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The early development of the quail (Coturnix c. japonica) furcula reconsidered
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Although the avian furcula is generally regarded as a dermal bone, this view was challenged by
Lansdown (1968a), who postulated that it is a cartilage bone. His reinterpretation was predicated
upon histochemical data, derived from embryological observations made on the Japanese
quail, and is deserving of further investigation as it bears importantly upon the interpretation
of the homology of the furcula, and upon aspects of avian phylogeny and the origin of the flight
apparatus.

Employing the same investigative methods as Lansdown (l968a), together with additional
techniques, his interpretations have been reconsidered and no support for his suggestions has
been found. The furcula of the quail, instead, has the early developmental characteristics of a
typical dermal bone and conforms with the developmental details seen in the chicken.
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Introduction

Based upon examinations of the early development of the Japanese quail (Coturnix c. japonica),
Lansdown (1968a) claimed that the furcula of birds develops in a manner consistent with that of
cartilage bones, not dermal elements. Such an interpretation raises questions pertinent to the
interpretation of homology, avian phylogeny, functional morphology and the origin of the flight
apparatus.

The furcula of birds has been somewhat of an anatomical enigma in terms of its homology.
Belon (1555) regarded it as a structure unique to birds, largely because of his mistaken homology
of the avian coracoid with the mammalian clavicle. More recently, however, by virtue of its
positional relationships, it has consistently been regarded by comparative anatomists as the paired
clavicles in fusion (see, for example, Barrows eta!., 1885; Fürbringer, 1888; Glenny & Friedman,
1954; Bellairs & Jenkin, 1960; Ostrom, 1976; Baumel, 1979a). Weitzel (1865) reviewed the form of
the avian furcula, indicated that it is the most variable element of the avian shoulder, and noted
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that it differs considerably between orders and families while the rest of the shoulder skeleton
remains relatively unchanged.

Chevallier (1977) reported that the avian furcula is derived from the mesoderm of the
somatopleure (in the chicken) and that ossification occurs directly from mesenchyme, without
passing through a cartilaginous stage. This report is thus in conflict with that of Lansdown
(1968a), although Chevallier (1977) made no reference to the latter. Additional statements based
upon developmental evidence further cloud the issue, in that they tend to contradict the traditional
topographical-morphological implications of homology of the furcula.

Firstly, there have been various reports of cartilages fusing with the ‘bony clavicle’ in
development. These reports seem to result either from simultaneous study of the acromial region
of the scapulocoracoid plate, areas of inferred fusion being referred to as the procoracoid (Parker,
1868; Goette, 1877) and the acrocoracoid, subcoracoid and supracoracoid (Hillel, 1904); or to
considerations of the development of the apophysis furculae, the ‘cartilaginous’ phase of which
persists longer than that of the furcular rami (see below).

Secondly, ‘cartilage’ has been reported to be present in parts of the developing furcula. Knopfli
(1919) described a strand of dense cellular tissue in the developing furcula, which he likened to
cartilage. Furbringer (1888) described some poorly differentiated cells, suggestive of chondro
blasts, in the embryonic furcula. On the basis of considering the furcula as a homologue of the
clavicles (and therefore of dermal origin) such ‘cartilage’ could be interpreted as adventitious
cartilage (Patterson, 1977). Adventitious cartilage has been reported in the development of
mammalian clavicles (Hanson, 1920; Anderson, 1963) where it appears subsequent to the
development of dermal ossification centres and occurs at the ends of the elements (Hall, 1968).
Adventitious cartilage is histologically similar to hypertrophic cartilage of replacement bones
(Hall, 1968), and always forms after dermal bone, but can arise before all of the cartilaginous
endoskeleton has arisen. It is invoked by mechanical stimuli and such stimuli initiate a switch
from osteogenesis to chondrogenesis in the germinal cells of dermal bone (Hall, 1967, 1968). It is
possible that the ‘cartilaginous’ material reported by Fflrbringer (1888) and Knopfli (1919)
represents this adventitious cartilage (see below). It is evident, however, that the ‘cartilage’
reported and illustrated by Lansdown (l968a) in the quail furcula is not adventitious cartilage.
It does not agree with such tissue in either cellular detail or chronology of appearance.

