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1 Introduction 

The study of the avian chondrocranium commenced with the classic and ex
cellent monographs of W.K. Parker (1866, 1869, 1875, 1876, 1890) who 
described the development in the ostrich tribe, the Gallinaceae and various 
other birds. T.J. Parker (1888, 1891) continued these investigations in 
Apteryx. 

The next milestone was the detailed study of the development of Tinnunculus 
(Suschkin 1899), followed by contributions from Tonkoff (1900), Gaupp (1906) 
and Sonies (1907). With improved techniques, Sonies (1907) could elucidate 
various new aspects of the chondrocrania of Gallus and Anas. 

A major contribution was made by de Beer and Barrington (1934), who 
not only gave a detailed description of the development of the chondrocranium 
of Anas but also standardised the nomenclature and elaborated on the various 
morphological problems of the avian chondrocranium. 

After Brock's (1937) study of the morphology of the chondrocranium of 
the ostrich, contributions came from Kesteven (1941, 1942), Hofer (1945, 1949, 
1954), Slaby (1951 a, b, 1952, 1958), Barnikol (1952), Starck (1941, 1955, 1960), 
Lang (1955,1956), May (1961), Muller (1961,1963), Macke (1969), Goldschmid 
(1972) and Smit and Frank (1979). 

An important series of investigations on the structure and development of 
the avian skull, especially the development of the chondrocranium, was initiated 
at the University of Stellenbosch by the late Professor C.G.S. de Villiers. These 
are the studies of Swart (1946), de Villiers (1946), Grewe (1951), Prins (1951), 
Crompton (1953), Frank (1954), de Kock (1955, 1987), Fourie (1955), Webb 
(1957), Engelbrecht (1958), Saayman (1963), Schoonees (1963) and Toerien 
(1971). 

Although the development of the chondrocranium of Gallus has been investi
gated by various authors there are certain shortcomings which still need further 
clarification. W.K. Parker (1869) covered the early development at 4 days (5 
days, rectified in 1876), 5-7 days (6 and 7 days, 1876), middle of 2nd week, 
end of 2nd and beginning of 3rd week, and then 2nd day after hatching to 
several years old. At that time the nomenclature was not yet standardised, 
which makes his descriptions difficult to follow. 

Tonkoff (1900) only described the chondrocranium and dermal bones of 
an embryo of 10 days 18 h incubation. The Ziegler copy of the model of the 
skull of the embryo has been an important aid in understanding the relationships 
of the various elements of the avian chondrocranium. 

Gaupp (1906) in Hertwig's Handbuch leans heavily on the information pro
vided by Tonkoff's study (1900) of a single stage, but mentions that he also 
had a few stages of Gallus available. 



Sonies (1907) covered the development of Gallus from the 4th to the 10th 
day of development, leaving out the 5th and 9th days. With his technique 
certain aspects were also missed. 

Further studies which touched on aspects of the cranial development of 
Gallus were those of Born (1879), Stresemann (1927), Schinz and Zangerl (1937), 
Bremer (1940), Erdmann (1940) and Jollie (1957), who were mostly interested 
in the ossifications occurring from about 10 days of development. 

The importance of the use of chick embryos as laboratory material was 
noted by Patten (1957), as experimental material for various embryonic develop
ments by Gilchrist (1968), Ie Lievre (1978) and Hall (1982) and recently in 
experimental embryology and teratology by Sandor and Elias (1968), Gebhardt 
(1972), Boggan (1982) and Fisher and Schoenwolf (1983). 

Gebhardt (1972) shows that chick and rodent embryos react in the same 
way in most teratological studies and, although extrapolation to man remains 
difficult, it would be wise to use the chick embryo in applied teratology. Boggan 
(1982), in describing the usage of various animals in fetal alcohol syndrome 
experiments, shows that the advantages of using chick embryos far outweighs 
the disadvantages. Fisher and Schoenwolf (1983) point out the usefulness of 
the chick embryo in studies of vertebrate embryogenesis and give details of 
improved methods of applying the teratogenic agents to the embryo. 

This study of the normal stages of the early development of the chondrocra
nium of Gallus was undertaken to provide a model with which to compare 
cranial abnormalities developing from the application of teratogenic material 
in easily obtainable experimental material. 

Although the study of the development of the avian chondrocranium is 
coming into its own, as is seen by the number of contributions mentioned, 
our knowledge of this field is still inadequate in so far as it covers less than 
20 avian orders. Engelbrecht (1958) shows the importance of studying at least 
one example from each order before establishing affinities or discussing taxo
nomical problems. 
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2 Material and Technique 

The material for this investigation was obtained from a closed White Leghorn stock bred 
in the Department of Poultry Science at the Stellenbosch-E1senburg College of Agriculture. 
As described by Poggenpoel and Erasmus (1978), the pedigree breeding genetic flock was 
established in 1953 when two unrelated lines were closed off from outside introductions. 
Inbreeding was avoided as far as possible by not allowing mating between close relatives. 
An inbreeding rate of only 0.515% per generation was achieved. From 1953 to 1962 the 
pedigree stock was selected, based on increased egg production, and since 1963 the pedigree 
breeding genetic flock has been kept as a production flock. 

From this flock 100 eggs were used. They were disinfected by smoking with paraformalde-

Table 1. Classification of chick embryos studied, including comparative Hamburger and Hamil-
ton stages 

Stage Total length Days Hamburger Series 
described of embryo incubated and Hamilton 

(mm) stage No. Cut 

3 20 3A Transverse 
3 20 3B Sagittal 
3 21 3C Sagittal 

25 4 22 4A Sagittal 
26 4 24 4B Transverse 

27 5 26 5B Transverse 
29 5 26 5D Sagittal 
30 5 27 SA Sagittal 
34 5 27 5C Transverse 

II 35 6 29 6A Sagittal 
39 6 29 6B Transverse 

41 7 30 7A Sagittal 

III 46 8 34 8B Sagittal 
50 8 34 8A Transverse 

IV 55 9 35 9C Sagittal 
57 9 35 9D Transverse 

V 65 10 36 10C Transverse 
67 10 36 lOA Sagittal 
73 11 37 11A Transverse 

VI 95 14 40 14A Transverse 
118 16 41 16A Transverse 

122 18 43 18A Sagittal 

5C, 9C and 9D were serially sectioned at 12 11m while the rest were sectioned at 10 11m. 
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hyde crystals and placed in an incubator with a capacity of t 6000 eggs which tilted automati
cally through 90° every hour; the temperature was 37.8° C and relative humidity 65% with 
negligible fluctuation. Four eggs were removed after every 24 h incubation, fixed in Allen's 
fluid, and classified according to length measured from the tip of the beak to the tip of 
the tail as well as according to the table of developmental stages compiled by Hamburger 
and Hamilton (1951; Table 1). 

It was unnecessary to decalcify the younger embryos as the acid component of the fixative 
was adequate. For the older embryos, decalcifying with a 7.5% solution of concentrated nitric 
acid in 70% alcohol was needed. Serial sections were made of a large number of specimens, 
all cut at 10/lm except for three which were cut at 12/lm (see Table 1). Transverse as well 
as sagittal sections were made for most of the stages. 

Various staining methods were used, the best results for the younger embryos being 
obtained with Mayer's haemalum for bulk staining and the sections then counterstained with 
Bismarck brown and eosin. In the youngest stages eosin was omitted so that the first traces 
of intercellular deposit could be detected. Sections of some series of older embryos were stained 
with Heidenhain's iron haematoxylin and counterstained with Bismarck brown and eosin, 
while others were stained with azocarmine and counterstained with azan. 

Graphic reconstructions were made from drawings of the sections according to Pusey's 
(1939) "projection method". 

For comparison I had the Ziegler copy of W. Tonkoffs model of the chondrocranium 
of an embryo of Gallus at my disposal as well as various models of the chondrocranium 
of Spheniscus demersus made by A.W. Crompton, of the nasal capsules of Struthio and Capri
mulgus pectoralis pectoralis made by G.H. Frank, and of the chondrocranium of an embryo 
as well as two models of the nasal capsule of Euplectes orix orix made by D. van Z. Engelbrecht. 

Furthermore, different series of developmental stages of a variety of avian skulls sectioned 
by workers in the Zoology Department of Stellenbosch University, were available for compara
tive study. 
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3 Description of Developmental Stages 

3.1 Stage I 

Total length of embryos: 27 mm, 29 mm and 30 mm (Stages 26 and 27 of Ham
burger and Hamilton 1951). 5 days' development. 

3.1.1 The Basal Plate and Otic Capsules 

The first signs of chondrification are present in embryos that have completed 
5 days of incubation. In the younger embryos the chondrocranium anlage con
sists of mesenchyme condensations only. 

The basal plate and acrochordal cartilage display the typical avian S-shaped 
form first described by Suschkin (1899) in Tinnunculus (Fig. 1). The acrochordal 
cartilage, which is situated anterior to the tip of the chorda, appears to be 

Transilory supraorbital part 01 the orbital cartilage 

I 

Anlerior part 01 orbital cart i lage 

Anlage of the base of 
the nasal septum 

Base of interorbital septum 

Trabecula communis 

Anlage Quadrate 

Anlage Meckel's cartilage 

Plla antotica 

Anlage posterior part 01 orb.tal cartilage 

Acrochordal cartilage 

Processus retroart icularls 

Anlage of metotlc cartilage 

Pita occIPItalis 

Cranial ribs 

Fig.!. Stage I. Reconstruction of chondrocranium (norma lateralis). Scale bar, 1 mm 
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the first part of the chondrocranium to have chondrified, as the intercellular 
substance stains darker than that of the surrounding structures. This is in accor
dance with the findings of Sonies (1907) in Gallus and Anas and of De Beer 
and Barrington (1934) in Anas. 

The chorda traverses the basal plate and lower part of the acrochordal 
cartilage and is situated centrally in the basal plate for most of its length. 
Anteriorly, in the region of the anterior part of the future fenestra basicraniaiis, 
the chorda decreases in diameter and is situated nearer to the cerebral surface 
(Fig. 2A). The tip of the chorda is flexed downwards, but the flexure is not 
nearly as pronounced as described and figured by Lang (1955) for a young 
embryo of Gallus; in one 5-day-old embryo there is no trace of a flexure at 
all (Fig. 2A). Thus, there seems to be considerable variation in the degree of 
flexure of the tip of the chorda in Gallus, and it does not yet pierce the anterior 
surface of the acrochordal cartilage as it does in later stages (Fig. 2 B). 

Laterally, the acrochordal cartilage passes over into the procartilaginous 
pila antotica, the boundary being indicated by the foramen for the oculomotor 
nerve (Fig. 3). The pila antotica is continuous with the posterior part of the 
orbital cartilage, which will be described in Sect. 3.1.2. 

Sonies (1907) claimed separate anlagen for the pila antotica (his lamina 
antotica) and posterior part of the orbital cartilage in Gallus. In the present 
study, as in all other birds investigated, the pila antotica and posterior part 
of the orbital cartilage are shown to develop in continuity. 

The incisura prootica is bordered posteriorly by the anlage of the otic cap
sule, medially by the lateral edge of the basal plate and anteriorly by the anlage 
of the posterior part of the orbital cartilage and the posteroventral edge of 
the pila antotica. The gasserian ganglion is situated in the incisura prootica 
and all the branches of the trigeminal nerve leave the cranial cavity through 
this incisura. The abducent nerve is enclosed by the cartilage of the basal plate 
(Fig. 3). 

The otic capsule consists of two separate cup-shaped procartilaginous struc
tures, with their concavities facing each other and enclosing the anlage of the 
membranous labyrinth of the otic vesicle in which cochlear and vestibular 
regions can already be identified (Fig. 3). The medially situated cochlear portion 
is fused to the lateral surface of the basal plate. Ventrally and posteriorly the 
cochlear portion is joined to the laterally situated procartilaginous canalicular 
portion by a mesenchymatous floor and hind wall, leaving a large vacuity, 
the cochleocanalicular fissure through which the endolymphatic duct from the 
otic vesicle leaves, and the branches of the acoustic nerve enter the otic capsule 
dorsally. Anteriorly the cochleocanalicular fissure is continuous with the incisura 
prootica. The facial nerve leaves the cranial cavity through the anterior part 
of the cochleocanalicular fissure. A similar course for the facial nerve has been 
described in early stages of Struthio (Brock 1937; Frank 1954), Spheniscus 
(Crompton 1953), and Euplectes (Engelbrecht 1958). 

The cartilaginous basal plate extends backwards between the otic capsules 
and narrows to pass over into the vertebral column. Although there is continuity 
of intercellular substance between the basal plate and vertebral column at this 
stage, the position of the future craniovertebral joint can be identified. In the 
anterior end of the basal plate the chorda is situated closer to the cerebral 
surface, but a fenestra basicranialis posterior has not yet formed. Posterior 
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Internal carotid artery 

A 

Fig. 2A, B. Photomicrographs of sagittal sections through the acrochordal cartilage and basal 
plate. A Stage I, B Stage III. Scale bar, 210 Ilm 
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Anterior pa" of orbital ca"lIage 

Transitory floor for 
poslerlor nasal reg ion --::-.,,---~"\ 

Trabecu lopolar bar -~----t,----

Pila antotica __ 'e--......::=:::::::n:C)~,· 

AcrOChordal canllage ---'''''-;:-------

Abducens foramen --~~~~ 

Processus reliroalrtlcIJ la'-is- --;?"" 

Processus oticus 

Pars laleralls of occipital region 

Ethmoid plate 

Transitory supraorbital part of .. : _.! the orbital cartilage 

~-":;r'---~-.,..- Trabecula communis 

4--+------:-- Fenestra hypophyseos 

-- "O';:::Zl:!lZ!~:""""'~ Ocu lomotor foramen 

Pila occipitalis 

An lage posterior part 
of orbital can ilage 

ar region o f otic capsule 

Fig. 3. Stage 1. Reconstruction of chondrocranium (norma dorsalis). Scale bar, 1 mm 

to the fusion of the otic capsule to the lateral surface of the basal plate a 
large fissura metotica is formed, bordered anteriorly by the mesenchymatous 
hind wall of the otic capsule, medially by the lateral edge of the basal plate 
and laterally by the canalicular portion of the otic capsule (Fig. 3). The glosso
pharyngeal and vagal accessory nerves leave the cranial cavity through this 
fissure. 

The occipital region of the basal plate is pierced on each side by four fora
mina for the hypoglossal nerve. These foramina indicate the border between 
the pars basalis and the pars lateralis of the basal plate. The hypoglossal fora
mina decrease in diameter from back to front. Posteriorly, the occipital region 
bears a dorsally directed pila occipitalis. 

Four cranial ribs, increasing in size posteriorly, are present on each side 
in the form of mesenchymatous transverse ridges lying between the occipital 
myomeres and attached to the ventral surface of the pars lateralis of the occipital 
region of the basal plate (Fig. 4). 

