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Figures
Fig. 2 Photographs showing the dorsal aspect of the syrinx in the domestic fowl.
Fig. 3 Photographs showing the ventral aspect of the syrinx in the domestic fowl.
Fig.4

Photographs of a yellow vented bulbul and a golden- backed weaver bird.

Fig.5

Photomicrograph showing a longitudinal section of the syrinx belonging to a male

domestic fowl.
Fig.6

Photomicrograph showing a longitudinal section of the syrinx belonging to a female

domestic fowl.
Fig.7

A photomicrograph showing a longitudinal section of the syrinx of the thrush

nightingale.
Fig.8

A photomicrograph showing a longitudinal section of the syrinx of the weaver bird.

Fig.9

Schematic drawing of the syrinx of a male domestic fowl (Gallus gallus variant

domesticus).
Fig.10 Photomicrograph of a longitudinal section of the trachea of the domestic fowl
Fig. 11 Photomicrograph of a longitudinal section of the tympanum of the domestic fowl
Fig.12 Photomicrograph of a longitudinal section of the cartilaginous lateral tympaniform
membrane
Fig.13 Photomicrograph of a longitudinal section of the membranous lateral tympaniform
membrane.
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Fig.14 Photomicrograph of a longitudinal section of the area around the bronchosyringeal
cartilages.
Fig.15 Photomicrograph of a longitudinal section of the medial tympaniform membrane.
Fig. 16ai Schematic drawing of the syrinx of a male Bulbul bird (Pyconidae passeriforms).
Longitudinal coronal section.
Fig.16 - 19 Photomicrographs of a longitudinal sections of the syringes of a male bulbul, weaver
bird and the thrush nightingale.
Fig.E1 – E4 Electron micrographs of sections showing the luminal epithelium of the medial and
lateral tympaniform membranes of the domestic fowl.
Fig.E5 – E6 Electron micrographs of sections showing the luminal tunical propria and
submucosa of the medial tympaniform membranes of the domestic fowl.
Fig.E7 – E11 Electron micrographs of sections showing the luminal tunical propria and
submucosa of the lateral tympaniform membranes of the domestic fowl.
Fig.E12 Electron micrographs of sections showing the luminal tunical propria and submucosa of
the medial and lateral tympaniform membranes of the domestic fowl.
Fig.E13 – E15 Electron micrographs of sections showing the inter - cartilaginous connection of
the medial and lateral tympaniform membranes of the domestic fowl.
Fig.E16 – E19 Electron micrographs of sections showing the inter- cartilaginous connection of
the lateral tympaniform membranes of the domestic fowl.