In contrast to the first two points outlined above, some developmental work has given credence
to the idea that the furcula is a dermal structure. Hinchcliffe & Ede (1968) studied skeletal
development in the talpid recessive mutant of the chicken. These birds exhibit normal ossification
of the dermal skeleton, but the endoskeleton fails to ossify. In such birds, the furcula develops
normally while the scapulocoracoid plate remains entirely cartilaginous and exhibits little sign of
differentiation. Histological detail of early development was not discussed, however.

The study by Lansdown (l968a) has prompted the suggested homology of the furcula with the
clavicles to be questioned, in a phylogenetic context, and led Ostrom (1976) to pose some
important questions about the avian furcula. He queried whether the furcula could continue to be
regarded as the result of the fusion of paired clavicles, and whether ‘endochondral’ and dermal
osteogenesis could really be considered as mutually exclusive developmental pathways.

In the light of a recent contribution (Patterson, 1977), however, the questions about potential
interchangeability of ‘endochondral’ and ‘dermal’ skeletal components, in phylogeny and
ontogeny, can be addressed with more confidence. Patterson’s (1977) paper has also provided
a vocabulary for vertebrate osseous tissues that can be utilized consistently and unambiguously.
It was pointed out by Patterson (1977) that, at the organ level of consideration (i.e. complete
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bones), three categories exist, defined by a combination of developmental, topographic and
phylogenetic considerations: cartilage bones, dermal bones and membrane bones. Under this
classificatory scheme, the terms membrane bone and dermal bone are not synonymous and imply
different homologies.

Patterson (1977) argued that there is no interchangeability between the dermal skeleton and the
endoskeleton (cartilage bone and membrane bone) and that the dermal skeleton and endoskeleton
have always been distinct. Within the framework outlined by Patterson (1977) lies the basis of the
attempt to address the implications emanating from the contributions of Lansdown (1 968a).
Indeed, the problem may be stated to be one of two parts, corresponding to the two questions set
forth by Ostrom (1976). (1) Does the furcula develop as a cartilage bone or not? And (2) If not,
does it develop as a typical dermal bone or does it develop in a manner consistent with that of
a membrane bone, heterotopic or otherwise? In the latter case, the possibility of the furcula being
a membrane bone and representing the homologue of an ancestral cartilage bone in more
primitive vertebrates may be ruled out, as there is no known element with which it could be
compared and homologized in this category.

Lansdown (1 968a) tendered what he thought to be evidence of a cartilage matrix and
chondrocytes in the early development of the furcula of the Japanese quail. The ‘cartilage’ was
evident not just at the ends or periphery of the developing element, but throughout its substance.
Embryos ranging from six to 11 days of incubation were examined, with the furcular primordium
firstly being recognized in the seven day embryo. Lansdown (l968a) gave only a day-based
chronology for the developmental sequence of his embryonic material and did not attempt to
delineate stages of development equivalent to those outlined for the chicken by Hamburger &
Hamilton (1951).

According to Lansdown (l968a), on first appearance the furcular primordium consists
of a tract of cells with ovoid or spherical nuclei, the peripheral cells showing some degree of
differentiation into fibroblasts. By contrast, the loosely-packed outlying mesenchyme was
undifferentiated. By eight days, the intercellular matrix had become somewhat metachromatic,
indicating chondroitin sulphate formation, and the cell bodies had become developed into
‘chondroblasts’. By this time, the ‘cartilage’ extended from the coracoid to the mid-ventral line.

At nine days, the onset of ossification was reported, with the ‘chondrocytes’ degenerating and
apparently with osteoblasts invading. The degeneration of the ‘chondrocytes’ was followed by
granular calcification, initially most abundant in the mid-ramus region but rapidly spreading
along the entire length of the element. By eleven days, all of the degenerate ‘cartilage’ had become
obscured and the deposition of calcium granules was described as being random, not pen
chondral. As controls, the development of the coracoid and the dentary were also examined.
Reports of their development accord exactly with expectations for a typical cartilage and dermal
bone, respectively.

