m.
interscapularis is attached, appear to be moveable one
along the other far before the cartilage become hyper-
trophied. In adults, suprascapula at least in its lower
part is a hard element because cleithrum outgrows
greatly upon the suprascapular cartilage and is thick-
ening. Thus, we are deal with two hard skeletal ele-
ments with mobility between them, which could be
the reason of formation of the synchondrosis of hya-
line cartilage between bony scapula and the cleith-
ral-suprascapular complex.

It is known that limited mobility between adja-
cent bony surfaces usually causes the appearance of
confining articulations like syndesmosis or ampbhiart-
rosis. But the existence of a greater mobility can lead
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to formation of the true joint like diartrosis (see Ep-
stein, 1940; Nikolaev, 1954; Ponomareva-Astrakhan-
tseva, 1954; Kabardin, 1963). At the same time, the
immobility of the skeletal elements leads later to for-
mation of the synostosis (immobile articulation).
Short ligaments, connecting contacting bones, induce
gradual ossification, which leads to the coalescence
of both bones in a united bony element (Nikolaev,
1954). Experiments on immobilization of muscula-
ture in a chicken at early developmental stages also
showed that in absence of mobility the formation of
articulations did not take place (Murray and Drach-
man, 1969; Sullivan, 1974).

In our case, the formation of synchondrosis takes
place within the unified cartilage just in the zone of
mobility providing by contractions of m. interscapu-
laris. However, the joint is situated not between the
different cartilaginous anlagen, but within the frames
of one of them — the lower-scapular one. Thus, su-
prascapula is the product of fusion of two anlagen:
the lower- and the part of the upper-scapular ones.

The length ratio of scapula to suprascapula may
vary greatly in different species of amphibians.
Schmalhausen (1917) examined changes of the ratio
of the bony scapular part to the cartilaginous supra-
scapula (cleithral ossification covering the supra-
scapula) in phylogenesis. He concluded that in pro-
gressive evolution of the bone in anurans girdle, the
scapula gradually replaces the suprascapular ossifica-
tion further upwards. In common frog (Rana) and
common toad (Bufo) the scapula is a little bit smaller
than suprascapula, but in fired-bellied toad (Bom-
bina) the scapula is very small (Fig. 6a, b). The
length ratio of the scapula to suprascapula does not
depend on initial proportions of the lower- and the
upper-scapular cartilages. So, the lower-scapular
cartilage is about twice longer than the upper-scapu-
lar one in fire-bellied toad at the stage of fusing of
the upper- and the lower-scapular cartilages. How-
ever, the border between the scapula and supra-
scapula is determined earlier — with the appearance
of the m. interscapularis, which is attached to the
sides of the deepest part of the lower-scapular carti-
lage bending (Fig. 5a, b). Thus, scapula occurs to
be short, as the proportions once appeared at the car-
tilaginous stage are maintained up to the definitive
condition. The lower- and the upper-scapular carti-
lages are of about the equal length in common frog
and in common toad (Fig.3b). However, during
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the formation of the interscapular muscle propor-
tions of scapula and suprascapula are changed. In
common toad, the length of the scapula becomes
about twice shorter than suprascapula, in fire-bellied
toad, the disproportion is more considerable: scapula
is almost five times as shorter as the suprascapula
(Figs. 4, 5b). Thus, the proportions of the scapular
part are defined early in ontogenesis — already at
the unified plaque stage or even earlier (e.g., in fire-
bellied toad). It is possible, that these proportions
are determined by the site of interscapular muscle
attachment.

CONCLUSIONS

The scapular part of the anuran pectoral girdle
develops from two independent cartilaginous anla-
gen. At first two cartilages fuse into a single cartilagi-
nous element with no trace of the border, and then
two new elements — scapula and suprascapula —
separates from this unified cartilage. The border be-
tween them forms not at the line of fusion of the up-
per- and the lower-scapular cartilages, but within the
former lower-scapular cartilage. The length ratio of
scapula to suprascapula is determined at the unified
cartilage stage by the place of attachment of the
m. interscapularis to the pectoral girdle, where the
new border will form.
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