The anlage of the metotic cartilage is situated ventral to the floor of the 
anterior part of the canalicular portion of the otic capsule as a separate conden
sation of mesenchyme with an indistinct outline (Fig. 1). The centre of the 
anlage contains faint traces of intercellular deposit. 
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Anlage of Ihe base of Ihe nasa l seplum 

Anterior part of orbital cart ilage 

Transitory floor for 
posterior nasal region ---:;-"----< 

Trabeculopolar bar------t-

Pila antotlca -.--_e:::.-~ 

Anlage posterior part 
of orbital cartilage 

Ethmoid plate 

Transitory supraorbital part I of the orbital cartilage 

__ ~ _____ Trabecula commun is 

-+-t------:-- Fenestra hypophyseos 

u-_..;...;;:~-.!._ Oculomotor foramen 

~-t------,,~=- Acrochordal carl ilage 

Anlage branchial arch - -.'-----,---,;;;>+----,,F ~ 

Anlage copula ~~::::::"_l.---~~~l 

Cochlear region 01 otiC capsu le __ --.1-'--_ 

Anlage of meiot ic cartilage --

Basal plate --'1,.-----1--'<:-----: Otic capsu le 

Hypoglossal foram ina 

Fig. 4. Stage I. Reconstruction of chondrocranium (norma ventralis). Scale bar, 1 mm 

3.1.2 The Anterior End of the Chondrocranium 

The paired nature of the cartilaginous trabeculopolar bars is only evident in 
the posterior region. A short distance anterior to the optic nerve the trabecular 
components of the bar are continued anteriorly as a single procartilaginous 
trabecula communis (Fig. 3). Posteriorly, the polar component, the polar carti
lage, as well as the suprapolar cartilage (fused to the dorsal surface of the 
polar cartilage) can be distinguished from the trabecula because of denser inter
cellular substance. The posterior surfaces of the polar and suprapolar cartilages 
are fused to the anterior surfaces of the acrochordal and pila antotica respective
ly. 

A foramen for the ophthalmic artery is formed between the polar and supra
polar cartilages. A large fenestra hypophyseos bordered posteriorly by the acro
chordal, posterolaterally by the polar cartilages, and anterolaterally by the trabe
culae stretches anteriorly to a point just anterior to the optic nerves where 
the trabecula communis forms the anterior border (Fig. 3). 

As in later stages, the posterior end of the planum antorbitale, which forms 
the posterior wall of the nasal capsule, is situated immediately anterior to the 
attachment of the inferior oblique eye muscle to the nasal septum. This point 
indicates the orbitonasal boundary (Fig. 5). 
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Ethmoid plate 

Fig. SA-Co Photomicrographs of transverse sections through the orbitonasal boundary. A Stage 
I, B Stage II, C Stage III. Scale bars, 210 11m (C see page 11) 

The part of the trabecula communis in front of the attachment is the base 
of the future nasal septum. The ventrolaterally directed plate at this stage forms 
an extensive and transitory floor for the posterior nasal region into which the 
nasal sacs have not yet extended (Fig. 6A). 

Posterior to the point of attachment of the inferior oblique eye muscle which 
indicates the orbitonasal boundary, the ventrolaterally directed plate diminishes 
rapidly to a ridge on the lateral surface of the trabecula communis in the orbital 
region. 
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Fig.5C 

Anterior to the attachment of the inferior oblique eye muscles the dorsolate
ral edges of the trabecula communis extend dorsolaterally beneath the anterior 
section of the brain as the anterior parts of the orbital cartilage. The latter 
is continued above the eye as a procartilaginous supraorbital part which in 
turn passes over into the postorbital part. The lateral boundary of the orbital 
cartilage is indistinct as it gradually passes over into mesenchyme (Fig. 1). 

A short distance anterior to the ventrolaterally directed plate in the posterior 
nasal region is the ethmoid plate. This lies above the posterior region of the 
developing nasal sacs as a mesenchymatous plate with upturned lateral edges 
(Fig. 7 A). The tip of the trabecula communis, the base of the future nasal 
septum, is in the form of a wedge-shaped ridge along the ventral surface of 
the ethmoid plate (Fig. 7 A). At this stage the short olfactory nerves pass ventro
laterally in front of the ethmoid plate on their way to the nasal sacs. 

3.1.3 The Visceral Arches 

The procartilaginous mandibular arch is situated in front of the hyoidean visce
ral cleft and is divisible into Meckel's cartilage ventrally and a quadrate dorsally. 
The latter bears an anteromedially directed processus orbitalis (Fig. 1). 

The anlage of Meckel's cartilage bears a short processus retroarticularis 
and in front of the future articular region it is sharply flexed medially. The 
anterior portions of Meckel's cartilages, however, are situated parallel to one 
another (Fig. 4). 

In the hyoid arch the anlage of the columella auris consists of two separate 
but poorly defined condensations of mesenchyme, situated ventral to the anlage 
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Fig. 6A-C. Photomicrographs of transverse sections through the posterior region of the nasal 
capsule. A Stage I. The nasal sacs have not yet extended into this area; Scale bar, 180 flID. 
B Stage II; scale bar, 200 flm. C Stage III; scale bar, 200 flm (C see page 13) 

of the otic capsule. The dorsal anlage will give rise to the stapes and extracolu
mellar parts and the ventral anlage to the processus infracolumellaris. 

The anlage of the copulae is situated in the elevation of the floor of the 
buccal cavity as a single condensation of mesenchyme. Ventrolaterally on either 
side of the mesenchymatous anlage of the copulae the mesenchymatous anlage 
of the first branchial arch passes posteriorly outwards (Fig. 4). 
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Fig.6C 

3.2 Stage II 

Total length of embryos: 35 mm and 39 mm (Stage 29 of Hamburger and Hamil
ton 1951). 6 days' development. 

3.2.1 The Basal Plate and Otic Capsules 

Chondrification is more advanced in this stage and the basal plate has broadened 
between the otic capsules (Fig. 8). The S-shaped form of the basal plate and 
acrochordal cartilage is more pronounced than in the previous stage. 

The acrochordal cartilage is rich in intercellular deposit while the pila antoti
ca shows a lesser degree of chondrification, especially towards its lateral side 
which passes over into the posterior part of the orbital cartilage. 

The expansion of the posterior part of the orbital cartilage anterolaterally 
has enclosed the trochlear nerve in a long horizontal canal. A similar canal 
for the trochlear nerve has been described by Crompton (1953) in Spheniscus, 
Frank (1954) in Struthio, Engelbrecht (1958) in Euplectes, and Toerien (1971) 
in Podiceps. 

No anlage of a pila antotica spuria could be detected at the posteroventral 
side of the posterior part of the orbital cartilage. The latter does however extend 
further backwards and thus reduces the size of the incisura prootica. 

The tip of the chorda is more flexed, but is still embedded in the acrochordal, 
while the anterior part of the chorda is situated closer to the cerebral surface 
than in the previous stage. 

The two portions of the otic capsule are still distinguishable as the canalicular 
portion still consists mainly of mesenchyme and procartilage, while the cochlear 
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Fig. 7 A--C. Photomicrographs of transverse sections through the anterior region of the nasal 
capsule. A Stage I, B Stage II, C Stage II. Scale bars, 200 J.lm (C see page 15) 

portion has chondrified to a large extent. Chondrification of the floor, hind 
wall, and roof of the cochlear portion has diminished the cochleocanalicular 
fissure. Anteriorly, the fissure is still open and in continuation with the posterior 
part of the incisura prootica. 

Broadening of the basal plate behind the attachment of the cochlear portion 
of the otic capsule has encroached on the fissura metotica anteriorly and thus 
broadened the attachment between the basal plate and the cochlear portion. 

14 



Fig.7C 

Behind this attachment the glossopharyngeal and vagal accessory nerves leave 
the cranial cavity through the fissura metotica. 

In the membranous labyrinth the superior and posterior semicircular canals 
have differentiated and the cochlear region and endolymphatic duct increased 
in length. 

Intercellular substance in the anlage of the metotic cartilage has increased 
so that it is now procartilaginous, but is still separated from the otic capsule. 

In the occipital region the basal plate has broadened and the pila occipitalis 
increased in height. Three hypoglossal foramina are present on one side and 
four on the other (Fig. 9). The cranial ribs are still faintly recognisable. 

In the developing craniovertebral joint intercellular continuity is still present 
between the basal plate and vertebral column. 

3.2.2 The Anterior End of the Chondrocranium 

All the elements of the chondrocranium immediately in front of the acrochordal 
cartilage and pila antotica are well chondrified, but it is still possible to distin
guish histologically between the supra polar and polar cartilages and the trabecu
lae. 

The polar cartilage has developed a short posteroventrally directed infrapo
lar process on its ventral side. An incisura, the incisura carotica, is thus formed, 
bordered anteriorly by the infra polar process, dorsally by the polar cartilage 
and its fusion with the pila antotica, and posteriorly by the basal plate. The 
internal carotid artery traverses the incisura carotica in a medial direction and 
passes anterodorsally and medial to the polar cartilage to anastomose behind 
Rathke's pouch with its partner from the opposite side (Fig. 2 B). 
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Fig. 8. Stage II. Reconstruction of chondrocranium (norma dorsalis). Scale bar, 1 mm 

The fenestra hypophyseos has diminished in diameter and narrowed ante
riorly through the expansion of the surrounding elements (Fig. 8). 

Considerable elongation of the trabecular region has taken place so that 
its anterior tip projects beyond the orbital cartilage (compare Figs. 1 and 10). 

The deposition of more intercellular substance in the region of the trabecula 
communis anterior to the fenestra hypophyseos has resulted in the separate trabe
culae of the hypophyseal region now being continued anteriorly as two rods 
into the previously unpaired procartilaginous trabecula communis (Fig. 11). 

In cross section in this region, the still procartilaginous trabecula communis 
appears wedged between the trabeculae and gives the impression of being a 
separate structure. This has been interpreted as an intertrabecula by some au
thors (Figs. 5 B, 6 B). 

Bellairs (1958), who regards the intervening material in Gallus in this region 
as an intertrabecula, describes the trabeculae in the anterior region as wide 
apart and increasing in size instead of tapering anteriorly. 

Anterior to the fenestra hypophyseos an interorbital septum has been formed 
by a procartilaginous upgrowth of the dorsal edge of the trabecula communis 
which forms the base of the interorbital septum. This increases in height ante-
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Fig. 9. Stage II. Reconstruction of chondrocranium (norma ventralis). Scale bar, 1 mm 

riorly and bears a ridge along its dorsolateral edge which passes over into 
the anterior part of the orbital cartilage (Fig. 11 C). 

More intercellular substance has been deposited in the anterior part of the 
orbital cartilage, but the procartilaginous supraorbital part connecting it to 
the posterior part of the orbital cartilage of the previous stage is now reduced 
to a thin band of tissue without any trace of intercellular deposit (Fig. 8). This 
too will shortly disappear. Bellairs (1958) described a similar transitory band 
of condensed tissue in a 6-day stage of Gallus. 

Anterior to the attachment of the dorsal edge of the orbital septum to 
the anterior part of the orbital cartilage, the orbital septum passes over into 
a definite procartilaginous nasal septum that has developed from the wedge
shaped ridge on the ventral surface of the ethmoid plate (Fig. 5A). The ridge, 
the trabecula communis, forms the base of the nasal septum. Growth above 
the base has resulted in the mesenchymatous ethmoid plate being carried 
upwards and changed in shape. The dorsal surface that was concave in the 
previous stage is now convex (Fig. 7 B). 

Above the anterior region of the nasal sacs, intercellular deposit in the eth
moid plate has resulted in a procartilaginous roof for the nasal capsule. Lateral-

17 



Anlerior part of orbil al cartilag 

Transilory supraorb,lal part of Ihe ort)lla l cart,lage 

In erorbilal seplum 

Nasal S 

Elhmoid plale 

Anlage of Ihe base 01 
Ihe nasal sePlum 

Base of ,"lerorb,la l seplum 

Meeke!"s ca rt ,lage 

Anlage copu la 
Processus retroart lculans 

Inlracolumellar pan 01 columella auns 

Anlage branch'al arch I 

Staped ial and extracolumellar part 01 columella aurls 

____ Posterior parI of orbila l carti lage 

. / Pile antol,ca 

Quadr31e 

OIlC capsule 

Meto tlc carlilage 

Fissura melotica 

- Pila occipi talis 

Basal plate 

Fig. 10. Stage II. Reconstruction of chondrocranium (norma lateralis). Scale bar, 1 mm 

ly, the roof passes over into mesenchymatous sidewalls. Above the posterior 
region of the nasal sacs the roof narrows to a strip along the dorsal edge 
of the nasal septum. A sidewall for this region is formed, however, by the 
dorsolateral corner of the procartilaginous roof above the anterior region of 
the nasal sac being continued posteroventrally as a crescent-shaped mesenchy
matous plate with a concavity facing inwards (Fig. 7 B, C). 

The conspicuous procartilaginous floor of the posterior nasal region has 
been reduced to a procartilaginous ridge on either side of the base of the poste
rior part of the nasal septum, which projects as a keel between the ridges (Fig. 6 B). 
Posterior to the attachment of the inferior oblique eye muscle, which takes 
place with the lateral surface of the septum above the base (Fig. 5 B), the keel 
is absent and the ridges continue for the length of the orbit as the pointed 
ventrolateral corners of the interorbital septum (Fig. 6C). The amount of inter
cellular substance in these corners is markedly more than in the rest of the 
interorbital septum. 

The olfactory nerve still passes more or less vertically down to the nasal 
sacs, but with the elongation of the ethmoid plate the short olfactory nerves 
now pass ventrolaterally behind the ethmoid plate. 
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Optic nerve 

Fig. 11 A-C. Photomicrographs of transverse sections through the trabeculae just anterior 
to the fenestra hypophyseos. A Stage I, B Stage II, C Stage II. Scale bars, 200 11m (C see 
page 20) 

3.2.3 The Visceral Arches 

The procartilaginous mandibular arch of the previous stage now consists of 
young cartilage, but continuity of intercellular substance still exists between 
Meckel's cartilage and the quadrate in the region of the future articulation 
(Fig. 10). The processus orbitalis has developed a transitory mesenchymatous 
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Fig. 11 C (Legend see page 19) 

connection with the posteroventral corner of the polar cartilage (Fig. 9). De 
Beer and Barrington (1934) found a procartilaginous connection between the 
quadrate and polar cartilage in Anas and considered it a remnant of the articula
tion between the neurocranium and the mandibular arch. Similar transitory 
connections have been described by Filatoff (1906) in Columba and by Engel
brecht (1958) in Euplectes. 

The quadrate has developed a processus oticus at its posterodorsal edge, 
but it does not yet reach the otic capsule (Fig. 8). 

De Beer and Barrington (1934) and Slaby (1951 a) describe two chondrifica
tion centres in Meckel's cartilage in Anas and Phalacrocorax respectively, but 
in Gallus Meckel's cartilage develops as a uniform structure, and has increased 
in length and straightened (Fig. 9). 

The separate mesenchymatous anlagen of the previous stage are now procar
tilaginous and indistinguishably fused to one another, but the dorsally situated 
stapedial and extracolumellar part is still separate from the otic capsule (Fig. 10). 
The infracolumellar part has elongated and its thickened ventral tip contains 
a cartilaginous core with markedly more intercellular deposit than in the rest 
of the infracolumellar part. 