7

Fig.E20 Electron micrographs of sections showing the serosal tunica propria of the lateral
tympaniform membranes of the domestic fowl.
Fig.E21 – E24 Electron micrographs of sections showing the serosal tunica propria of the
medial tympaniform membranes of the domestic fowl.
Fig.E25 – E26 Electron micrographs of sections showing the serosal epithelium of the medial
tympaniform membranes of the domestic fowl.
Fig.E27 – E35 Electron micrographs of sections showing the luminal and serosal epithelium of
the medial tympaniform membranes of the male bulbul.
Fig.E36 – E38 Electron micrographs of sections showing the connective tissue sheet of the
medial tympaniform membranes of the male bulbul.
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SUMMARY
This study addresses itself to the microscopic organization of the connective tissue
system of the syrinx with respect to the specialized functions during avian vocalization .Light
microscopy has revealed that the cranial and caudal ends of the syrinx in the domestic fowl
consists of an expanded submucosa .The cranial and caudal ends of the intercartilagenous
connection in the lateral tympaniform membranes were characterized by the high content of
elastic tissues. In contrast with the other parts of the trachea and bronchi, the luminal epithelium
of the syrinx had a compact stratified squamous appearance punctuated by a few epithelial pegs.
Electron microscopic revealed that the luminal epithelium in the tympaniform
membranes of the domestic fowl and passerine bird consisted of numerous microvilli and various
junctional complexes. The luminal tunica propria in the domestic fowl was characterized largely
by mature elastic fibres, whereas the submucosa consisted of mainly microfibrils, immature
elastic fibers and occasional blood vessels. The serosa was predominantly collagenous. The
intercartilagenous connection, in the domestic fowl consisted of numerous fibroblast, collagen
fibres and a few elastic fibres.
It is suggested here that, during avian vocalization, the membrane tension is determined
by the amount and distribution of the fibroblasts, the collagen and elastic fibers. The presence of
epithelial pegs, the various junctional complexes found in the luminal epithelium, the elastic
fibres encountered at different stages of maturation, in the luminal tunica propria and the
submucosa in the membrane may play a role in the accommodation of the vibrational and
shearing stresses likely to be generated during avian vocalization . These forces are then
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transmitted to the intercartilagenous connection, which in turn conveys these stresses to the
stronger, rigid cartilaginous frame work and ligaments of the syrinx.
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INTRODUCTION
For proper functioning the larynx conveniently constitutes part of the lower respiratory
tract .In mammals the larynx is situated at rostral end of the trachea (Ganong, 1985). In birds,
however, another structure has been identified in this system, which may serve a similar
function. Indeed, the syrinx, found at the bifurcation of the trachea, has been implicated (Garrod,
1873: Myers, 1917).
The syrinx , in its being unique to be birds (Greenwalt, 1969) , has been considered to be
a valuable tool for systematic analysis and as a result, has been subjected to many anatomical
and physiological studies . Hence, extensive research and views have been done on the
macroscopical and microscopical organization of this structure (Garrod, 1873, 1877a, b; Forbes,
1880a, b, Myers, 1917; Ames, 1971; 1972a, b; King and Mclelland, 1984; King 1989).
The syrinx comprises of a cartilagenous framework derived from the tracheal and
bronchial cartilages, flexible membranes stretched between the cartilages and muscular
components attached to other thoracic structures and / or other which span the intercartilagenous
space (Brackenbury, 1989). The syringeal location may either be tracheal , bronchial or
tracheobronchial depending on where the cartilaginous components are derived from either the
trachea ,the primary bronchi or both (Myers, 1987; Ames , 1971; King and Mclelland . 1984 ;
King ,1989 )
The functional significance of the syrinx has long been subject to controversy but
currently a general agreement is that , in its structure ,it is axiomatic in the biophysics of avian
vacuolization (Walsh and Mclelland, 1974; King and Mclelland ,1984 ;King , 1989;
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Brackenbury, 1989). It is thought that , the membranous components are capable of vibrating
with varied air flow and the muscular components contributing in altering the tension in the
membrane ,in the process of sound production in birds (Gross , 1964,b; Chamberlian et al, 1968;
Ames, 1971; Warner, 1971 ; Gaunt et al, 1973; 1976 ; King, 1989 ; Brackenbury,1989).
Even though extensive work as been done on then syringeal structure in the domestic fowl
and passerine birds (see review by King, 1989), detailed studies are however, lacking. Scanty
information is available for example on the ultrastructural features of the membranous element,
stretched between the cartilages, referred to as tympaniform membranes (Walsh and Mclelland
1974b). This study aims to carry out a detailed microscopical analysis of the syrinx of the
domestic fowl and selected passerine birds, in particular, it is the objective of this study to
elucidate the connective tissue organization and ultrastructural features of the membranous
structures and correlate these to the functional role they have been thought to play.
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MATERIALS AND METHODS
Materials used in this study were obtained from the tracheobronchial junction of fifteen
domestic fowl (Gallus variant domesticus) (Fig. 1) and five passerine birds. These were five
adult cockerels, ten adult hens, five chicks, two adult male bubul birds, six thrush nightingales, a
female and two male weaver birds.
The birds were anesthetized with chloroform. Materials for light microscopy were
dissected out and immersed immediately in the 10% formal- saline for a week .They were
thereafter decalcified in a mixture of 35% sodium citrate solution and 65% formic acid for three
weeks with one change after ten days .The specimen were then processed for paraplast ,
embedding and sectioning at 7Nm. These sections were stained with Masson‟s Trichrome,
Haemotoxylin and Eosin stains for demonstration of cartilage, collagen and cellular elements.
These stains were combined with Weigert‟s resorcin fuchsin and Van Gieson‟s methods for
demonstration of the elastic fibres.
A bubul and a cockerel were selected for electron microscopy study. The tracheas were
cannulated and the syrinx fixed by intratracheal installation with 2.3% glutaraldehyde buffered
with phosphate at a pressure head of 23cm water. When the fixative stopped flowing the trachea
was ligated. Six hours the sternum was removed after costal resection and the syrinx carefully
dissected out .It was then post-fixed with osmium tetroxide and processed for araldite
embedding. Semithin section 1-2Nm were cut with an LKB ultramicrotom and stained with
Toluidine blue for light microscopy orientation.60-80mm thin section were cut, collected on 400
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mesh copper grids and double stained with uranyl acetate for thirty minutes and lead citrate for
5-8 minutes and viewed in Carl Zeiss 952Z electron microscope.