The above observations led Lansdown (l968a) to conclude that, developmentally, the quail
furcula has little in common with dermal elements and that, instead, it bears more resemblance to
cartilage bones. The differences observed between the furcular and coracoidal patterns of
development were explained as being the result of an acceleration of development of the former,
whereby the cartilaginous phase is abbreviated and the ensuing ossification disturbed by this
acceleration. Thus, developmental heterochrony was invoked in order to explain anomalies
between the ‘typical’ and the observed pattern. Lansdown’s (l968a) overall conclusion was that
the avian furcula was equivalent in status to the other elements of the primary shoulder girdle
(scapula and coracoid).
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Materials and methods

Development of the shoulder region, jaws and braincase was examined in both the Japanese quail
(Coturnix c. japonica) and the chicken (Gallus dornesticus). Eggs of both species were incubated at 38°C,
a humidity of 85~ + and an incubator rotation cycle of I h. Embryos were removed from the eggs, floated
in avian physiological saline and the extraembryonic membranes removed. The embryos were then fixed,
either in buffered formol-saline or Bouin’s fluid (Humason, 1979) for histological work, or in 1 0~ formalin
for clearing and staining. Embryos older than 10 days of incubation, due to their size, were injected intra
peritoneally with the fixative in order to ensure adequate fixation.

Chicken embryos were staged according to the scheme outlined by Hamburger & Hamilton (1951), and the
quail embryos were staged (as closely as possible) in terms of morphological equivalents to the recognized
chicken stages. Chicken stages 24, 27, 29, 32, 35—45, representing 5—20 days of incubation, and quail embryos
equivalent to chicken stages 25—27, 29, 30, 32, 33, 35 37, representing 5—106 days of incubation, were
examined.

Routine histological techniques were employed in preparing serial sections, the specimens being embedded
in Paraplast (Lancer Division of Sherwood Medical, St. Louis, Missouri) and sectioned using an American
Optical rotary microtome equipped with a disposable blade attachment. Specimens were not decalcified.
Histosol (National Diagnostics, Somerville, New Jersey) was employed in the histological procedures
wherever xylene might normally be used (Wishe et a!., 1980).

Specimens subjected to clearing and staining techniques were fixed in 1 0~ formalin for at least 24 h,
then transferred to 70~ ethanol. Prior to processing further, the specimens were skinned, eviscerated and the
eyes removed. The staining procedure followed was that of Wassersug (1976), by means of which cartilage is
rendered blue and calcified material (i.e. ossification centres in this case) red. All chicken stages investigated
were prepared as cleared and stained specimens.

Lansdown (1968a) employed only Ehrlich’s haematoxylin and eosin and the silver-impregnation
toluidine blue technique in his histological investigations, and used the quail as his only experimental animal.
We employed these methods also, but supplemented them with other standard techniques and with chicken
embryos for cross reference purposes. All quail stages examined were subjected to histological investigation,
as were chicken stages 24, 27,29, 32, 35—37. Cross-sections of the head and the pectoral region were examined,
these being cut at 5 ~m for the quail embryos and at 5 1im and 8 1~m for the chicken embryos. Thus we utilized
the Periodic Acid-Schiff technique to assist in the identification of cartilage matrix and collagen, Masson’s
trichrome to aid in the recognition of collagen, alizarin red to assist detection of calcium deposition sites, and
picro-ponceau to again aid in collagen detection. The staining procedures for the standard techniques are
outlined by Humason (1979). This combination of methods allowed us more readily to interpret our results
and also was of great assistance in enabling us more fully to appreciate the nature of Lansdown’s (1968a) ‘pre
ossification cartilage matrix’ of the furcula.

The silver-impregnation-toluidine blue technique of Lansdown (l968b) was employed to demonstrate the
metachromasia typical of cartilage matrix, and the sites of calcification. Kolthoff’s sodium tetraborate
succinic acid buffer (Britton, 1955) at a pH of 3~3 was used prior to staining with toluidine blue, as outlined by
Lansdown (1968b). As far as was possible all fixing and staining procedures employed by Lansdown (1968a)
were duplicated.