In a 6-day embryo of 34 mm the anlagen of the columella auris are also 
pro cartilaginous, but the dorsally situated stapedial and extracolumellar part 
is still separated from the otic capsule and from the ventrally situated infracolu
mellar part. 

Copula 1 and 2 have developed as separate procartilaginous bars in the 
single mesenchymatous copular anlage of the previous stage leaving a mesenchy
matous area between them. Copula 1 is larger and bears an anteriorly directed 
mesenchymatous lingual process. 
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In the branchial arch the ceratobranchial is now procartilaginous, while 
the posterior mesenchymatous part represents the future epibranchial. The ante
rior tip of the ceratobranchial is connected to the mesenchymatous area between 
the copulae. 

3.3 Stage III 

Total length of embryos: 46 mm and 50 mm (Stage 34 of Hamburger and Hamil
ton 1951). 8 days' development. 

3.3.1 The Basal Plate and Otic Capsules 

At the 8th day of development most of the major elements of the chondrocra
nium have chondrified and dermal ossifications are present. The cranial flexure 
has lessened and the S-shaped flexure of the basal plate and acrochordal cartilage 
is less pronounced. 

A slitlike fenestra basicranialis posterior has been formed in the anterior 
region of the basal plate by the resorption of cartilage around the chorda 
(Fig. 12). Although W.K. Parker (1869) does not state explicitly that the fenestra 
basicranialis posterior in Gallus develops through resorption, it is implied by 
the description that the formation is caused by the" opening-up and widening 
of the primordial fissure" in which the chorda lies in the cartilaginous basal 
plate. This mode of development is in contrast with the findings of Sonies 
(1907) who states that in Gallus a fenestra basicranialis is present from the 
start. 

As in Euplectes (Engelbrecht 1958) the fenestra is formed by dorsal and 
ventral areas of resorption that are not situated directly above each other; 
the ventral area is situated slightly posterior (Fig.2B). The anterior part of 
the fenestra thus appears as a depression on the dorsal surface of the basal 
plate with only its hindermost portion overlapping the ventral area of resorption 
(Fig. 12). 

In Gallus, the two areas of resorption do not develop simultaneously. In 
Stage II some resorption has already taken place dorsally as the chorda is 
situated nearer to the cerebral surface than in Stage I, but there is not yet 
any sign of resorption ventrally. In an intermediate stage (41 mm), resorption 
in the dorsal area is complete while ventrally a decrease in intercellular deposit 
indicates the position of the ventral area. 

The eventual reduction of the cartilaginous posterior wall of the hypophyseal 
pit, which seems to be a characteristic of avian chondrocrania, has commenced 
in the region immediately around the chorda with the result that the tip of 
the chorda now emerges from the anterior surface of the acrochordal cartilage 
(Fig. 2B). In the reduction process only the intercellular substance is affected 
and the chondrocytes persist as connective tissue. 

The posterior part of the orbital cartilage now consists of young cartilage 
and the only indication of a former connection with the supraorbital and ante
rior parts of the orbital cartilage is a blunt, anteriorly directed postorbital pro-
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Fig. 12. Stage III. Reconstruction of chondrocranium (norma dorsalis). Scale bar, 1 mm 

cess on its anterolateral corner (Fig. 12). Sonies (1907) describes a processus 
postorbitalis (his processus lateralis) in a 9-day embryo of Gallus. 

Lateral to the profundus branch of the trigeminal nerve the pila antotica 
spuria has started to develop as a posteroventral extension of the ventral edge 
of the posterior part of the orbital cartilage, while more laterally a posteroven
trally directed orbitocapsular process has developed near the posterolateral 
corner (Fig. 12). As in the majority of forms described, and in agreement with 
the findings of Sonies (1907) for Gallus, an anteriorly directed process, the 
prootic process of later authors, has developed on the anterior wall of the 
canalicular portion of the otic capsule (Fig. 13). 

Through increase in size of the posterior part of the orbital cartilage and 
the otic capsules and the development of the pila antotica spuria and prootic 
process, the incisura prootica is reduced considerably, but all the branches of 
the trigeminal nerve still leave the cranial cavity through the incisura prootica. 
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Compared to the previous stage, the canalicular portion of the otic capsule 
has rotated posteriorly and now lies posterodorsal to the cochlear portion 
(Fig. 13). 

Fusion of the metotic cartilage to the lateral edge of the pars lateralis has 
enclosed the vagal accessory nerve in a separate foramen situated between these 
elements (Fig. 12). The glossopharyngeal nerve still leaves the cranial cavity 
through the anterior part of the metotic fissure. 

In the membranous labyrinth the lateral semicircular canal has now differen
tiated. Around the membranous labyrinth the first indications of resorption 
of intercellular substance to provide space for the expanding labyrinth are pres
ent (Fig. 14A). Resorption has also started in the wall of the canal for the 
facial nerve. Chondrification has increased in the cochlear portion of the otic 
capsule and also started to spread into the canalicular portion resulting in the 
cochleocanalicular fissure of the previous stage being reduced to foramina. 

Anteriorly, the closure of the fissure has resulted in the facial nerve becoming 
enclosed in a canal in the anterior wall of the otic capsule. The foramen for 
one branch of the acoustic nerve is situated behind the posterior orifice of 
this canal while the foramina for the remaining three are situated medially 
and in front of the foramen for the endolymphatic duct (Fig. 12). 

At the anterior end of the fissura metotica a cavity still filled with embryonic 
tissue, the recessus scalae tympani, is situated between the otic capsule dorsally 
and the transition of the basal plate into metotic cartilage ventrally. Anterodor-
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Fig. 14A, B. Photomicrographs of transverse sections through the otic capsule. A Stage III, 
B Stage IV. Scale bar, 200 Ilm 
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Fig. 15. Stage III. Transverse section through basal plate and otic capsule. Scale bar, 1 mm 

sally, the recessus scalae tympani is in communication with the cavity of the 
otic capsule through the foramen perilymphaticum, medially with the cranial 
cavity through the apertura medialis recessus scalae tympani, and anterolaterally 
to the exterior through the apertura lateralis recessus scalae tympani ( = fenestra 
rotunda). The glossopharyngeal nerve leaves the cranial cavity through the aper
tura medialis recessus scalae tympani, traverses the medioventral side of the 
recessus scalae tympani, and leaves the latter through the foramen formed be
tween the basal plate and metotic cartilage (Fig. 15). 

The lateral edge of the pila occipitalis has become syndesmotically attached 
to the floor of the wall of the superior semicircular canal for a short distance 
(Fig. 14A). Faint traces of intercellular deposit can be detected in this attach
ment. Behind the attachment the tip of the pila occipitalis ends freely below 
the otic capsule. 

In another 8-day embryo of 50 mm the paired anlagen of the tectum synoti
cum are present as two procartilaginous strips along the posterior part of the 
wall of the posterior semicircular canal. Ventrally each strip is attached to the 
floor of the anterior part of the wall and dorsally to the posterior wall at 
the posterodorsal corner of the superior semicircular canal enclosing a large 
slitlike foramen for the vena emissaria occipitalis between the anlage of the 
tectum synoticum and the wall of the otic capsule. Behind the dorsal attachment 
the anlage of the tectum synoticum terminates some distance from the tip of 
its partner as a blind-ending mesenchymatous process. 

Sonies (1907) describes the paired anlagen of the tectum synoticum as inde
pendent cartilaginous strips along the posterior region of the superior semicircu
lar canals, before fusing with one another and with the otic capsules along 
the walls of the superior semicircular canals, leaving perforations (presumably 
for the venae emissariae occipitales). In the present series, however, the ventral 
and dorsal attachments were present from the beginning. 
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Fig. 16A-C. PhotoIDicrographs of sagittal sections through acrochordal cartilage and basal 
plate showing incisura carotica. A Stage III; scale bar, 210 !lID. B Stage IV; scale bar, 190 !lID. 
C Stage V; scale bar, 200 !lID (C see page 27) 

In the occipital region all traces of the cranial ribs have disappeared and 
the foramina for the hypoglossal nerves reduced to two on each side (Fig. 12). 
In the craniovertebral joint only traces of intercellular continuity remain between 
the elements. 
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Fig.16C 

3.3.2 The Anterior End of the Chondrocranium 

The infrapolar process has increased in length and closely approaches a short, 
anteriorly directed protuberance that has developed on the ventral surface of 
the basal plate. Loose mesenchymatous tissue separates them at this stage 
(Fig. 16A). 

In front of the fenestra hypophyseos the procartilaginous interorbital septum 
above the trabecula communis is now chondrified and no longer distinguishable 
histologically from the base (Fig. 5 C). The most important development in 
this region has however taken place in the anterior part of the orbital and 
in the nasal region. In the latter, all elements of the nasal capsule are present 
as definite chondrifications or as mesenchymatous or procartilaginous precur
sors. 

The procartilaginous ethmoid plate above the anterior part of the nasal 
sac of the previous stage has extended posteriorly above the posterior part 
of the nasal sac as the parietotectal cartilage (Fig. 17 A, B). The mesenchymatous 
down bent lateral edge extends ventrally as the sidewall (Fig. 17 C). In the anteri
or region the sidewall is less extensive, but more posteriorly the crescent-shaped 
mesenchymatous sidewall has chondrified as the lower part of the sidewall, 
while dorsal to it the sidewall is pushed inwards as the concha nasalis (Fig. 6C). 
The cavum conchae in which the posterior end of the lateral nasal gland will 
eventually be lodged is still filled with loose tissue. The first anlage of the 
gland, that of its duct, is still only a short solid proliferation of the wall of 
the anterior region of the nasal sac. It has been demonstrated that in Anas 
(de Beer and Barrington 1934) and in Caprimulgus (Frank 1954) the concha 
nasalis develops from a separate anlage - the paranasal cartilage which fuses 
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Fig. 17 A-C. Stage III. Photomicrographs of a series of transverse sections through the anterior 
region of the nasal capsule. Scale bars, 200 11m (C see page 29) 

with the lateral edge of the parietotectal cartilage. In Gallus, however, the wall 
of the concha nasalis, when first observed, is continuous with the parietotectal 
which passes over into the wall of the concha nasalis without any discernable 
histological difference (Fig. 6C). 

The posterior wall of the nasal capsule, the planum antorbitale, has deve
loped as a vertical procartilaginous plate projecting anteroventrally from the 
edge of the parietotectal between the orbit and the nasal sac (Fig. 13). Behind 
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Fig.17C 

the planum antorbitale the parietotectal is continued into the anterior part 
of the orbit as a laterally directed ridge of the dorsal edge of the interorbital 
septum. The anteroventral corner of the planum antorbitale is fused to the 
ventrolateral edge of the concha nasalis, while the posteroventral corner is drawn 
out as a short, posteriorly directed process abutting against the lateral surface 
of the interorbital septum just above the base and immediately anterior to 
the attachment of the inferior oblique eye muscle. A large orbitonasal fissure 
through which the profundus and olfactory nerves leave the orbit is formed 
between the lateral surface of the interorbital septum and the medial edge of 
the planum antorbitale. 

Anterior to the planum antorbitale the turbinals have appeared as simple 
ridges on the walls of the nasal capsule. The cartilage of the walls of the nasal 
capsule gradually passes over into procartilage and eventually into mesenchyme 
along the edges of the turbinals (Fig. 17). The atrioturbinal is a slightly curved, 
ventrolaterally directed ridge of the parietotectal in the anterior region of the 
nasal capsule. Immediately posterior to it and ventral to the concha nasalis, 
the maxilloturbinal projects from the medial surface of the sidewall as a medially 
directed ridge. 

The procartilaginous ridge along the lateral side of the base of the posterior 
part of the nasal septum has been resorbed except for an anterior portion 
which has chondrified. This chondrified ridge stretches posteriorly from the 
level of the anterior end of the maxilloturbinal, where it is also the most conspi
cuous, and dwindles to disappear towards the posterior end of the nasal septum 
which now appears circular in cross section. The former position of the resorbed 
pro cartilaginous ridge along the lateral surface of the base of the posterior 
part of the nasal septum is however still indicated by a strip of darker-stained 
perichondrium along the edge of the base of the nasal septum in this region. 
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This darker strip is continued posteriorly into and over the entire length of 
the orbital region, indicating the position of the resorbed ventrolateral corners 
of the base of the interorbital septum of the previous stage (Fig. 5C). The 
base of the interorbital septum has, through resorption of these corners, become 
circular. Bellairs (1958) describes similar strips of deeply stained perichondrium 
over the sides of the lower edge of the interorbital septum of a 7-day embryo 
of Gallus. 

As in the nasal region, important and rapid developments have also taken 
place in the anterior part of the orbital region. In embryos of intermediate 
stages of development (Stages 30 and 31 of Hamburger and Hamilton 1951), 
the olfactory nerve, as in Stages I and II, still passes straight down, in front 
of the anterior part of the orbital cartilage. In this stage, however, rapid change 
in the anterodorsal corner of the orbital region has resulted in the olfactory 
nerve being enclosed in a long transitory canal. Bellairs (1958) also notes the 
rapid modification and striking change occurring in this region within 12 h 
or less. 

The long canal for the olfactory nerve is formed by the appression of the 
medial surface of a section of the anterior part of the orbital cartilage, the 
lateral surface of the dorsal part of the interorbital septum, and the lateral 
edge of the ridgelike continuation of the parietotectal cartilage into the orbit 
which forms the roof of the canal (Fig. 18). The anterior opening of the canal, 
the foramen olfactorius advehens bordered laterally by the anterior part of 
the orbital cartilage, medially by the dorsal part of the interorbital septum 
and dorsally by the posterior continuation of the parietotectal cartilage, is situ
ated some distance behind the orbitonasal fissure so that the olfactory nerve 
traverses the anterodorsal part of the orbit before entering the nasal capsule. 

In the region of the foramen olfactorius advehens the bordering elements 
are in the same state of chondrification (Fig. 18A). More posteriorly, there 
is a progressive increase in intercellular deposit in the anterior part of the orbital 
cartilage (Fig. 18 B, C), while the roof of the canal and the dorsal part of the 
septum, forming the medial wall, contain less intercellular deposit and, when 
these eventually terminate at the posterior opening of the canal into the cranial 
cavity, the foramen olfactorius evehens (Fig. 18B, C), consists of mesenchyme 
only. 

Behind the posterior openings of the canals the combined roof of the two 
canals projects backwards as a short mesenchymatous anlage for the processus 
tectalis (Fig. 18 D), and the well-chondrified anterior part of the orbital cartilage, 
forming a ventrolateral wall to the cranial cavity, is continued posteriorly along 
the dorsal edge of the interorbital septum as far as the level of the optic chiasma. 

The ventrally curved prenasal process has lengthened and consists of young 
cartilage, except for its anterior tip which is still procartilage (Fig. 13). 