Fig. 1 Photograph of a female domestic fowl (Gallus gallus domesticus).
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RESULTS
Gross anatomical results
The syrinx is generally composed of variably ossified cartilages and vibrating soft
structures .The trachea in the midline, passes to the right side of the neck and then returns to the
midline to enter the thoracic inlet. At the caudal end of the trachea several of the last (most
caudal) tracheal rings are usually modified into the trachea syringeal cartilages .Typically, these
are ossified and combined into a more or less rigid box, the tympanum. In the domestic fowl, the
tympanum has a slightly increased dorso-ventral diameter (fig. 2, 3).
The basis for the divided part of the syrinx is formed by the broncho-syringeal cartilages.
Unlike the tracheal cartilages which are complete, the brochial syringeal cartilages are usually
paired, incomplete and c-shaped. These broncho-syringeal cartilages give way to the extrapulmonary primary bronchial cartilages. The bronchi pass diagonally, dorsally and rostrally from
the syrinx. They then enter substance of the lungs on the medial edge of the ventral surface just
cranial to the mid-point of the length of the lung.
In the domestic fowl, the lateral tympaniform membrane occupies the relatively wide
(lateral) area between the tympanum and the first bronchosyringeal cartilage (fig, 2, 3). It is the
inward curve of this membrane that gives the syrinx of the domestic fowl its characteristic
constricted appearance, caudal to the lateral tympaniform membrane, the bronchosyringeal
cartilages and the true bronchial half rings are joined to each other by a series of thin flexible
interannula membranes.
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Fig. 2 Photographs showing the dorsal aspect of the syrinx in the ( A) male and (B) female
domestic fowl. Note the prominent prolongations of the sternotrachealis muscle (open arrows) in
the male. Medial bronchial ligament (long arrows).
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Fig. 3 Photographs showing the ventral aspect of the syrinx in the (A) male and (B) female
domestic fowl. Note the more circular inter-bronchial foramen in the female (arrows). Interbronchial ligament (open arrows): Pessulus (arrow heads).
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The passerineform species have no comparable thin drum-like sheet like that seen in the lateral
wall of the domestic fowl. Instead, like the domestic fowl these species have a medial
tympaniform membrane that extends from the caudal border of the pessulus to the interbronchial ligament or the bronchidesmus. The medial tympaniform membranes are supported
between the free ends of the C-shaped bronchosyringeal cartilages. Therefore, the cranial border
of the left and right medial tympaniform membranes is typically separated from each other in
midline by their attachment to the pessulus. The two medial tympaniform membranes, the
pessulus and the bronchidesmus enclose an area called the sub-pessuluar space (inter-bronchial
foramen). This space contains a prolongation of the clavicular air sac (fig 2.3). In additional to
the sternotrachealis, the passerine birds have powerful intrinsic syringeal muscles (fig. 4),
running from one syringeal ring to another to regulate the tension in the medial tympanifrom
membranes and to control the configuration of the airway. In contrast, the domestic fowl has no
intrinsic syringeal muscles. Instead, the extrinsic paired sternotrachealis (fig. 2, 3) with its caudal
prolongation constitute the entire musculature of the syrinx (Myers, 1917).
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Fig.4

Photographs of a yellow vented bulbul (family- pycononotidae)(A) and a golden- backed

weaver bird (ploceus jacksoni) (B). in (C), note the small sternotrachealis (arrow head) and the
well developed intrinsic syringeal muscles (arrow).
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Schematic drawings were made where the various cartilages were designated appropriately (fig.
9, 16aii). In addition, photomacrographs were taken in order to display and contrast the syrinxes
observe in different birds (Fig .5, 6, 7, 8).

Fig.5

Photomicrograph showing a longitudinal section of the syrinx belonging to a male fowl.

Tracheal lumen (T); Broncial lumen(B); Sternotrachealis muscle(ST).
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Fig.6

Photomicrograph showing a longitudinal section of the syrinx belonging to a female

domestic fowl. Tracheal lumen (T); Bronchial lumen (B); Sternotrachealis muscle (ST).
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Fig.7

A photomicrograph showing a longitudinal section of the syrinx of the thrush

nightingale. Oesophegus (O); Tracheal lumen (T); Bronchial lumen (B); Syringeal muscles (S).
H.E.
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Fig.8

A photomicrograph showing a longitudinal section of the syrinx of the weaver bird.