Results

The results obtained in this study are presented in a comparative manner with those of
Lansdown (1 968a), the results of the latter being interpolated as parenthetical statements, as are
those of Chevallier (1977), where appropriate. We begin with a reconsideration of the
development of the furcula, then provide descriptive accounts of a known cartilage bone and a
known dermal bone as controls. Numbers in parentheses following the figures pertaining to days
of incubation refer to developmental stages as outlined by Hamburger & Hamilton (1951).
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Development of the furcula

The first appearance of the furcula in the quail was detected at six days (27) of incubation (seven
days—Lansdown, 1968a) as a condensation of basophilic cells, extending from the coracoid
towards the midline, but apparently lacking midline fusion. The cells are more spherical in shape
than those of the surrounding mesenchyme. A similar image was obtained in the quail embryo of
6~6 days of incubation (27) with both sides uniting along the ventral midline (Plate 1(a)). No
separate centre of development in the ventral midline was detected, the hypocleideum (the median,
ventral projecting blade of the furcula) apparently becoming elaborated subsequent to the uniting
of the two clavicles, and not representing a separate interclavicular component. A similar pattern
was seen in the seven day (29) chicken embryo.

Upon its first appearance, thin strands of collagen (amorphous matrix—Lansdown, 1968a) can
be identified between the cells of the presumptive furcula, as indicated by the specific staining
reaction with Masson’s trichrome and picro-ponceau (Plate 1(b)). The matrix at this stage is
P.A.S. negative, indicating perhaps that the collagen network is only in its initial stages of
formation and is not yet in the correct form or present in sufficient quantity to give a positive
reaction. Silver-impregnation and alizarin red indicated no presence of calcium in the furcular
primordium at this stage. The cells of the furcular primordium grade gradually into the cells of the
surrounding, undifferentiated mesenchyme, but some transitional cells are somewhat elongate
and fibroblast-like (fibroblast-like peripheral cells of the furcular primordium represent the ‘pre
perichondrium’, Lansdown, 1 968a).

At the eight day (33) stage, the furcular primordium of the quail exhibits no sign of
metachromasia with toluidine blue (intercellular matrix metachromatic— Lansdown, 1 968a). The
matrix, however, stains bright green with Masson’s trichrome (Plate 1(c)) and bright red (chicken)
(32) with picro-ponceau, indicating massive amounts of collagen. The matrix is slightly P.A.S.
positive, but has negative reactions for calcium.

The cells embedded in the matrix have ovoid nuclei and prominent nucleoli (cell bodies
differentiated into chondroblasts, with ovoid nuclei and one or two nucleoli—Lansdown, 1968a).
In both the quail and the chick, the cells have pulled away from the ‘lacunar’ walls (also observed
by Lansdown, 1968a). The hypocleideum remains evident (hypocleideum first appears at eight
days—Lansdown, 1 968a), but is not metachromatic (metachromasia reduced in hypocleideum—
Lansdown, 1968a).

Calcification in the furcular primordium, as indicated by a reaction with alizarin red, is first seen
in the quail at 96 (36) days of development (ossification begins in the nine day quail—Lansdown,
1968a). No change in cell number in the primordium is evident (cell number increases and matrix
decreases—Lansdown, 1968a) but the amount of collagen has increased and the positive P.A.S.
reaction of the matrix has increased in intensity. Similar results are evident in the nine day (35)
chicken, where haematoxylin and eosin staining gives the impression of a higher cellular density.

At nine days (36) the cells entrapped in lacunae in the matrix in the quail are spherical, as
opposed to the lozenge-shaped cells in the surrounding ‘periosteum’ (Plate 1(d)) and can be
identified as osteocytes. They do not lend themselves to the classification scheme suggested by
Lansdown (l968a) (two cell types in the nine day furcula—degenerate ‘chondrocytes’ in lacunae
and randomly distributed invading ‘osteoblasts’ with ‘strongly basophilic nuclei’ and irregular
cell shape—Lansdown, 1968a).