Fig. 18A-D. Stage III. Photomicrographs ofa series of transverse sections through the posterior I> 
orbital region. Scale bars, 200 f.1m 
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Fig. 19 A-C. Photomicrographs of transverse sections through the otic capsule. A Intermediate 
7-day stage; scale bar, 200 flm. B Intermediate 8-day stage; scale bar, 200 flm. C Stage III; 
scale bar, 180 flm (C see page 33) 

3.3.3 The Visceral Arches 

Meckel's cartilages have elongated considerably and fused anteriorly in the mid
line. The processus retroarticularis has lengthened and at the medial edge a 
processus angularis has developed. A synovial cavity has started to develop 
between the lower end of the quadrate and the posterior end of Meckel's carti-
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Fig.19C 

lage. The processus orbitalis still has a narrow mesenchymatous connection 
with the posteroventral corner of the polar cartilage. The processus oticus of 
the quadrate reaches back to make contact with the otic capsule (Fig. 13). 

More intercellular substance has been deposited in the columella auris so 
that this structure is now chondrified and the various processes can be recog
nised. In the dorsal anlage a well-chondrified, medially situated stapedial part 
and a slightly less chondrified, lateral extracolumellar part can be distinguished. 
The thicker medial tip of the stapedial part, the footplate of the stapes, which 
in Stage II was situated beneath the floor of the cochlear part of the otic 
capsule (Fig. 19 A), is now lodged in the wall of the otic capsule (Fig. 19 C). 

Except for a small area anteriorly, where continuity of intercellular deposit 
is present between the footplate and wall of the otic capsule, a fenestra ovalis 
is present as a ring-shaped area around the footplate devoid of intercellular 
deposit and filled with flattened cells (Fig. 19C). The mode of development 
of the footplate of the stapes indicates a purely visceral origin for this structure 
in Gallus and agrees with the findings of Sonies (1907), Lutz (1942), and Smit 
and Frank (1979). Smith (1905), however, regards the cells forming the footplate 
in Gallus to be derived from both the visceral arch and the otic capsule. 

The fenestra ovalis thus develops through resorption of the chondrified wall 
of the otic capsule in the region opposite the intruding footplate of the stapes. 
According to Sonies (1907), the fenestra ovalis in Gallus is a remnant of the 
cartilage-free area between the two cartilaginous anlagen of the otic capsule. 
In the present series, however, the wall of the otic capsule in the region where 
the fenestra ovalis will develop is chondrified before the swollen tip of the 
stapedial part of the columella auris fuses with it. It is only after fusion that 
a thinning of the wall is evident opposite the intruding footplate. 
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An intermediate stage (an 8-day embryo of 46 mm) shows that this position 
of the footplate is brought about by the swollen tip of the stapedial part pushing 
into the wall of the otic capsule (Fig. 19 B). This tip is fused to the floor of 
the otic capsule and there is complete continuity of intercellular substance. 
There is, however, markedly more intercellular deposit in the swollen stapedial 
tip than in the surrounding wall of the otic capsule so that the outline of 
the former can be clearly made out. A line of flattened chondrocytes, indicating 
the boundary between the swollen stapedial tip and the cartilage of the otic 
capsule, shows that the tip has started to push into the wall of the otic capsule 
(Fig. 19C). 

The extracolumellar part of the columella auris bears two processes - a 
shorter, posterolaterally directed processus supracolumellaris and a longer, ven
trolaterally directed processus extracolumellaris. The infracolumellar part has 
chondrified as a processus infracolumellaris projecting ventrally from the dorsal 
part of the columella auris on the boundary between the stapedial and extracolu
mellar parts. The swollen, ventral, chondrified tip of the infracolumellar part 
of the previous stage is still discernable as the rest of the processus infracolumel
laris, although chondrified, and contains noticeably less intercellular deposit. 

Paraglossal cartIlage -

Copula 1 

Copula 2 -~'7"~" Ceralobranchial 

Eplbranchlal 

Fig. 20. Stage Ill. Reconstruction of hyoid apparatus (norma dorsalis). Scale bar, 1 mm 

Anterodorsal, and in close proximity to copula 1, the paired anlagen of 
the paraglossal cartilage have appeared as parallel, and slightly divergent poste
riorly, mesenchymatous rods (Fig. 20). Copula 1 and 2 are well-chondrified and 
only a faint indication of a boundary between them shows up as an area of 
less densely chondrified cartilage. A concavity into which the anterior end of 
the ceratobranchial fits has developed on the lateral surface of this area. Copu
la 2 now lies posteroventral to copula 1 and extends further backwards than 
in the previous stage. The cera to branchial is cartilaginous and an epibranchial 
has chondrified in the posterior part of the branchial arch leaving a small 
area of dense mesenchyme between them. 

In a 7-day embryo (41 mm) the cera to branchial is already well-chondrified 
while, except for a short procartilaginous posterior region, the epibranchial 
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is still mesenchymatous with only faint traces of intercellular deposit. This inter
mediate stage thus confirms the findings of Sonies (1907) that in Gallus chondri
fication of the ceratobranchial precedes that of the epibranchial. 

3.4 Stage IV 

Total length of embryos: 55 mm and 57 mm (Stage 35 of Hamburger and Hamil
ton 1951). 9 days' development. 

3.4.1 The Basal Plate and Otic Capsules 

The distinguishing features of this stage are resorption at the anterior end of 
the basal plate and of the posterior part of the orbital cartilage, the replacement 
of the attachment of the latter to the basal plate by the pila antotica by a 
laterally situated pila antotica spuria and the development of a dorsal border 
for the foramen magnum. 

The pila antotica spuria has fused with the lateral surface of the basal plate, 
enclosing the profundus branch of the trigeminal nerve in its own foramen 
(Fig. 21). The other branches of the trigeminal nerve pass on the lateral side 
of the pila antotica spuria through what remains of the incisura prootica, the 
incisura prootica spuria. This incisura is nearly converted into a foramen for 
these nerves by the approaching of the orbitocapsular process of the posterior 
part of the orbital cartilage and the prootic process of the otic capsule. 

Resorption of the acrochordal cartilage and pila antotica has started and 
will eventually lead to a stage described by de Beer and Barrington (1934) 
where the pila antotica disappears and the posterior part of the orbital cartilage 
in Gallus is connected to the basal plate by the pila antotica spuria only. The 
resorption leads to the foramen for the oculomotor nerve being situated just 
behind the anterior edges of the acrochordal and pila antotica. 

Resorption of the basal plate and acrochordal around the chorda has 
increased the fenestra basicranialis posterior considerably and for quite a dis
tance the anterior end of the chorda lies above the dorsal surface of the basal 
plate and of the acrochordal, covered only by a thin membrane (Fig. 21). Above 
the tip of the chorda, resorption of the intercellular substance is practically 
completed, but the chondrocytes still maintain the shape of the anterior end 
of the acrochordal of the previous stage. 

Regression of the posterior part of the orbital cartilage has considerably 
decreased its height, liberating the trochlear nerve from its canal, as well as 
leading to the formation of a vacuity in the centre similar to that described 
in Gallus (Tonkoff 1900) and Anas (de Beer and Barrington 1934; Fig. 21). 

Further straightening of the cranial flexure has caused the posterior part 
of the orbital cartilage to rotate backwards and downwards, resulting in a 
further decrease of the incisura prootica, and the posterior part of the orbital 
cartilage being situated closer to the otic capsule. 

The anterior end of the metotic cartilage has fused to the prominentia canalis 
semicircularis lateralis below the point where the otic process of the quadrate 
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Fig, 21. Stage IV Reconstruction of chondrocranium (norma dorsalis), Scale bar, 1 mm 

makes contact with the otic capsule. Closure of the metotic fissure upon the 
glossopharyngeal nerve has resulted in a separate foramen for the nerve, 

Within the otic capsule the areas of resorption around the parts of the 
membranous labyrinth are larger and better defined (Fig, 14 B), More resorption 
has also taken place in the wall of the canal for the facial nerve, 

The otic capsule is now almost fully chondrified, except for the posterior 
canalicular portion, A shallow indentation, the subarcuate fossa, has developed 
dorsomedially in the posterior part of the capsular wall, ventrolateral to the 
anterior semicircular canal (Fig, 21), 

The hypoglossal nerve leaves the cranial cavity through two well-defined 
foramina on each side, In a 55-mm embryo, however, three hypoglossal fora
mina are still present on each side and a minute first branch of the hypoglossal 
nerve leaves the cranial cavity through its own foramen. 

In the occipital region, the tips ofthe paired anlagen of the tectum synoticum 
have fused posteriorly to complete the dorsal border of the foramen magnum 
which now consists of young cartilage (Fig, 21). The dorsal attachment has 

36 



Otic capsu le 

Vena emissaria occipitatis 
Tectum synotlcum 

Vena emissana occipitalis foramen 

Fig. 22. Stage IV. Stereograms of the tectum synoticum. Scale bar, 1 mm 

broadened along the edge of the otic capsule so that the dorsal part of the 
tectum synoticum is now in the form of a vertical plate with a deep notch 
in the dorsal midline (Fig. 22). The ventral attachment to the floor of the wall 
of the superior semicircular canal has also broadened and spread over the lateral 
surface of the posterior end of the pila occipitalis (Fig. 23). The tip of the 
latter is, however, left free. 

3.4.2 The Anterior End of the Chondrocranium 

As in the previous stage the tip of the infrapolar process approaches the protu
berance on the ventral surface very closely, but the loose mesenchymatous tissue 
between them has become dense. Above the internal carotid artery, considerable 
resorption of the roof of the incisura carotica has taken place (Fig. 16 B). 

The different parts of the posterior prechordal region are now all in an 
advanced state of chondrification and are so completely fused that the original 
entities can only be detected by the position of the foramina which were formed 
between them. 

The interorbital septum is thinner than in the previous stage, but no interor
bital fenestra have formed yet. In the 55-mm embryo the nasal septum is also 
still complete, but in the 57-mm embryo two fenestrae have developed; an 
anteriorly situated fenestra septi nasi which is a narrow slit situated immediately 
above the base of the nasal septum in the region of the fenestra narina, and 
a posteriorly situated fenestra craniofacialis in the region of the chondrified 
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Fig. 23. Stage V. Photomicrograph of a sagittal section through the posterior end of the 
otic capsule. Scale bar, 190 J.lm 

ridge along the base of the nasal septum at the level of the anterior end of 
the maxilloturbinal (Fig. 24). W.K. Parker (1869) describes similar extentions 
along the lateral side of the base of the nasal septum bordering the fenestra 
craniofacialis in an embryo of Gallus at the end of the 2nd and beginning 
of the 3rd week of incubation as "supervomerine laminae" (see also discussion 
of the intertrabecula in Sect. 4.2.2). 

The nasal capsule has elongated considerably and the ventrally curved prena
sal process of the previous stage has elongated and become straightened and 
its anterior part has become broader (Fig. 21). Chondrification has increased 
in the nasal septum and the prenasal process, and in the roof and sidewalls 
of the posterior part of the capsule. In the anterior region only the septum 
is fully chondrified while the roof is still procartilaginous passing over into 
mesenchymatous sidewalls. The sidewalls in both the anterior and posterior 
parts of the nasal capsule have grown down further except in the region opposite 
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Fig. 24. Stage IV. Reconstruction of chondrocranium (norma lateralis). Scale bar, 1 mm 

the posterior end of the atrioturbinal and the anterior end of the maxilloturbinal, 
where the sidewall shows a deep notch exposing the ends of the turbinals 
(Fig. 21). The ventral edge of the sidewall in the region of the atrioturbinal 
is turned slightly inwards. 

The atrioturbinal is still mesenchymatous but chondrification has spread 
from the parietotectal into the base of the maxilloturbinal. The rest of the 
maxilloturbinal, except for its mesenchymatous posterior tip, is procartilaginous. 
The concha nasalis has been pushed in further, thus deepening the cavum which 
is still filled completely with loose tissue. The anlage of the duct of the lateral 
nasal gland, still solid, has extended posteriorly and its solid swollen end, the 
anlage of the gland itself, is situated opposite the anterior margin of the opening 
of the cavum, the aditus conchae. The expanding lateral edge of the planum 
antorbitale has grown over the aditus conchae from behind reducing it to an 
anteroventrally facing slit. The relations of the different parts of the fully chon
drified nasal capsule are shown in a series of transverse sections in Fig. 35. 

At the level of the anterior end of the fenestra craniofacialis the anlage 
for the lateral wall of the posterior canal for the ramus medialis nasi is present 
as a plate of dense mesenchyme lateral to the nerve and a short distance below 
the parietotectal (Fig. 25 A). At the level of the posterior end of the atrioturbinal 
the anlage for the roof and sidewall of the anterior canal for the ramus medialis 
nasi is present in the form of a procartilaginous ventrolaterally directed platelike 
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outgrowth of the nasal septum some distance above the base of the nasal septum 
and just above the nerve (Fig. 26A). The mesenchymatous ventral edge slopes 
posteriorly and its posterior tip is connected to the lateral surface of the nasal 
septum immediately above the base. The mesenchymatous posterior end of the 
atrioturbinal is attached to the lateral surface of the anterior part of the roof 
and sidewall of the anterior canal (Fig. 26A). The roof and sidewalls for the 
anterior canal have been described as a nerve bridge in Gallus (W.K. Parker 
1869), a ridge of cartilage which covers the ramus medialis nasi (de Beer and 
Barrington 1934) and posteriorly situated process (Swart 1946) in Anas, and 
protuberances of the nasal septum in Strix (May 1961). 

The posteriorly directed process of the posteroventral corner of the planum 
antorbitale, which in the previous stage terminated just in front of the attach
ment of the inferior oblique eye muscle, has increased in length so that its 
tip projects slightly beneath the anterior end of the attachment. 

The chondrified ridge along the lateral edge of the base of the posterior 
part of the nasal septum of the previous stage has dwindled somewhat, but 
is still recognisable as the pointed lateral edge of the base of the septum 
(Fig. 25A). The strip of darker-stained perichondrium along the posterior part 
of the base of the nasal septum and its continuation into the orbital septum 
can no longer be distinguished from the perichondrium surrounding the entire 
base of these septa. 

In the orbital region reduction of that section of the anterior part of the 
orbital cartilage forming the anterior area of the lateral wall of the canal for 
the olfactory nerve has resulted in the posterior displacement of the foramen 
olfactorius advehens so that the olfactory nerve now traverses the orbit for 
a longer distance. The foramen olfactorius advehens, which in the previous 
stage was situated just anterior to the attachment of the superior oblique eye 
muscle, is now situated above the posterior end of this attachment. Some inter
cellular deposit is present in the anterior part of the anlage of the processus 
tectalis. 

3.4.3 The Visceral Arches 

Meckel's cartilage has elongated and its tip now lies below that of the elongated 
and straightened prenasal process of the previous stage. The retroarticular pro
cess reaches further back (Fig. 24). 