Tracheal lumen; Bronchial lumen (B); Syringeal muscle (S).H.E.
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Fig.9

Schematic drawing of the syrinx of a male domestic fowl (Gallus gallus variant

domesticus). Longitudinal coronal section. The lateral tympaniform membrane (LTM) is
unusually extensive; the most caudial four of the twelve tracheaoosyringeal cartilages (TRS) are
thin and embedded in the membrane. The tympanum (TYM) is formed from the eight most
cranial tracheosyringeal cartilages. BRS- bronchosyringeal cartilages; p-pessulus; TR-Tracheal
cartilages; SER-serosa; SUB-submucosa; LTP-luminal tunica propria; LE-luminal epithelium;
IC-intercartilaginous connection; MTM-medial tympaniform membrane.
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Light microscopic findings
Syrinx of the domestic fowl
I Trachea
In the domestic fowl, the trachea rings, the tympanum and the pessulus are generally
osseous. In the unperfused syrinx, the trachea appears to consist of flattened overlapping rings.
In a longitudinal section, these rings appear spindle –shaped and have thin elastic
interconnections. The sternotrachealis muscle and the tracheolateralis muscle appear to attach
through the serosal tunica propria to the tracheal rings by way of elastic connections (Fig. 10b, d,
e). Embedded within the muscles are numerous blood vessels (Fig .10e).
However, all the rings of the trachea do not appear completely ossified (Fig. 10a, b, d).
Each trachea ring contained a thin peripheral rim of hyaline cartilage. Surrounding this rim of
cartilage is a cuff of elastic fibres which seemed to have a preferred transverse orientation (Fig.
10d). The ossified portion of the trachea ring consist of a compact bone with a central medullary
cavity (Fig. 10b)
The trachea lumen is lined by a stratified ciliated columnar epithelium containing numerous
simple alveolar glands (Fig. 10a, b, c). The luminal tunica propria consists of an admixture of
collagen and longitudinal elastic fibres. The submucosa is thin and is characterized by a loose
network of fine collagen and elastic fibres (Fig .10b,d ).
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Fig.10a Photomicrograph of a longitudinal section of the tracheal cranial to the syrinx. The
epithelium has a ciliated columnar appearance containing numerous simple alveolar glands
(a).Note the overlapping ossified spindle-shaped tracheal rings containing a peripheral rim of
cartilage (arrows). Haematoxylin-Eosin stain.

MAGN. 10x4.

Fig.10b Photomicrograph of a longitudinal section of the trachea illustrating the osseous
overlapping tracheal rings containing a peripheral rim of cartilage ©. Note also the cuff of elastic
fibres (arrows) surrounding the tracheal ring. Weigert van Gieson stain.
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MAGN.

10x4.

Fig.10c

Photomicrograph of a high power of (fig,10a) illustrating the cilia on the epithelium

(arrows). Note the medullary centre (m) in the ossified tracheal ring. HE.stain.

Fig.10d

MAGN. 40x4:

Photomicrograph of a high power of Fig.10b showing the longitudinal elastic fibres

(arrows) in the tunica propria. Some of these fibres (arrowheads) appear to permeate and insert
within the epithelium. Note the thin submucosa (s) and the cuff of transverse elastic fibres (e)
around the tracheal ring.
Weigert van Gieson stain.

MAGN.
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25x4.

Fig.10e

Photomicrograph of a longitudinal section showing the junction between

tracheosyringeal rings and the tracheal rings. In contrast to the overlapping spindle-shaped rings
of the trachea (T13,T14, T15), the tracheosyringeal cartilages (T10, T11, T12) on the left are
cuboidal in shape and closely apposed to one another end on. Note the attachment of the
sternotrachealis muscle (sm) at the serosal tunica propria through elastic connections (arrows).
Weigert van Gieson stain.