The boundary layer of the furcular primordium is bilaminar (also noted by Lansdown, l968a),
the cells of the inner layer being more spherical and densely packed than those of the outer layer
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(Plate 1(d)), which are more spindle-shaped (inner, closely packed layer provides the invading
‘osteoblasts’, outer layer a loosely packed, undifferentiated ‘periosteal’ zone—Lansdown, 1968a).

At 9•6 days (36) calcification is not evident in the epicleideum (the dorsal, expanded facet of the
furcular ramus) and upper part of the ramus of the quail, but is prominent in the mid-ramus
(calcification most abundant in mid-ramus, but extends over the entire length of the furcular
primordium—Lansdown, 1968a).

At 10 days (37) the epicleideum of the quail is not calcified, but the uppermost parts of the rami
are, as well as the remainder of the rami and the hypocleideum (Plate 1(e)). At no point along the
length of the furcula, in either the quail or the chicken (36), was any trace of metachromasia with
toluidine blue seen (a faint metachromasia in the matrix—Lansdown, 1968a). In the oldest quail
embryo examined (10.6 days (37)), any possible metachromasia of the furcular precursor was
masked by heavy silver precipitation, except in the epicleidal region, and here no metachromasia
was observed (by 11 days the metachromasia has faded—Lansdown, 1968a). Distribution of silver
granules in the furcular primordium is seemingly random (Plate 1(e)) (ossification in the furcula is
not of the typical perichondral type—calcium granules are not restricted to the periphery of the
element, but are distributed throughout its substance—Lansdown, l968a). By 10~6 days (37) all
parts of the furcular primordium, except for the extreme dorsal tips of the epicleidia, have been
invaded with calcium deposits (by 11 days the entire furcula is calcified, Lansdown 1968a). In the
10 day (37) quail embryo, calcification of the hypocleideum extends throughout its substance, as
revealed by alizarin red staining (osteogenesis in the hypocleideum is different in that initially
osteoblasts invade only the peripheral part of the ‘cartilage matrix’, then calcification proceeds
centripetally—Lansdown, 1 968a).

Chicken embryos from six to 20 days of incubation were cleared and stained in such a way that
cartilage was rendered blue, bone (calcium deposits) red and all other tissues transparent
(Wassersug, 1976). This approach permitted monitoring of the progress of chondrogenesis and
calcification (osteogenesis) in entire elements, while maintaining their three-dimensional topo
graphy. Lansdown (I 968a) did not employ clearing and staining techniques in his analysis.

In the cleared and stained material, no blue stain was taken up at any time by the developing
furcula, again indicating that no cartilaginous precursor is present. By 10 days (36) of incubation
the furcula is manifested as a slightly red, continuous entity lying at the anteromedial edge of the
pectoralis muscle mass. By 11 days (37), the intensity of the staining has increased slightly and the
hypocleideum is also represented by faint red staining. By 13 days (39), the entire furcular mass,
except for the epicleidia, is conspicuously stained red. The epicleidia persist as white slivers, but

PLATE I. (a) Cross-section through the anterior thoracic region of a 66 day (29) quail embryo showing the mesenchymal
condensation of the furcular primordium (F). At this stage, the collagenous matrix can be detected with Masson’s
trichrome stain. Other skeletal elements visible include the coracoid (C), and humerus (H). Masson’s trichrome stain. x 35.
(b) Part of the furcular primordium, lying within undifferentiated mesenchyme, from a 66 day (29) quail embryo. The
collagenous matrix can be seen as the lighter staining area of the developing bone, amongst which somewhat spherical cells
are distributed. Masson’s trichrome stain. x 371. (c) Part of the furcular primordium, lying within mesenchyme, from an
eight day (33) quail embryo, showing an increase in the amount of collagenous matrix with included differentiating cells.
Masson’s trichrome stain. x 394. (d) The differentiating furcular primordium of the 96 day (36) quail embryo showing the
intensely staining collagenous matrix and the bilaminar boundary layer. Masson’s trichrome stain. x 92. (e) Part of the
differentiating furcular primordium of the 106 day (37) quail embryo stained with the silver impregnation toluidine blue
technique of Lansdown (1968b). The intensely dark and granular staining represents heavy silver precipitation, indicating
calcium granules. x 444. (f) Cross-section through the thorax and forelimb bud of a five day (25) quail embryo showing the
mesenchymal condensations of the cartilaginous skeleton. Coracoid (C); humerus (H). x 51.
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by 16 days (42) they begin to take up the alizarin stain and by 19 days (45) stain as deeply as the
rest of the furcula.