The processus orbitalis of the quadrate has shortened and lost its connection 
with the polar cartilage. At the base of the processus orbitalis a protuberance, 
with a central concavity lodging the posterior tip of the pterygoid, has developed 
on the medial surface of the quadrate. A synovial cavity will eventually develop 
at the posterior tip of the pterygoid, but at this stage the space between the 
entities is filled with mesenchymatous tissue. In the same region, but on the 

<l Fig. 25A-D. Photomicrographs of transverse sections through the nasal capsule in the region 
of the posterior canal for the ramus medialis nasi. A Stage IV; scale bar, 200 11m. B Stage 
V; scale bar, 210 11m. C Stage VI, 14-day embryo; scale bar, 200 11m. D Stage VI, 16-day 
embryo; scale bar, 200 11m 
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Fig. 27. Stage IV. Reconstruction of chondrocranium (norma ventralis). Scale bar, 1 mm 

lateral lower side of the quadrate, a shallow groove has developed, lodging 
the posterior end of the quadratojugal (Fig. 24). 

Around the columella auris the middle ear cavity has developed by the 
expansion of the end of the medial portion of the hyoid visceral cleft. This 
expansion has narrowed the wide area of connective tissue between the medial 
part of the hyoid cleft and the inner end of the auditory meatus into a tympanic 
membrane in which the extra- and supracolumellar processes of the columella 
auris are embedded. 

The paraglossal cartilages are mostly chondrified, except for their anterior 
tips which are still mesenchymatous. Their anterior portions lie close to the 

<l Fig. 26A-D. Photomicrographs of transverse sections through the nasal capsule in the region 
of the anterior canal for the ramus medialis nasi. A Stage IV; scale bar, 200 !lm. B Stage 
V; scale bar, 190 !lm. C Stage VI, 14-day embryo; scale bar, 170 !lm. D Stage VI, 16-day 
embryo; scale bar, 200!lm 
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midline, while their broader posterior portions diverge lateroventrally to lie 
laterodorsal to the anterior end of copula 1. Copula 1 and 2 have increased 
in size and length and the posterior narrow tip of copula 2 is bent downwards 
(Fig. 27). 

The epibranchial reaches further back than in the previous stage and its 
posterior tip is curled upwards (Fig. 24). 

3.5 Stage V 

Total length of embryos: 65 mm and 67 mm (Stage 36) and 73 mm (Stage 37 
of Hamburger and Hamilton 1951).10 and 11 days' development. 

Only minor differences occur between the embryos of 10 and 11 days' deve
lopment. The main differences are an increase in the size of the vacuity in 
the posterior part of the orbital cartilage and further resorption of the pila 
antotica around the profundus branch of the trigeminal nerve. Apart from 
these differences the chondrocrania are more or less identical and will therefore 
be described as one. 

3.5.1 The Basal Plate and Otic Capsules 

Further resorption of the anterior end of the basal plate has liberated the oculo
motor nerve from its foramen and it now passes over the anterior end of the 
acrochordal. No further resorption of the basal plate around the chorda has 
taken place. 

Resorption along the periphery has decreased the size of the posterior part 
of the orbital cartilage and resorption around the central vacuity has increased 
the size of the latter (Fig. 28). The posterior part of the orbital cartilage has 
thus been reduced to a thin platelike structure with a large central vacuity. 

The posterior part of the orbital cartilage has established a second connec
tion, the orbitocapsular commissure (Fig. 28), between the orbitocapsular and 
prootic processes to form the foramen prooticum spurium medial to the com
missure. The maxillary and mandibulary branches of the trigeminal nerve pass 
through this foramen. 

In the younger embryo (10 days) the posterior part of the orbital cartilage 
is still, as in the previous stage, attached to the basal plate by both the pila 
antotica and pila antotica spuria, but in the older embryo (11 days) the process 
of resorption in the pila antotica, already evident in the previous stage, has 
resulted in the disappearance of the anterolateral border of the foramen prooti
cum so that the profundus branch of the trigeminal nerve lies in a groove 
on the lateral surface of the remainder of the pila antotica. The posterior part 
of the orbital cartilage is thus connected to the basal plate only by the more 
laterally situated pila antotica spuria. This condition is described by Tonkoff 
(1900) and is also shown by the Ziegler copy of Tonkoffs model. 

The dorsal tip of the otic process of the quadrate has developed two heads. 
The medial head fits into a concavity in the wall of the otic capsule (Fig. 29), 
and the lateral head into a concavity formed laterally by the anteroventral 
corner of the squamosal and medially by a ridge of better chondrified cartilage 
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Fig. 28. Stage V, Reconstruction of chondrocranium (norma dorsalis). Scale bar, 1 mm 

on the ventral surface of the base of the prootic part of the orbitocapsular 
commissure (Fig, 30A). In the lO-day embryo only dense connective tissue is 
present between the heads and the entities forming the concavities, but in an 
l1-day embryo a separate cup-shaped structure has chondrified in the dense 
connective tissue between the squamosal and the lateral head of the otic process. 
Later this will fuse with the cartilaginous ridge on the ventral surface of the 
orbitocapsular commissure and together they will form the cartilaginous lining 
of the articular surface for the lateral head of the otic process (Fig. 30A). The 
ventral edge of the squamosal has established contact with the anterodorsal 
surface of the metotic cartilage. 

The otic capsule and the tectum synoticum are now fully chondrified. The 
cartilage of the otic capsule, which is in a more advanced state of chondrifica
tion, passes over gradually into the younger cartilage of the tectum synoticum. 
Hypertrophy of the chondrocytes has taken place in the pars lateralis of the 
occipital region and is continued posteriorly into the pila occipitalis. This area 
is also surrounded by a thin layer of perichondral bone. 
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From the orbitocapsular commissure a dorsolateral ridge extends backwards 
on the lateral side of the canalis semicircularis anterior to where the pila occipita
lis fuses with the posterior end of the otic capsule, This ridge has been described 
in Rhea (Muller 1961) as a commissura parieto-occipitalis (Fig. 28). It was also 
found in Fulica (Macke 1969) and in Melopsittacus (de Kock 1987). 

The metotic cartilage has a short, anteriorly directed process at its anterior 
edge which lies ventral to the columella auris. This process is not homologous 
with the process of the metotic cartilage found in Euplectes (Engelbrecht 1958) 
and in Melopsittacus (de Kock 1987), described there as situated more laterally 
and closely associated with the ventrolateral region of the squamosal. The pro
cess in Gallus lies more medially, ventral to the otic capsule, similar to the 
condition in Fulica (Macke 1969). 

In all specimens of this stage there are two foramina for the branches of 
the hypoglossal nerve on each side. 

A synovial cavity now separates the occipital condyle from the articular 
facet on the atlas, to which it was until now attached by mesenchyme. 
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Fig. 30A-C. Stage VI. Photomicrographs of transverse sections. A Through lateral head of 
otic process of the quadrate. B Through orbital region. C Through concavity of quadrate 
for quadratojugal. Scale bars, 170 !lm (C see page 48) 

3.5.2 The Anterior End of the Chondrocranium 

The process of resorption in the roof of the incisura carotica of the previous 
stage has spread ventrally into the infrapolar process and the protuberance 
on the ventral surface of the basal plate so that the incisura carotica is wide 
open again. The cellular remains of the cartilage now surround the internal 
carotid artery in this region. While reduction in the cartilaginous boundaries 
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Fig. 30e (Legend see page 47) 

took place, ossification of the parasphenoid occurred, converting the incisura 
into a foramen. The platelike parasphenoid forms a floor for the hypophysial 
pit and from its dorsal surface a transverse plate rises to form an osseous 
lining for the anterior wall of the pit (Fig. l6C). 

Resorption around the ophthalmic artery has increased the size of the oph
thalmic foramen. 

The nasal capsule is more or less the same as in the previous stage, except 
for a more advanced state of chondrification, especially in the older (11-day) 
embryo, and an extension of the floor in the region of the atrioturbinal. The 
turbinals are almost fully chondrified to the ends of the scrolls, except for 
the atrioturbinal which still consists mostly of mesenchymatous tissue or young 
cartilage towards the tectum nasi. Between the fenestra narina and the posterior 
end of the atrioturbinal the ventral edge of the sidewall which was turned 
only slightly inwards in the previous stage has extended as a procartilaginous 
floor beneath the lateral part of the nasal sac in this region. 

In the 10-day embryo the mesenchymatous anlage of the lateral wall of 
the posterior canal of the ramus medialis nasi has chondrified and is closely 
applied to the nasal septum. There is however no continuity of intercellular 
deposit yet and the common perichondrium between the entities is plainly visible. 
In the 11-day embryo there is continuity of intercellular substance between 
the septum and the ventral edge of the lateral wall while the dorsal edge is 
only closely applied to the septum (Fig. 25 B). 

In the region of the anterior canal for the ramus medialis nasi the floor 
is fused to the mesenchymatous posterior end of the atrioturbinal which in 
turn is fused to the anterior region of the roof and lateral wall of the anterior 
canal for the ramus medialis nasi. The procartilaginous roof and lateral wall 
of the anterior canal for the ramus medialis nasi is chondrified except for the 
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Fig. 31. Stage V. Reconstruction of chondrocranium (norma lateralis). Scale bar, 1 mm 

posterior end of the ventral edge which is still mesenchymatous. In the region 
of the canal, the nasal septum immediately above the base has become thinner 
(Fig. 26B), 

In certain areas the interorbital septum is thinner than in the previous stage, 
but in none of the specimens has a fenestra yet developed. 

The anterior part of the orbital cartilages has decreased in size, but the 
olfactory nerve is still enclosed in its short canal on the inside of the anterior 
part of the orbital cartilage and the posterior extension of the parietotectal 
cartilage. The processus tectalis has now chondrified. 

3.5.3 The Visceral Arches 

Meckel's cartilage has lengthened further and has straightened out, resulting 
in its anterior tip lying directly beneath the tip of the prenasal process (Fig. 31). 
Posteriorly, the processus retroarticularis extends further backwards, A synovial 
cavity has developed between the ventral end of the quadrate and Meckel's 
cartilage. The otic process of the quadrate is still synchondrotically connected 
to the otic capsule. The relations of the otic process to the otic capsule and 
adjacent structures have already been described. 

Ossification of the quadrate has started in the form of a cylinder of perichon
dral bone around the middle part of the otic process, Inside this bony cylinder 
the chondrocytes are hypertrophied. 
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Fig. 32. Stage V. Reconstruction of hyoid apparatus (norma dorsalis). Scale bar, 1 mm 

There has been no structural change in the columella auris, except for fuller 
chondrification of the different parts. The footplate of the stapes fits into a 
fenestra ovalis, which has now formed through the loss of intercellular substance 
of the capsular wall surrounding the footplate. 

The paraglossal cartilage is in a more advanced state of chondrification, 
except for its anterior end which is still mesenchymatous. In the iO-day embryo 
the anterior ends of the paraglossal cartilage have fused along the midline, 
though still apart posteriorly. In the ii-day embryo the medial sides are syn
chondrotically connected to each other posteriorly, resulting in an elongated 
opening along the midline just anterior to the connection (Fig. 32). The different 
parts of the hyoid apparatus can still be distinguished from one another. The 
posterior parts of the cerato- and epibranchials are surrounded by a layer of 
perichondral bone inside which the chondrocytes are hypertrophied. 

3.6 Stage VI 

Total length of embryos: 95 mm and 118 mm (Stages 40 and 41 of Hamburger 
and Hamilton 1951). 14-16 days' development. 

Although ossification and pneumatisation of areas of the chondrocranium 
have taken place, no significant structural changes have occurred. A complete 
description of the chondrocranium will not therefore be given. 
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Fig. 33. Stage VI. Reconstruction of chondrocranium (norma dorsalis). Scale bar, 1 mm 

3.6.1 The Basal Plate and Otic Capsules 

Where no endochondral ossification of the chondrocranium was present in the 
previous stage, and hypertrophy of the chondrocytes was seen only in the otic 
process of the quadrate, the cera to- and epibranchials, and the pila occipitalis, 
there are now extensive areas of hypertrophied chondrocytes as well as endo
chondral and perichondral ossification in various parts of the chondrocranium. 

The anterior end of the basal plate and acrochordal has formed a layer 
of perichondral bone, with endochondral ossification at various localities. Fur
ther back, around the fenestra basicranialis posterior, the basal plate consists 
mostly of hypertrophied chondrocytes and is fused to the ventrally situated 
parasphenoid. The fenestra basicranialis posterior has increased in size through 
further resorption of the basal plate around the chorda (Fig. 33). The foramen 
for the abducent nerve has also increased in size and became lined with bone, 
especially in the older embryo (16 days). 
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Hypertrophied chondrocytes are present in the pila antotica spuria as well 
as in the posterior part of the orbital cartilage, and in the orbitocapsular com
missure, especially in the region of the articulation facet with the lateral head 
of the otic process of the quadrate (Fig. 30 A). 

The separate cup-shaped structure that chondrified between the squamosal 
and the lateral head of the otic process of the 11-day embryo has nearly fused 
with the ridge on the ventral surface of the base of the prootic part of the 
orbitocapsular commissure to form a continuous articular surface into which 
the lateral head of the otic process fits (Fig. 30A). 

In an 18-day embryo the two cartilaginous entities have fused but the ar
rangement of the chondrocytes still indicates their previous boundaries. This 
is in agreement with the condition in Apteryx (T.J. Parker 1891) and Podiceps 
(Toerien 1971) where it is also possible to distinguish between the adjacent 
parts of the facet for the lateral head of the otic process. 

The part of the articular lining lying against the squamosal is more intimately 
connected to it by strands of cartilage containing hypertrophied chondrocytes 
stretching into the squamosal (Fig. 30A). Similar cartilaginous strands are also 
present where the squamosal abuts against the metotic cartilage. Synovial cavi
ties have formed around the lateral and medial heads of the otic process with 
a narrow strip of connective tissue separating them (Fig. 30A). 

Centres of ossification have become established in the orbitocapsular com
missure, the middle part of the metotic cartilage, the pila occipitalis, and the 
tectum synoticum, as well as in the vesicular part of the otic capsule. 

Enlargement, as well as deepening of the fossa subarcuata, has taken place. 

3.6.2 The Anterior End of the Chondrocranium 

The different parts of the trabeculopolar complex have nearly all ossified as 
the basisphenoid and parasphenoid rostrum (Fig.30B). The only parts still 
possessing cartilaginous material are the dorsal ends of the polar and suprapolar 
cartilages, and the posterior end and base of the interorbital septum. The latter 
is underlain by the parasphenoid rostrum and a layer of perichondral bone 
has formed along the lateral sides of the base of the interorbital septum. Hyper
trophy of the chondrocytes of the posterior part of the interorbital septum 
is present up to the optic chiasma. Ossification around the fenestra hypophyseos 
has extended dorsally into the ventral part of the polar cartilages but the fora
men for the ophthalmic artery still passes through a cartilaginous foramen be
tween the polar- and suprapolar cartilages. In an 18-day embryo, ossification 
has spread around the foramen and only the tip of the suprapolar is still cartilagi
nous. 

The posterior end of the parasphenoid rostrum has formed an articulation 
on its ventrolateral side for the anterior end of the pterygoid. The articulation 
consists of a synovial cavity with a thick articular cartilage on either side of 
the cavity. W.K. Parker (1869) describes the formation of this articulation in 
an embryo at the commencement of the 3rd week of incubation. The posterior 
end of the pterygoid has developed an articulation below the base of the proces
sus orbitalis with the medioventral side of the quadrate. A synovial cavity has 
developed between the two entities and cartilage has formed over the tip of 
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Fig. 34. Stage VI. Reconstruction of nasal capsule (norma ventralis). Scale bar, 1 mm 

the pterygoid. Irregular strands of cartilage with hypertrophied chondrocytes 
extend into the pterygoid. 