MAGN. 4x4.
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II

Tympanum
The tracheosyringeal cartilages forming the tympanum have been labeled from T5 to T12 as

in Fig. 6. T12 being the most rostral tracheosyringeal cartilage. In contrast to the trachea, the
tympanum consists of a cylinder formed by the close apposition or fusion of several complete
thick cuboidal shaped tracheal rings. The tympanum is the cranial most and principal component
of the median part of the syrinx. Most of the tracheosyringeal cartilages in the tympanum consist
of compact bone surrounded by a cuff of transverse elastic fibres. The caudal end of the
tympanum provides the cranial attachment of the lateral tympaniform membrane in the domestic
fowl.
The luminal epithelium of the cranial portion corresponds with that of the trachea in that it
consists of a ciliated stratified columnar epithelium with numerous alveolar glands (Fig . 11a ).
Though larger than that of the trachea, the submucosa is still relatively thin and consists of a
loose network of collagen and elastic fibres. An occasional blood vessel can be seen in the
submucosa of this portion (Fig. 11b, c).

In addition, the luminal tunica propria is characterized

predominantly by longitudinal elastic fibres (Fig. 11b, c).
The histomorphology of the tympanum departs markedly from that of the cranial portion.
The cranial portion is characterized by 3 transition zones. First , the epithelium changes abruptly
, in the region T 7 to T 8 .From a ciliated , stratified columnar variety to a compact , stratified
squamous variety with no alveolar glands (Fig . 11d , e, f ). To be precise, the latter epithelium
is further characterized by epithelial ridges and pegs (Fig. 11e, f, g). Secondly, the elastic fibres
in the luminal tunica propria change their orientation from longitudinal to run obliquely and
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merge with those of the submucosa. In conjunction with collagen fibres, these fibres form a
loose network of connective tissue fibres (Fig .11b ). Lastly, this portion is characterized by an
abrupt expansion of the submucosa . This expansion ,which is preceded by a thinning around
the region of T 6 to T 7 , is maximal at the point of attachment of the lateral tympaniform
membrane (Fig. 11d , i ) Embedded in the loose network of connective tissue fibres in the
submucosa are numerous blood vessels (Fig . 11i ) .

Fig. 11a

(T8- T12). Photomicrograph of a longitudinal section of the cranial end of the

tympanum. The epithelium (E) still resembles that of the trachea.Weigert van Gieson stain.
MAGN. 4x4.
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Fig.11b

Photomicrograph of a high power of fig. 11a at the region T7-T8, illustrasting the

longitudinal alignment of the elastic fibres (arrowheads) in the luminal tunica propria. The
closely apposed cuboidal shape ossified tracheosyringeal cartilage have a medullary cavity (m).
Note the cuff of transverse elastic fibres (e) surrounding the cartilages. Weigert van Gieson stain.
MAGN. 10x4.

Fig.11c

Photomicrograph of a high power of fig.11b at the region T7-T8, showing the blood

vessel (arrow) embedded in the submucosa.

Weigert van Gieson stain.

4.
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MAGN. 25 X

Fig.11d

(T5-T9).Photomicrograph of a longitudinal section of the caudal end of the

tympanum. Note the gradual change of epithelium (e) and the abrupt (arrow) expansion of the
submucosa (s) caudal to T7. This expansion is largest approximately opposite the cranial end
(arroehead) of the lateral tympaniform membrane (T5). Weigert van Gieson stain. MAGN.4 X 4.

Fig.11e

Photomicrograph of a high power of fig. showing the zone of transition (arrow)of the

epithelium (T6-T7). From glandular ciliated sratified columnar epithelium (E) to a compact
stratified squamous epithelium (e) devoid of simple alveolar glands.
MAGN.10 X 4.
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Weigert van Gieson stain.

Fig.11f

Photomicrograph of a higher power of fig.11e illustrating the zone of transition

(arrow) and the compact stratified squamous epithelium characterized by epithelial ridges and
pegs (arrowheads). (T7)

Fig.11g

Weigert van Gieson stain.

MAGN. 25 X 4.

Photomicrograph of a longitudinal sectional section of the caudial end of the

tympanum showing a compact stratified squamous epithelium (E). This epithelium contrast
sharply to the ciliated stratified columnar epithelium with numerous alveolar glangds seen in the
trachea and the cranial portion of the tympanum.
stain.

MAGN.25 X 4.
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(Refer to fig.10a,c).

Haematoxylin-Eosin

Fig.11h

Photomicrograph of a higher power of fig.11f showing elastic fibres and collagen

from luminal tunica propria (L), merging with those of the submucosa (s) to form a loose
connective tissue network.

Fig. 11i

Weigert van Gieson stain.