Development of the coracoid—a cartilage bone

In the five day (25) quail embryo, a mesenchymal condensation that is destined to give rise to
the cartilaginous components of the primary shoulder girdle becomes evident (Plate 1(f)) (first
condensation, lacking a matrix, is seen at seven days—Lansdown, 1968a), and at this time is
already weakly metachromatic. By 5~6 days (26) the coracoid primordium is discrete and recog
nizable and is strongly metachromatic (Plate 11(a)). In the chicken, a similar condensation is
firstly seen in the six day (27) embryo (first appearance at six days in the chicken, Chevallier,
1977), and by seven days it is obviously cartilaginous.

After six days (27), the developing chondrocytes in the coracoid of the quail are easily
distinguished within their forming lacunae (Plate 11(b)). In general appearance these cells, and
those of the furcular primordium, are quite similar, but the nature of the matrix is very different.
The matrix of the coracoid is very strongly metachromatic, indicating abundant quantities of
chondroitin sulphate. In contrast, the matrix of the developing furcula shows no metachromasia
(or extremely faint and transient manifestations, which may represent the early presence of
chondroitin sulphate-like materials in the very early stages of condensation), but shows strong
affinity for the fast green component of Masson’s trichrome. The latter indicates abundant
collagen (by nine days the mesenchymal cells of the coracoid precursor have become chondrocytes
that are very similar to the furcular cells—both matrices are metachromatic, but that of the
coracoid is much more strongly so—Lansdown, l968a).

After nine days (36) of development, the lacunae of the developing coracoid are more distinct
and the matrix is strongly metachromatic (Plate 11(c)). At the periphery of the element is a band of
cells representing the early perichondrium. With Masson’s trichrome the peripheral band stains
green, indicating the presence of collagen. This occurs nowhere else throughout the developing
coracoid mass at this stage. A similar situation is evident in the nine day (35) chicken embryo.

By 10 days (37), the perichondrium is more strongly pronounced and two layers can be roughly
distinguished (as reported by Lansdown, I 968a). The outer layer consists of flattened cells, while
those of the inner layer are more spherical. Some of the latter can be seen to be trapped, in their
lacunae, within the collagenous peripheral area, indicating the beginning of perichondral

PLATE II. (a) Cross-section through part of the shoulder girdle region of a 5~6 day (26) quail embryo showing part of the
coracoid (C), scapula(S) and the humeral head (H). The darker staining of the cartilaginous elements is due to an already
strongly developed metachromasia in response to toluidine blue staining. x 62. (b) Cross-section of part of the developing
coracoid of a six day (27) quail embryo showing differentiating chondrocytes and lacunae. The dark staining is due to a
metachromatic reaction with toluidine blue. x 146. (c) Part of the developing coracoid of the quail at nine days (36) of
development, showing chondrocytes in lacunae. Silver impregnation—toluidine blue stain. x 118. (d) Cross-section
through part of the shoulder region of the 10 day (37) quail embryo. The coracoid (C) shows typical cartilage bone
features, with a developing perichondrium and large chondrocytes in lacunae. The furcular primordium (F), in contrast,
has the appearance of a developing dermal bone. Masson’s trichrome stain. x 51. (e) Part of the developing palatine bone
of the 76 day (32) quail embryo, in cross-section. The matrix of collagenous fibres (lighter staining) fills the space between
the spherical cells of the differentiating bone. Undifferentiated mesenchyme lies on either side. Masson’s trichrome stain.
x 165. (f) Part of the developing palatine bone of the 10 day (37) quail embryo, stained with the silver impregnation—
toluidine blue technique of Lansdown (1968b). The dark and granular appearance of the matrix is due to silver
precipitation, indicating calcium granules. x 129.