A large fenestra septalis has developed in the interorbital septum. The peri
chondria of the resorbed cartilage form a membrane across the fenestra. A 
similar formation of the fenestra septalis has been described by Bellairs (1958) 
in Gallus. 

Further resorption of the anterior part of the orbital cartilage has resulted 
in the complete liberation of the olfactory nerve in the orbital region. In the 
younger embryo (14 days) the cartilage has been resorbed except for its posterior 
tip projecting dorsolaterally from the posterodorsal corner of the interorbital 
septum. In the older embryo (16 days) these have disappeared. 

In the nasal capsule important structural changes have taken place and 
the capsule is now completely chondrified. The chondrocytes of the prenasal 
process are hypertrophied, as are those in the base of the nasal septum 
(Fig. 25 C). Hypertrophy of the chondrocytes reaches from the base into the 
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Fig. 36. Stage VI. Photomicrograph of transverse section through the anterior end of the 
orbital region showing the vomerine cartilages. Scale bar, t 90 j.1m 

ventral end of the nasal septum. Behind the fenestra craniofacialis, hypertrophy 
of the chondrocytes of the interorbital septum has commenced. 

A small cupola anterior has formed (Fig. 34), bordering the fenestra narina 
anteriorly. The floor of the cupola anterior is continued posteriorly below the 
fenestra narina as an incomplete floor for the anterior part of the nasal capsule 
as far as the posterior end of the atrioturbinal (Fig. 34). The floor consists 
of a slender median bar along the lateral side of the base of the nasal septum 
separated by an interrupted space from a broader lateral region. 

In the 14-day embryo, both dorsal and ventral edges of the lateral wall 
of the posterior canal for the ramus medialis nasi is completely fused to the 
nasal septum (Fig. 25 C). In one 16-day embryo, however, the ventral edges 
are not fused (Fig. 25D). As these are already fused in an 11"day embryo it 
appears as if variation occurs in the sequence of fusion of the dorsal and ventral 
edges of the lateral wall for the nasal septum. 

A synovial joint has developed in the mesenchymatous connection between 
the posterior end of the atrioturbinal and the anterior end of the roof of the 
anterior canal for the ramus medialis nasi. The posterior tip of the ventral 
edge of the lateral wall for the anterior canal of the ramus medialis nasi has 
fused with the nasal septum just above its base, thus forming a complete roof 
and lateral wall for the nerve. The nasal septum in this region, already thinner 
in the previous stage, has now disappeared and its former position is indicated 
by a thin membrane formed by the fused perichondria (Fig. 26C, D). 

Between the canals, resorption of the nasal septum has taken place along 
the course of the ramus medialis nasi to form a narrow fissure (Fig. 35 C). 
W.K. Parker (1869) describes this resorption of the nasal septum in the vicinity 
of the ramus medialis nasi only in a 7- to 9-month old fowl and considers 
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the close contiguity of the median branches of the nasal nerve as the reason 
for the resorption of the cartilage between them. About halfway along the 
course of the ramus medialis nasi between the two canals the fissure is continu
ous with the fenestra craniofacialis. 

Growth in the base of the nasal septum below the fenestra craniofacialis 
has resulted in a change of shape of this structure. Instead of the diamond
shaped outline of the previous stages (Fig. 25A, B) it has become rounded 
and flattened dorsoventrally, and because of the lateral expansion the ridges 
of the previous stages no longer appear as such (Fig. 35 D-F). In an older 
embryo (18 days) the base of the nasal septum has begun to atrophy. It will 
eventually break through beneath the fenestra craniofacialis transforming it 
into the craniofacial notch. 

Two cartilaginous nodules have developed in the older embryo (16 days) 
in the region behind the planum antorbitale (Fig. 36). They are flattened, round 
structures wedged in between the ventrolateral sides of the base of the interorbi
tal septum and the palatine. W.K. Parker (1876) suggested the name vomerine 
cartilages for structures in this region of Linota cannabina. Engelbrecht (1958) 
also described similar structures in the same region of the palate of Euplectes. 

3.6.3 The Visceral Arches 

Different stages of ossification and pneumatisation are found in the visceral 
arches. According to Bremer (1940) air sacs develop in most of the bones of 
the head through bone pneumatisation, except in the mandible which in most 
birds, including Gallus, does not become pneumatised. 

Hypertrophy of the quadrate chondrocytes has taken place in the neck of 
the orbital process and a layer of perichondral bone has formed around this 
area. Further back the quadrate gradually becomes ossified (Fig. 30C) until 
a stage is reached in the otic process where endochondral ossification has re
placed nearly all the cartilage and the otic process is surrounded by a layer 
of perichondral bone. The posterior end of the otic process is, however, still 
cartilaginous. The quadrate has also pneumatised with an air sac reaching from 
it into the pterygoid. This corresponds with the findings of Bremer (1940) that 
air sacs of the quadrate in Gallus are connected across the joints with those 
of the bones articulating with it. 

A synovial cavity has developed between the quadrate and the posterior 
end of the quadratojugal which is covered by a thin layer of cartilage. The 
posterior end of the quadratojugal contains hypertrophied chondocytes 
(Fig. 30C). Jollie (1957) described the articulation of the quadratojugal with 
the quadrate in Gallus as a ball and socket joint. 

Hypertrophy of the chondorcytes has taken place in the lateral wings of 
the paraglossal cartilage and in the copula towards the posterior end of copula 2. 
The division between copula 1 and 2 is still faintly recognisable through the 
slightly weaker affinity for the dyes used of the matrix between the two parts. 
A synovial cavity has developed between the copulae and the anterior end 
of the cera to branchial. Except for a small anterior portion and a longer posterior 
portion the ceratobranchial has ossified and pneumatisation has set in in the 
ossified region. The cartilaginous transition of the ceratobranchial into the epi-
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branchial is also, like that between copula 1 and 2, just recognisable. The epi
branchial consists of cartilage with hypertrophied chondrocytes, but there is 
no sign of perichondral ossification. 

The chondrocytes in the columella auris are hypertrophied. A very thin 
layer of perichondral bone surrounds the stapes, and blood vessels infiltrate 
the footplate of the stapes. The different parts of the columella auris have 
become more prominent and Huxley's foramen has appeared in the solid base 
of the processus supracolumellaris of the previous stage (Fig. 37). Crompton 
(1953) states that the foramen in the penguin is closed off by fusion of the 
processus supracolumellaris lateralis. Smit and Frank (1979) label these two 
elements on either side of Huxley's foramen as the medial and lateral limbs 
of the processus supracolumellaris. At its free end, the processus supracolumel
laris has formed two processes, directed medially and laterally. 

Platner's ligament has formed, reaching from the processus supracolumel
laris medialis laterally towards the otic process of the quadrate. A similar course 
for this ligament has also been described by Smith (1905) in birds in general 
and Frank (1954) in Struthio. Smith (1905) also describes ligaments stretching 
from the processus extracolumellaris and the processus infracolumellaris to the 
eustachian tube. 
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4 Resume and Discussion 

4.1 The Basal Plate and Otic Capsules 

4.1.1 The Acrochordal Cartilage and Tip of the Chorda 

W.K. Parker (1869) described the first chondrifications in an embryo of Gallus 
on the fourth day of incubation. In a paper" On the structure and development 
of the bird's skull (Part II)", read before the Linnean Society in December 
1875 and published in 1876 (date of bound volume 1879), he stated that his 
first stage in the 1869 description of the development of Gallus is "rather under
dated" as the 4th day and applies to an embryo of the 5th day. In the description 
of the skull of the fowl in The morphology of the Skull (W.K. Parker and 
Bettany 1877) the first elements of the chondrocranium are present in an embryo 
at the end of the 5th day of incubation. Sonies (1907) describes the first chondri
fication, that of the acrochordal, in a 5-day embryo of Gallus. 

The acrochordal cartilage, because of its greater affinity for the dyes 
employed, when observed in the 5-day stage appears to be the first part of 
the chondrocranium to make its appearance in Gallus. This is in accordance 
with the findings of Sonies (1907) in Gallus and Anas and de Beer and Barrington 
(1934) in Anas. This appears to be the general pattern in birds, the only recorded 
exceptions being Phalacrocorax (Slaby 1951 a) where the chondrification of the 
visceral arches precedes that of the acrochordal and Struthio (Frank 1954) where 
the acrochordal develops after the basal plate. 

In the early stages of development the tip of the chorda does not pierce 
the anterior surface of the acrochordal. W.K. Parker (1869) describes the chorda 
in his first stage to "reach within a very slight distance of the pituitary space". 
It is only in an embryo of 8 days' incubation that the tip of the chorda is 
liberated from the cartilage through resorption of that part of the acrochordal 
in the immediate vicinity of the chorda. This course of events has also been 
described in Euplectes (Engelbrecht 1958), Podiceps (Toerien 1971), and Melop
sittacus (de Kock 1987). A chorda tip piercing the ventral surface of the acro
chordal in the youngest stages studied have been described for Tinnunculus 
(Suschkin 1899), Spheniscus (Crompton 1953), Struthio (Frank 1954), and Colius 
(Goldschmid 1972). These authors give no indication whether they regard this 
as an original or derived condition. JUdging from Sonies' description (1907) 
of the course of development in the vicinity of the tip of the chorda in Gallus 
and Anas, the tip of the chorda which projects from the ventral surface of 
the acrochordal cartilage does so because it was not surrounded by the mesen
chymatous anlage of the acrochordal cartilage. 
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Lang (1955) describes and illustrates a pronounced, ventrally flexed tip of 
the chorda in young stages of Gallus, Columba and Melopsittacus, labeling it 
the chorda descendens. Such extreme flexure was not found in the present inves
tigation. In the young stages (3 and 4 days) only the very tip of the chorda 
has a slight ventral curve and in one 5-day embryo there is no trace of flexure 
at all. It thus appears that there is considerable variation in the degree of flexure 
of the tip of the chorda in Gallus. Absence of flexure of the tip of the chorda 
has been described in the younger stages of Apteryx (T.]. Parker 1888, 1891) 
and in some of the younger stages of Podiceps (Toerien 1971). 

4.1.2 The Fenestra Basicranialis Posterior 

The fenestra basicranialis posterior develops at 8 days' incubation by resorption 
of the cartilage dorsal and ventral to the chorda. W.K. Parker (1869) describes 
this formation by resorption in an embryo of Gallus in the middle of the 2nd 
week of incubation. Sanies (1907), however, states emphatically that in Gallus 
the fenestra basicranialis posterior is present from the start and does not develop 
through resorption. He illustrates a fenestra basicranialis posterior in an embryo 
of 6 days 6 h of incubation. The development through resorption of the basal 
plate has been described in Tinnunculus (Suschkin 1899) and Euplectes (Engel
brecht 1958). 

The dorsal and ventral areas of resorption in Gallus do not develop simulta
neously as in Euplectes (Engelbrecht 1958), the dorsal area being the first to 
appear. In Tinnunculus (Suschkin 1899) the development of the fenestra basi
cranialis posterior starts as a depression on either the dorsal or ventral surface 
of the basal plate. 

A fenestra basicranialis posterior is absent in Spheniscus (Crompton 1953), 
Rhea (Frank 1954; MUller 1961), Caprimulgus (Frank 1954), Struthio (Frank 
1954), Colius (Gold schmid 1972), and Melopsittacus (de Kock 1987). The contro
versy over the condition in Struthio has been fully discussed by de Kock (1987). 

4.1.3 The Otic Capsules 

W.K. Parker (1869) states that the otic capsule of Gallus is a constituent part 
of the basal plate. This view has been accepted by T.]. Parker (1891) for Apteryx, 
Suschkin (1899) for Tinnunculus, and Gaupp (1906) in his discussion of the 
otic capsule of birds in general. Sonies (1907), however, found an independent 
origin for the cochlear portion in Anas and Gallus, as did de Beer and Barrington 
(1934) in Anas. Since then, various authors have recognised a separate origin 
for the cochlear portion of the otic capsule from the basal plate; Slaby (1951 a) 
in Phalacrocorax, Crompton (1953) in Spheniscus, and Macke (1969) in Fulica. 
Frank (1954) in Struthio, Lutz (1942) in Dromaius, Engelbrecht (1958) in Eup
lectes and de Kock (1987) in Melopsittacus found the cochlear portion of the 
otic capsule indistinguishably fused to the basal plate in their youngest stages. 
In the earliest stage of Gallus the cochlear portion is fused to the basal plate, 
but the procartilaginous cup-shaped cochlear portion can be distinguished from 
the basal plate as well as from the canalicular portion. 
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4.1.4 The Orhitocapsular Commissure and Otic Process 

Although the prootic process is present in most forms in which the development 
of the orbitocapsular commissure was investigated, it was not identified as an 
element in the orbitocapsular commissure of Spheniscus (Crompton 1953) and 
Caprimulgus (Frank 1954). This is probably the result of a lack of suitable 
developmental stages. When this connection between the posterior part of the 
orbital cartilage and the otic capsule is first described in these forms (as an 
orbitocapsular process) it exists already in the form of a commissure. 

That this commissure is only established relatively late during development 
(when the other elements in the vicinity are well-chondrified and some have 
already started to be resorbed) is probably the reason for SlabY's (1951 a) convic
tion that in Phalacrocorax, where in his oldest stage the commissure still consists 
only of young cartilage, a fully chondrified commissure is never formed. 

The otic process of the quadrate develops articular joints with the ventral 
surface of the orbitocapsular commissure, the otic capsule, and the squamosal. 
When first identified, the otic process is separated from the otic capsule and 
only makes contact in the 8-day embryo. At 10 days, two heads have developed. 
The lateral head will articulate with a cartilage-lined articular facet on the ventral 
edge of the squamosal laterally and the pleurosphenoid medially, while the 
medial head articulates with the prootic. 

The controversy in the literature about the mode of articulation of the otic 
process is the result of descriptions based on material where the tip of the 
otic process has not yet obtained its full development and adult relationships 
with adjacent structures. 

In Gallus, W.K. Parker (1869) describes inner and outer heads for the quad
rate articulating with the otic capsule and squamosal respectively, but does 
not mention cartilaginous linings on these. He does mention, however, in The 
morphology of the skull (W.K. Parker and Bettany 1877) a cartilaginous facet 
on the otic capsule for the inner head of the quadrate. 

T.]. Parker (1891) describes the double nature of the cartilaginous facet 
in an embryo of Apteryx at the time of hatching where the lateral head articulates 
with a cartilaginous facet situated on the anteroventral corner of the squamosal 
and in contact with, but clearly distinguishable from, a facet on "the outer 
surface of the cartilaginous junction between the prootic and alisphenoid (= 
pleurosphenoid) and extending on to the latter bone itself" (p.47). He also 
poses the question whether the cartilaginous facet developing in connection 
with the squamosal is a neomorph or a part of the chondrocranium. He consid
ered it comparable to and possibly homologous with the meniscus of mammals 
and certainly corresponding to the cartilaginous facet on the squamosal of liz
ards. Without going into detail, Suschkin (1899) states that in Tinnunculus the 
articulation facets for the quadrate develop as in Apteryx (T.]. Parker 1891). 