MAGN.40X4

Photomicrograph of a high power of fig.11d showing the numerous blood vessels

(arrows) embedded in the expanded submucosa. Note the fine interlacing network of collagen
and elastic fibres in this layer. L-luminal epithelium; I-intercartilaginous connection.
van Gieson stain

MAGN. 10X4.
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Weigert

III

Lateral Tympaniform Membrane
In the domestic fowl, this membrane consists of a cranial and caudial portion. It‟s rostral

attachment to the caudal end of the tympanum (T 5) is via a very thick elastic band (Fig. 12 a, b).
This band consists of elastic fibres which have preferred longitudinal alignment . When
followed caudally , this interconnection shows a preponderant decrease in elastic tissue with a
concomitant increase in collagen fibres (Fig . 12a ). However , at the middle portion of the
membranous lateral tympaniform membrane , this interconnection is characterized by a brief
increase in elastic fibre concentration followed by a gradual diminution distally towards the first
broncho-syringeal cartilage (B 1) (Fig . 13 a, d, g) .The serosa is the thin and apparently
consists of a thin stratified squamous epithelium and a collagenous serosal tunica propria (Fig.
13 b, c, e). With the aid of semi –thin tuluidine blue-stained sections, numerous lymphoid cells
can be demonstrated in the serosal and luminal tunica propria of the (Fig. 12c, d). Blood vessels
can also be observed in the serosal tunica propria of the rostral and caudal portion of the
membranous lateral tympaniform membrane (Fig. 12l, 13h).
In contrast to be caudal portion the cranial portion of the lateral tympaniform membrane
has four thin tracheosyringeal cartilage embedded in its elastic intercartilaginous connection (Fig
.12 a ). These cartilages which increase in size caudally from T4 to T1 appear flattened and
pavement –shaped when stretched out in a longitudinal section. Like the bronchosyringeal
cartilages and some of the tracheosyringeal cartilages of the tympanum, these intermediate rings
seem to be made of some form of hyaline cartilage (Fig, 12b, c, d, g, h, i). This form of hyaline
cartilage generally does not have the characteristic homogenous basophilic matrix seen in the
mammals. It has chondrocystes and fibrillar – like material in the lacunae (Fig. 12c, d, m,).
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In

addition, each cartilage is surrounded by a distinct perichondrium consisting of a double layer of
flattened cells. Surrounding each cartilage to form a cuff, is a layer of elastic fibres with a
predominantly transverse orientation (Fig . 12g ,m ,13b , c ) .Apart from the region around T1
and T2 in the cranial portion , the rest of the luminal epithelium of the lateral tympaniform
membrane contrasts sharply with that of the caudal end of the tympanum. Therefore , while the
area around T1 and T2 is characterized by a compact stratified squamous epithelium with
prominent epithelial pegs , the rest of the lateral tympaniform membrane has a compact stratified
squamous epithelium devoid of distinct epithelial pegs (Fig . 12e ,g , h ,i , j , k, 13 f ) . The
elastic fibre system in the luminal tunica propria of the lateral tympaniform membrane generally
appears to merge with the fibres of the submucosa. This is particularly evident in areas
characterized by epithelial pegs (Fig. 12j, k). However, towards the caudal part of the membrane
lateral tympaniform membrane, the elastic fibres tend to adopt a more longitudinal alignment.
This is more prominent towards the first bronchosyringeal cartilage (B 1) (Fig. 13h).
Generally, the submucosa of the lateral tympaniform membrane diminishes in size
gradually, caudally (Fig. 12a, b, f, 13a). This dimunition is associated with a concomitant
increase in elastic fibres with transverse orientation. This is particularly prominent in the caudal
part of the membranous lateral tympaniform membrane (Fig. 13a, d, g). The expanded
submucosal ends of the lateral tympaniform membrane are characterized by the presence of
numerous blood vessels (Fig, 12b, and 13h).

36

Fig.12a Cartilaginous lateral tympaniform membrane (T1 to T4). Photomicrograph of a
longitudinal section of a cranial portion of the lateral tympaniform membranes demonstrating the
intermediate cartilages embedded in the intercartilaginous connection (IC). Note the craniocaudal decrease in elastic tissue in the intercartilaginous connections between these intermediate
cartilages. Note also that the gradual dimunition in size of the submucosa caudally. CA-caudal;
CR-Cranial.

Fig.12b

Weigert van Gieson stain.

MAGN. 4x4

Photomicrograph of a high power of fig.12a demonstrating the thick elastic band

which provide the cranial attachment of the lateral tympaniform membrane to the tympanum.
Note the embedded cartilage T4 and the well-vascularised expanded submucosa.
Gieson stain.