Tonkoff (1900), in a footnote under his description of the squamosal, 
describes a small, roundish, cartilaginous part of the squamosal where the latter 
forms a joint with the quadrate in a 10-day 18-h embryo of Gallus. It is intimately 
fused with the squamosal and there is no histological distinction between this 
piece of cartilage and that of the neurocranium. 

An examination of Tonkoffs model shows this element not as he describes 
it in the footnote, a small, roundish cartilage intimately fused to the squamosal, 
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but a conspicuous, elongated nodule separate from the squamosal, situated 
on the posterodorsal end of the otic process, and abutting against the otic 
capsule. The otic process still shows no signs of differentiation into medial 
and lateral heads. He also states that, in his illustration, this cartilage is easily 
seen between the quadrate and the squamosal. This is however, not evident 
from his figure, which was copied as Gaupp's (1906) Fig. 393, from Tonkoffs 
model. In both these figures the conspicuous nodule of the model is not evident! 
The explanation for this is probably that in the production of the model the 
size of the element was exaggerated and the shape and exact location misrepre
sented and that Tonkoff(1900) rectified this in his figure. 

Gaupp (1906), using Tonkoffs model as the basis for his description of 
the skull of Gallus, describes the articulation of the otic process to the otic 
capsule by means of this cartilaginous nodule, situated medially to the squamo
sal but, as far as can be judged from his description, apparently not in contact 
with the latter. He regards this element as a separate entity and states that 
the impression he obtained from a few available stages of Gallus was that it 
was initially connected to the otic capsule, an idea also favoured by De Beer 
(1937). 

Sonies (1907) describes in Gallus a medial articulation of the processus oticus 
with the ventral surface of the prootic part of the orbitocapsular commissure 
and a lateral articulation with the medial surface of the lower part of the squa
mosal. Although he states that the articulations are as described by T.J. Parker 
(1891) and Suschkin (1899) he does not mention the cartilaginous lining of 
the facet on the squamosal. As his oldest embryo was only 10 days old this 
structure, which in the present series is present at 11 days, had probably not 
yet chondrified. 

A cartilaginous lining for the facet on the squamosal for the lateral head 
of the otic process has also been described for Caprimulgus (Fourie 1955), Eup
lectes (Engelbrecht 1958), Passer (Saayman 1963), Sturn us (de Kock 1955), Podi
ceps (Toerien 1971), and Melopsittacus (de Kock 1987). This apparently also 
applies to Phalacrocorax where Slaby (1951 a) describes a cartilaginous forma
tion between the quadrate, otic capsule, and the anlage of the squamosal and 
illustrates it as a flattened, cup-shaped structure between the quadrate and the 
squamosal. 

In most forms this lining cartilage on the squamosal is apparently separated 
from the chondrocranium, but in Apteryx (T.J. Parker 1891), Euplectes (Engel
brecht 1958) and Podiceps (Toerien 1971) it is fused to the orbitocapsular com
missure. In Euplectes (Engelbrecht 1958) it forms the complete cartilaginous 
lining for the facet on the squamosal and apparently chondrifies in continuity 
with the orbitocapsular commissure. In Podiceps (Toerien 1971), as in Apteryx 
(T.J. Parker 1891), the lining cartilage on the squamosal forms only the lateral 
part of the articular facet of the synovial joint for the lateral head of the otic 
process; the medial part is formed by cartilage of the orbitocapsular commissure. 
In Podiceps (Toerien 1971), the two parts of the cartilaginous lining are separated 
by an unchondrified zone; T.J. Parker (1891) merely states that they are in 
contact but clearly distinguishable. 

The present material confirms the findings of T.J. Parker (1891) in Apteryx 
and Toerien (1971) in Podiceps that part of the cartilaginous lining for the 
lateral head of the otic process in Gallus chondrifies as a separate element 
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in close connection with the squamosal before fusing to the medial part, formed 
by cartilage of the orbitocapsular commissure. In an 18-day stage the lining 
cartilage is continuous but the arrangement of chondrocytes still indicates the 
boundary between the components. 

The impression has been conveyed by some authors (Gaupp 1906; de Beer 
1937) that this cartilage in Gallus is of capsular origin and de Beer (1937) 
goes as far as to wonder about its possible relation to the hyoid arch skeleton. 
These authors emphasise the relations between the cartilaginous element and 
the otic process and otic capsule but do not describe the precise relationship 
of this element to the squamosal. The reason for this is that they base their 
descriptions of the condition in Gallus on Tonkoffs model rather than on his 
description. 

The present material shows that this cartilaginous nodule chondrifies inde
pendently of the neurocranium and is intimately connected from the start to 
the medial surface of the squamosal. It only later fuses with the cartilaginous 
ridge on the base of the prootic part of the orbitocapsular commissure to form 
the cartilaginous surface with which the lateral head of the otic process articu
lates. There is no doubt that the part of the lining cartilage of the facet for 
the lateral head of the otic process arising from a separate anlage in Gallus, 
as in Apteryx and Podiceps, is a neomorph, like those cartilages on the posterior 
end of the quadratojugal, between the pterygoid and palatine, and between 
them and the rostrum. 

4.1.5 The Pila Antotica Spuria 

Except in Podiceps (Toerien 1971) where it develops as a process of the basal 
plate which fuses with the posterior part of the orbital cartilage, the pila antotica 
spuria develops in all other forms as a process of the posterior part of the 
orbital cartilage. In Struthio, however (Brock 1937; Frank 1954), it is described 
as developing from the pila antotica but, judging from Brock's (1937) and 
Frank's (1954) figures, it seems more likely that it develops from the posterior 
part of the orbital cartilage as in all other forms except Podiceps (Toerien 1971). 

The posterior tip of the pila antotica spuria can fuse with the basal plate 
as in Anas and Gallus (de Beer and Barrington 1934) and Euplectes (Engelbrecht 
1958), to the pila antotica (vera) as in Phalacrocorax (Slaby 1951 a) and Struthio 
(Brock 1937; Frank 1954), to the lateral abducent commissure as in Spheniscus 
(Crompton 1953), or to the cochlear portion of the otic capsule as in Strix 
(May 1961). In Dromaius, Kesteven (1942) regards a cartilaginous structure 
lying in the position of a pila antotica spuria, but not fusing with the basal 
plate, simply as the posterior part of the orbital cartilage. 

In Gallus the pila antotica spuria starts as a process of the ventral edge 
of the posterior part of the orbital cartilage in an 8-day embryo and· fuses 
with the lateral surface of the basal plate at 9 days. Resorption of the acrochor
dal and pila antotica also starts at 9 days, leading to a condition in the II-day 
embryo where the pila antotica has disappeared and the posterior part of the 
orbital cartilage is connected to the basal plate only by the pila antotica spuria. 
This succession of changes has also been described for Gallus by de Beer and 
Barrington (1934). In the Ziegler copy of Tonkoffs model of the skull of Gallus 
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the anterolateral border of the foramen prooticum has already been resorbed, 
but a remnant of the pila antotica is still present on the median side and the 
profundus branch of the trigeminal nerve lies in a groove on its lateral surface. 

4.1.6 The Tectum Synoticum 

W.K. Parker (1869) describes the closure of the foramen magnum in 5- to 
7-day embryos of Gallus by the exoccipitallamina "growing upwards to meet 
its fellow in the superoccipital region and thus enclose the spinal chord" (p 764). 
This creates the impression that the dorsal -border of the foramen magnum 
is not formed by a separate cartilaginous element. 

According to Sonies (1907) the dorsal border of the foramen magnum in 
Gallus is formed by the tectum synoticum, the anlagen of which appear in 
a 9-day embryo as two cartilaginous strips along the posterior region of the 
superior semicircular canals before fusing with one another and with the otic 
capsules. 

In the present series, procartilaginous strips make their appearance in the 
8-day stage and are already attached to the otic capsule. This attachment by 
means of two roots leaves a large slitlike foramen for the vena emissaria occipita
lis. The strips only fuse in the midline at 9 days. After fusion in the midline 
the tectum synoticum is a vertical plate with a deep notch in the dorsal midline 
and is attached to the otic capsule by two roots, the more ventral of which 
has also spread over the posterior end of the pila occipitalis. 

According to de Beer (1937), apparently basing his statement on descriptions 
by Tonkoff (1900) and Gaupp (1906), the ventral root in Gallus "gives the 
impression of being attached to the dorsal end of the occipital arch" (p. 280). 
Tonkofrs model of the skull of Gallus shows the tectum synoticum as described 
above, but the ventral attachment is only with the otic capsule. De Beer's (1937) 
conception of the relationship of the elements in this area was probably gained 
by a study of a drawing in Gaupp (1906) of the dorsal aspect of Tonkoffs 
model which does give the impression that the ventral attachment could also 
be with the pila occipitalis. In the model, however, this is not the case and 
the pila occipitalis lies free below the otic capsule. 

The statement by de Beer (1937) about Gallus has been interpreted by Toerien 
(1971) as a condition where a combined tectum synoticum and tectum posterius 
exists. The development of the dorsal border of the foramen magnum in Gallus, 
however, shows that the anlagen are attached to the otic capsule and that 
the element present is thus a tectum synoticum of which the ventral attachment 
spreads over the lateral surface of the pila occipitalis. This broadening of the 
ventral attachment on to the pila occipitalis cannot be regarded as a separate 
element, the tectum posterius, as it does not comply with the definition of 
the function of a tectum posterius, namely, to connect the occipital arches. 

Toerien (1971) summarises the findings in connection with the closure of 
the dorsal border of the foramen magnum in different forms. Other forms 
where the tectum synoticum has a double attachment either to the otic capsule 
alone or to the latter and the occipital process (tectum posterius) has been 
described in Anas (de Beer and Barrington 1934), Phalacrocorax (Slaby 1951 a), 
Turdus (Slaby 1951 b), Ardea (Slaby 1952), Struthio and Caprimulgus (Frank 
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1954), Rhea (Muller 1961), Podiceps (Toerien 1971) and Melopsittacus (de Kock 
1987). 

4.2 The Anterior End of the Chondrocranium 

4.2.1 The Incisura Carotica 

The confusion concerning the structures forming the borders of the incisura 
carotica has been fully discussed by Engelbrecht (1958), May (1961) and 
Goldschmid (1972). The anteroventral border of the incisura carotica, in which 
the internal carotid artery lies, was described by W.K. Parker (1869) as the 
"lingulae sphenoidales". Suschkin (1899) proposes the name" processus basitra
becularis" for this process from the posterior end of the trabecula to the basal 
plate in Tinnunculus. Sonies (1907) proposed the name "infrapolar process" 
as he could establish its development from the polar cartilage (Suschkin did 
not observe polar cartilages). Lutz (1942) retains the term processus basitrabecu
laris and also describes a processus basipterygoideus projecting ventrolaterally 
from the processus basitrabecularis in Dromaius. Brock (1937), de Beer (1937), 
Crompton (1953) and Frank (1954) describe the processus basipterygoideus 
as a processus basitrabecularis. 

An infrapolar process has been described in a number of birds: Passer (Son
ies 1907; de Beer 1937), Anas (Sonies 1907; de Beer and Barrington 1934), 
Struthio (Brock 1937; Frank 1954), Turdus (Slaby 1951 b), Rhea (Muller 1961), 
Strix (May 1961) and Melopsittacus (de Kock 1987). 

4.2.2 The Intertrabecula 

The problem of the presence of an intertrabecula in birds has been discussed 
by Bellairs (1958), Muller (1961), May (1961), Toerien (1971), Goldschmid 
(1972) and de Kock (1987). 

In his classic study of the development of the skull of Gallus in On the 
structure and development of the skull of the common fowl (Gallus domesticus) 
(1869) and of additional stages in "On the structure and development of the 
bird's skull (Part II)" (1876) W.K. Parker does not describe an intertrabecula 
and the illustrations do not show a separate element in this vicinity. 

W.K. Parker first uses the term interlrabecula in 1880 for a cartilaginous 
rod lying between the cartilaginous trabeculae in Chelone, stretching from the 
hypophysis anteriorly to project beyond the anterior ends of the trabeculae 
as a prenasal process. In 1883, in a paper on Crocodilia, he describes the ventral
ly curved, anterior part of the intertrabecula of an embryo of the alligator 
as a prenasal process, and further refers the reader to an illustration showing 
the curved prenasal process in his description of the skull of the common fowl 
(1869, Plate 81), implying hereby that an intertrabecula also occurs in Gallus. 
He further states in the summary that the intertrabecula "is seldom absent 
(as in Ophidia), but in all forms that have a projecting snout this bar, rod, 
or plate forms the axis of such foregrowth of the skull" (W.K. Parker 1883, 
p 300). 
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In "On the morphology of the Gallinaceae" W.K. Parker (1890) briefly 
refers to the conditions in the prochordal tract in a chick after 1 week's incuba
tion as being "made up of three 'trabeculae', the posterior paired bars and 
the anterior azygous rod or 'intertrabeculae' which ends in front as the prenasal 
rostrum" (p 215) and he labels the prenasal process in an illustration (Plate 22) 
of the skeleton of this embryo as the intertrabecula. 

W.K. Parker (1869, 1876, 1890), describing relatively late stages in Gallus, 
did not see the intertrabecula as a separate element and it is clear, as already 
stated by Suschkin (1899), that his change of opinion about the presence of 
an intertrabecula in Gallus is not based on observations, but is an assumption 
based on conditions in Chelone and Crocodilia. 

The first record of a separate intertrabecula in birds is the description and 
illustration of a separate mesenchymatous element between the anterior parts 
of the trabecula in Tinnunculus (Suschkin 1899). It develops later than the trabe
culae and its independence was observed over several developmental stages. 

De Beer (1937), however, considers it doubtful whether this structure in 
Tinnunculus is to be regarded as a distinct element. He produces Suschkin's 
(1899) original drawing showing the mass of mesenchymatous material between 
the trabeculae which Suschkin (1899) labelled the intertrabecula but did not 
annotate. [Compare Suschkin (1899, Table 1, Fig. 6) and de Beer (1937, 
Plate 100, Fig. 1).] 

Sonies (1907) describes connective tissue between the medial edges of the 
separate cartilaginous trabeculae in Gallus and Anas but does not regard this 
as the anlage of a cartilaginous intertrabecula, as the process of chondrification 
by which the trabeculae fuse spreads from their medial edges into this intervening 
tissue. Sonies (1907) also points out that it is not clear from Suschkin's (1899) 
description whether he ever regarded the intertrabecula as a cartilaginous ele
ment that developed completely separately. 