MAGN.

10x4
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Weigert van

Fig.12c

Photomicrograph of a transverse section at the level of T3,showing numerous

lymphoid cells (arrows) in the luminal and serosal tunica propria. L-Lumen.
stain.

Toluidine blue

MAGN.

25x4.
Fig.12d

Photomicrograph of a higher power of fig.12g showing the numerous lymphoid cells

(arrows) in the serosal tunica propria. Toluidine blue stain.
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MAGN.

100x4.

Fig.12e

Photomicrograph of a high power of fig.12b illustrating the ill-defined border

between the luminal tunica propria (L) and the submucosa (s). Luminal epithelium (E).
Weigert van Gieson stain. MAGN.

Fig.12f

40x4.

Photomicrograph showing a longitudinal section of the membranous lateral

tympaniform membrane . Note the reduced submucosa (s) at the level of T3. Epithelium (e)
Weigert van Gieson stain.

MAGN. 10x4.
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Fig.12g

Photomicrograph showing a high power of fig.12f. Note the cuff of transverse elastic

fibres (arrows). Epithelium (E).

Fig.12h

Weigert van Gieson stain.

MAGN.

40x4.

Photomicrograph showing a longitudinal section through the most caudal

tracheosyringeal cartilages (T2 and T1) of the membranous lateral tympaniform membrane. Note
the diminished content of elastic tissue in the inter-cartilagenous connection (arrows). Epithelial
pegs (arrow heads).

Weigert van Gieson stain .

10x
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Weigert van Gieson stain.

MAGN.

Fig.12i

Photomicrograph of a longitudinal section through the most caudal tracheosyringeal

cartilages (T2 and T1) of the membranous lateral tympaniform membrane illustrating the
compact stratified squamous epithelium with prominent epithelial pegs(arrows). HaematoxylinEosin stain.

MAGN.10x4.

Fig.12j Photomicrograph of a higher power of fig.12h showing the predominantly collagenous
intercartilagenous connection (arrows).
Weigert van Gieson stain.
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Fig. 12K Photomicrograph of a higher power of fig.12j demonstrating elastic fibres from the
luminal tunica propria merging with the fibres of the underlying submucosa to form a network
(arrows).

Weigert van Gieson stain.

MAGN. 40x4.

Fig.12L

Photomicrograph showing blood vessels (arrows) invading the inter-cartilagenous

connection (c) from the serosal side to enter the submucosa (s).
MAGN. 10x4.

42

Weigert van Gieson stain.

Fig.12m

Photomicrograph showing a high power of fig.12L illustrating features similar to

those infig.12k.

Weigert van gieson stain.

MAGN. 40x4.

Fig.13a Membranous lateral tympaniform membrane. Photomicrograph of a longitudinal section
of the rostralpart of the caudal portion of the lateral tympaniform membrane. Note the blood
vessels (arrows)invading from the serosa at the caudal end of T1.
MAGN. 10x4.
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Weigert van Gieson stain.

Fig.13b

Photomicrograph showing a high power of fig.13a demonstrating the blood vessels

(arrow heads) in the serosa. Note the elastic fibres from the inter-cartilaginous marging with
those forming cuff around T1 (arrows).

Fig.13c

Weigert van Gieson stain.

MAGN. 25x4.

Photomicrograph showing a higher power of fig.13b demonstrating longitudinal

(arrow heads) and transverse elastic fibres(arrows) in the inter-cartilagenous connection and in
the submucosa respectively.

Weigert van Gieson stain.
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MAGN. 40x4.

Fig. 13d

Photomicrograph showing a longitudinal section of the middle portion of the

membranous lateral tympaniform membrane. Note the preponderant increase of elastic tissue in
the submucosa (s) and the inter-cartilagenous connection (c) caudally (arrows).
Gieson stain.

Fig.13e

MAGN.

Weigert van

10x4.

Photomicrograph showing a higher power of fig.13d. Note the appearance of

longitudinal elastic fibres (arrows) in the luminal tunica propria. Lumen (L); serosal (s).
Weigert van Geison stain.

MAGN. 25x4.
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Fig.13f

Photomicrograph of a longitudinal section of the middle portion of the membranous

lateral tympaniform membrane. Note the thick luminal (arrows) and the thin serosal (arrow
heads) epithelial. The submucosa (s) has a paucity cellular profiles.
stain.

Fig.13g

MAGN.