In a study of the development of the interorbital septum in Sauropsida, 
Bellairs (1958) investigated the role of an intertrabecula in the formation of 
this structure. The nasal and interorbital septa in Gallus first make their appear
ance at about 5 days' incubation as a condensation of mesenchyme stretching 
forward from between the nasal sacs and continued dorsally with the mesenchy
matous anlage of the anterior part of the orbital cartilage. The base of the 
nasal and interorbital septum he labels" intertrabecula" (his Fig. 1 A, B). The 
trabeculae are illustrated as two bars (mesenchymatous: according to the descrip
tion) on the lateral sides of the posterior half of the intertrabecula. 

The mesenchymatous trabeculae and the intervening intertrabecula are thus 
contiguous from the start, but Bellairs (1958) is of the opinion that the differ
ences in appearance are sufficient to warrant the use of the term "intertrabecu
la" . 

In the present study the anlage of the interorbital septum makes its first 
appearance in a 5-day embryo as the procartilaginous azygous anterior part 
of the trabeculo-polar bars. Its dorsolateral edges extend dorsally beneath the 
anterior part of the brain as the procartilaginous anterior part of the orbital 
cartilage. In front of the level of the attachment of the inferior oblique eye 
muscle it passes over into the anlage of the base of the future nasal septum 
in the form of a wedge-shaped mesenchymatous ridge on the ventral surface 
of the ethmoid plate. These structures appear suddenly during development 
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and there is no indication whatsoever that the azygous anterior part of the 
trabeculopolar bars, the trabecula communis, is ever paired, either as a procarti
laginous or cartilaginous element as in Tinnunculus (Suschkin t 899), Gallus (So
nies t 907), Anas (Sonies t 907; de Beer and Barrington t 934), Spheniscus 
(Crompton 1953), Struthio (Frank 1954), Euplectes (Engelbrecht 1958), Fulica 
(Macke 1969) and Colius (Goldschmid 1972). 

In the first stage, is there not only no indication of the possible paired 
nature of the trabecula communis but also no trace of an intervening element. 
The situation in the prechordal region of the first stage in Gallus is thus that 
the posterior elements, the polar cartilages, show the highest concentration of 
intercellular deposit and are clearly demarcated from surrounding mesenchyme. 
In the trabecular region there is a gradual decrease in intercellular deposit until 
the stage is reached anteriorly in the future nasal septum which consists of 
mesenchyme only, the demarcation from surrounding mesenchyme being less 
pronounced. 

Subsequently, intercellular deposit progresses anteriorly from the trabeculae 
bordering the fenestra hypophyseos into the lateral regions of the previously 
procartilaginous trabecula communis. The result is that what was previously 
a single procartilaginous bar now appears as two cartilaginous bars with a 
procartilaginous keel wedged between them. This procartilaginous keel has been 
regarded as a separate element, the intertrabecula, by some authors but its 
histological distinctness in older embryos is merely the result of a slower process 
of intercellular deposit in this area. 

The interorbital and nasal septa develop as dorsal upgrowths of this procarti
laginous anterior region of the trabecula communis and histologically lag behind 
the trabeculopolar bar. This difference in the degree of chondrification, especial
ly in older stages, between the base of the interorbital septum, the septum 
itself, and the anterior parts of the orbital cartilages has led various authors 
to regard the younger cartilage in the middle of the trabecula communis and 
continuous dorsally with the developing interorbital septum as a separate ele
ment, the intertrabecula, when in fact they did not observe its development 
as a separate element. The interorbital septum thus develops as an upgrowth 
of this less differentiated, medial part of the trabecula communis and not from 
a separate anlage. Anteriorly, this medial part is continued between the nasal 
sacs as the nasal septum and in front of the nasal sacs as the prenasal process. 

In the avian chondrocranium it appears that a separate procartilaginous 
or cartilaginous intertrabecula has never been observed and is only identified 
in older stages as a region of the trabecula communis containing less intercellular 
deposit. 

From W.K. Parker's (1880, 1883) descriptions of the development of the 
green turtle and the alligator, where an intertrabecula was originally identified 
as one of the elements of the chondrocranium, the impression is gained that 
an intertrabecula is only identified after chondrification. When first observed 
it is tightly squeezed between the cartilaginous trabeculae and no evidence is 
presented of a separate anlage. 
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4.2.3 The Nasal Capsule 

Except for the planum antorbitale and the paranasal cartilage, which in a few 
birds develop as separate anlagen, all parts of the nasal capsule appear to 
develop in continuity and the process of chondrification spreads out from the 
base of the nasal septum. After the development of the nasal septum the appear
ance of all elements of the nasal capsule is rather rapid. However, as in all 
avian chondrocrania, differentiation and chondrification in the nasal region 
is slower than in other areas. Resorption already takes place in the orbital 
region, while chondrification still takes place in the nasal region and extensive 
ossification is in progress in all other areas while certain structures in the nasal 
capsule are still developing. 

Except for the resorption in the vicinity of the fenestra craniofacialis to 
form the craniofacial notch no notable resorption, namely that of the prenasal 
process and base of the nasal septum, is present and only commences after 
16 days of incubation. 

In the present study the nasal septum appears in the 5-day stage as a wedge
shaped mesenchymatous ridge along the ventral surface of the mesenchymatous 
ethmoid plate which is situated above the posterior region of the developing 
nasal sacs. Growth above this ridge in the 6-day stage forms a procartilaginous 
nasal septum which carries the ethmoid plate upwards and changes the previous
ly concave dorsal surface into a convex shape. In the anterior region of the 
nasal sacs this convex ethmoid plate forms the procartilaginous roof which 
passes over gradually into the mesenchymatous sidewalls. The dorsolateral 
corner of the roof of the anterior part is extended posteriorly as a mesenchyma
tous sidewall outside the posterior region of the nasal sac. 

As the posterior end of the planum antorbitale, which forms the posterior 
wall of the nasal capsule in older stages, is situated immediately in front of 
the attachment of the inferior oblique eye muscle to the nasal septum, this 
point indicates the orbitonasal boundary. 

In the 5-day stage the part of the trabecula communis in front of this attach
ment forms an extensive and transitory floor for the posterior nasal region 
as a mesenchymatous ventrolaterally directed plate which is reduced in the 
6-day stage to a procartilaginous ridge on either side of the base of the posterior 
part of the nasal capsule. This ridge is continued posteriorly for the length 
of the orbit as the pointed ventrolateral corners of the base of the interorbital 
septum and is retained up to the 9-day stage as the darker-stained perichondrium 
on the lateral sides of the base of the interorbital septum. The ridge along 
the lateral sides of the posterior part of the nasal septum is retained as the 
pointed lateral sides of the base of the nasal septum up to the 11-day stage. 

In the 8-day stage the procartilaginous ethmoid plate above the anterior 
part of the nasal sac has extended posteriorly above the posterior part of the 
nasal sac as the parietotectal cartilage. The down bent sidewall of the posterior 
part of the nasal capsule has chondrified and is pushed inwards to form the 
concha nasalis, which is thus not formed from a separate paranasal anlage 
as in Gallus and Sturnus (Sonies 1907), Anas (de Beer and Barrington 1934), 
Caprimulgus and possibly Struthio (Frank 1954), Fulica (Macke 1969) and Podi
ceps (Toerien 1971). If a separate paranasal cartilage does exist in Gallus, as 
Sonies (1907) maintains, it must be for a very short period. 
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The wall of the concha nasalis, when first observed at an 8-day stage, is 
continuous with the parietotectal and the pro cartilaginous planum antorbitale 
is fused to the ventrolateral edge of the concha nasalis. The planum antorbitale 
develops in continuity with the parietotectal in agreement with the findings 
of Parker and Bettany (1877) and Sonies (1907) for Gallus. A separate anlage 
for the planum antorbitale was described in Anas (de Beer and Barrington 
1934), Phalacrocorax (Slaby 1951 a), Euplectes (Engelbrecht 1958) and Colius 
(Goldschmid 1972). The turbinals also make their appearance at 8 days' develop
ment as mesenchymatous ridges of the roof and sidewall of the nasal capsule 
with chondrification of the elements spreading gradually from the nasal septum 
towards the ends of the scrolls. 

A cupola anterior forms in the 14-day stage and its floor is continued poste
riorly as an incomplete floor for the anterior part of the nasal capsule as far 
as the posterior end of the atrioturbinal. The floor consists of a slender medial 
bar along the lateral side of the base of the nasal septum and a broader lateral 
region formed by the ventral infolding of the paries nasi below the nasal sac. 

At 16 days the prenasal process shows signs of hypertrophy of the chondro
cytes and at 18 days it is almost totally resorbed except for a small anterior 
portion. The base of the nasal and interorbital septa also shows signs of resorp
tion in front and behind the craniofacial notch. 

By the 11-day stage part of the ramus medialis nasi is enclosed in two 
short canals. At the anterior end of the fenestra craniofacialis it is enclosed 
in the posterior canal, bordered dorsally by the tectum nasi, and medially by 
the nasal septum with the lateral wall being attached to the tectum nasi above 
and the nasal septum below. 

The anterior canal is situated at the posterior end of the atrioturbinal where 
its anterior end forms a synovial joint with the posterior end of the atrioturbinal. 
The roof of the anterior canal develops as a ventrolaterally directed process 
from the nasal septum just above the base of the septum. 

The process of the nasal septum forming the roof of the anterior canal 
has been labelled a nerve-bridge by W.K. Parker (1869) in Gallus, a ridge of 
cartilage which covers the ramus medialis nasi by de Beer and Barrington (1934) 
in Anas, and protuberances of the septum nasi by May (1961) in Strix. W.K. 
Parker and Bettany (1877) describe the attachment of the posterior end of 
the atrioturbinal in Gallus to the nasal septum via a process of the latter. Swart 
(1946) also describes similar structures in Anas as posterior processes. Schoonees 
(1963) describes the ramus medialis nasi as emerging anteriorly from beneath 
the ventrolaterally directed process in Colius. Goldschmid (1972) also describes 
and illustrates the attachment of the posterior end of the atrioturbinal to the 
nasal septum in Colius. 

Swart (1946) suggests that the posterior process of Anas is homologous 
with paraseptal I of Crypturellus (de Villiers 1946). He bases his argument on 
the view that both these structures originate from the ventral edge of the nasal 
septum, but the part of the trabecula beneath these processes in Anas is not, 
as he believed, a posterior prolongation of the prenasal process. 
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4.3 The Visceral Arches 

Meckel's cartilage and the quadrate develop from one anlage and it is only 
from the 8-day stage that a synovial cavity starts to develop between the lower 
end of the quadrate and the posterior end of Meckel's cartilage. The first part 
of the quadrate to develop is the processus orbitalis which later forms a transit
ory, mesenchymatous connection with the polar cartilage. De Beer and Bar
rington (1934) found a procartilaginous connection between the quadrate and 
polar cartilage in Anas and consider it a remnant of the articulation between 
the neurocranium and the mandibular arch. Similar transitory connections have 
been described in Columba (Filatoff 1906) and in Euplectes (Engelbrecht 1958). 
The processus oticus develops after the processus orbitalis. The medial head 
of the processus oticus articulates with the otic capsule while the lateral head 
articulates with the squamosal and the ventral surface of the orbitocapsular 
commissure. The relations of the otic process to adjacent structures have been 
fully discussed under the orbitocapsular commissure and otic process 
(Sect. 4.1.4). 

The first part of Meckel's cartilage to develop is the processus retroarticula
ris. De Beer and Barrington (1934) and Slaby (1951 a) describe two centres 
of chondrification in Meckel's cartilage in Anas and Phalacrocorax respectively, 
but in Gallus, Meckel's cartilage develops as a single structure. 

Smit and Frank (1979) state that the information obtained from embryos 
of Spheniscus demersus, Acridotheres tristis, Geopelia cuneata, and Gallus domes
ticus suggests that the stapes is part of the infrapharyngohyal while the supra
and infrapharyngohyal together with the epihyal and the secondary laterohyal 
form the processus extracolumellaris. Crompton (1953) also describes the hyoid 
arch of Spheniscus demersus as consisting of four blastemic anlagen. 

These four hypothetical divisions are not apparent in the present investiga
tion. Reconstruction of the developing columella auris is extremely difficult 
on account of its small size in comparison with adjacent structures that are 
used as reference points in making the reconstruction, and also because of 
the poorly defined outline of the mesenchymatous anlage which results in varia
tions in the size of the drawings prepared for reconstruction. The combination 
of these difficulties results in an irregularly shaped reconstruction with portions 
of varying diameter. The thicker portions, which could be mere artefacts caused 
by reconstruction methods, have been interpreted as homologous with the ele
ments of the piscine branchial arch. The first indication of the hyoid arch 
appears as two separate and poorly defined condensations of mesenchyme ven
tral to the anlage of the otic capsule. In the 8-day embryo the dorsal anlage 
gives rise to a well-chondrified, medially situated stapedial part and a slightly 
lesser chondrified, lateral extracolumellar part. The latter bears a short processus 
supracolumellaris and a longer processus extracolumellaris. At the 16-day stage 
Huxley's foramen appears in the solid base of the processus supracolumellaris. 

The development of the footplate of the stapes indicates a purely visceral 
origin for this structure in Gallus and is in accordance with the findings of 
Sonies (1907), Lutz (1942), and Smit and Frank (1979). The fenestra ovalis 
develops through resorption of the chondrified wall of the otic capsule in the 
region opposite the intruding footplate of the stapes and is not a remnant 
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of the cartilage-free area between the cartilaginous anlagen of the otic capsule, 
as Sonies (1907) described. 

The anlage of the copula appears as a single condensation of mesenchyme 
with the anlage of the first branchial arch passing posteriorly outwards. At 
8 days' development copula 1 and 2 chondrify from the single anlage and the 
branchial arch is divided into an anterior ceratobranchial and a posterior epi
branchial. A synovial cavity forms between the copulae and the anterior end 
of the ceratobranchial at the 16-day stage. At the 8-day stage the paired anlagen 
of the paraglossal cartilage appear at the anterodorsal end of copula 1 as two 
parallel mesenchymatous rods, diverging posteriorly. At the ll-day stage the 
paraglossal cartilages fuse along the midline leaving an elongated opening just 
anterior to the posterior connection. 
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5 Summary 

An account of six stages of the development of the chondrocranium up to 
the beginning of ossification is given. The tip of the chorda does not pierce 
the anterior surface of the acrochordal in the early stages and the fenestra 
basicranialis posterior develops through resorption of the basal plate. 

The posterior part of the orbital cartilage develops a laterally situated orbito
capsular commissure and a medially situated pila antotica spuria. The pila anto
tica is resorbed leaving the posterior orbital cartilage connected to the basal 
plate only by the pila antotica spuria. 

In the earliest stage the cochlear portion of the otic capsule is fused to 
the basal plate, but can be distinguished from the basal plate and the canalicular 
portion. The tectum synoticum is attached to the otic capsule by two roots 
with the ventral attachment spreading over the lateral surface of the pila occipi
talis. 

The trabecula communis forms without the intervention of an intertrabecula. 
The interorbital and nasal septa develop from the trabecula communis. An 
ethmoid plate forms the roof of the nasal capsule and the rest of the capsule 
develops as outgrowths from the roof. A transitory floor for the posterior part 
of the nasal capsule is present in the young stages and an incomplete floor 
for the anterior part develops late during the ontogeny. 
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