Haematoxylin-Eosin

40x4.

Photomicrograph showing a longitudinal section of the caudal part of the

membranous lateral tympaniform membrane. Note the splitting (arrows) of the intercartilagenous connection © to surround the first broncho-syringeal cartilage.
Gieson stain.

MAGN. 10x4.
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Weigert van

Fig. 13h

Photomicrograph showing a higher power of fig. 13f.Note the appearance of blood

vessels (arrow heads) in the submucosa. Luminal tunica propria (arrows); Luminal epithelium
(e); submucosa (s).

Weigert van Gieson stain.
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MAGN.

25x4.

IV

Bronchosyringeal

Cartilages

The bronchosyringeal cartilages and the rest of the bronchial cartilages are similar to the
intermediate syringeal cartilages in that they are made of some form of hyaline cartilage. The
three bronchoyringeal cartilages are usually paired, incomplete and C-shaped. The first
bronchosyringeal cartilage is large and appears oval – shaped in a longitudinal section (Fig. 14a,
b). When followed caudally, the sizes of the cartilage diminishes gradually making them adopt a
more circular shape (Fig. 14 c).
The cartilages of each bronchus are connected to each other by thin elastic bands
designated as inter- annular ligaments (Fig. 14 b, c). The longitudinal elastic fibres forming these
ligaments merge with the cuff of elastic fibres found around each ring. The serosa is generally
thin in the bronchus (Fig. 14b). Blood vessels can be seen penetrating the inter-annular ligament
to traverse the submucosa and sometimes even reaching the luminal tunical propria (Fig 14c, d,
e, g). While the luminal tunica propria is similar to that of the membranous lateral tympaniform
membrane in the region, the submucosa , however, is slightly expanded (Fig 14 a, b, c).
Numerous blood vessels are also evident in this layer (Fig. 14c, d, e).
Caudal to B2 , the luminal epithelium gradually transforms from merely a stratified
squamous epithelium with a few cilia to a stratified columnar epithelium with a numerous cilia
and simple alveolar glands (Fig . 14d , e, f ) .
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Fig.14a Bronchosyringeal cartilages. Photomicrograph showing a longitudinal section
demonstrating the caudal attachment of the lateral tympaniform membrane to first
bronhosyringeal (B1). Note the predominant longitudinal and transverse alignment of elastic
fibres in the luminal tunica propria (arrow heads) and the submucosa (s) respectively.
Weigert van Gieson stain.

Fig.14b

MAGN. 10x4.

A photomicrograph showing the first three bronchosyringeal cartilages. Note the

elastic inter-annular ligaments (arrows).

Weigert van Gieson stain.
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MAGN.

10x4

Fig.14c

Photomicrograph showing the caudal two bronchosyringeal cartilages. Note the

numerous blood vessels (arrows) embedded in the submucosa. Luminal epithelium(e).
Weigert van Gieson stain.

Fig.14e

MAGN.

10x4.

A photomicrograph showing a longitudinal section of the syrinx at the level of B1.

The luminal epithelium (E) is characterized by numerous cilia (arrow heads). Submucosa (S).
Haematoxylin-Eosin stain.

MAGN. 40x4
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Fig.14d

A photomicrograph showing the luminal epithelium at the level of B2. Note the blood

vessel (arrows) in the submucosa penetrating all the way to the luminal tunica propria. Luminal
epithelium (E). Haematoxylin-Eosin stain.

Fig.14f

MAGN. 40x4.

A photomicrograph showing the luminal epithelium (E) at the level of B4. Note the

presence of numerous cilia (arrow heads) and large simple alveolar glands (a).
Haemetoxylin-Eosin stain.

MAGN. 40x4.
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Fig.14g

A photomicrograph illustrating numerous blood vessels (arrows) penetrating the inter-

annual ligament (I) to enter the submucosa.

Haematoxylin-Eosin stain.
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MAGN 40x4

V

Medial Tympaniform Membrane
At the caudial end of the tympanum, the tracheosyringeal lumen is split by a mid –

saggital, knife –like plane of cartilage, the pessulus (Fig. 15a).

In the domestic fowl, the

pessulus is an ossified cartilage which as described above, has its blade or cutting edge facing
cranially. The pessulus provides a rigid support for the medial tympaniform membranes .At its
base, this cartilage is characterized by a small artery interposed between two large venous
sinuses. These vessels are embedded within a network of collagen fibres which appear to be
continuous with the serosa of the medial tympaniform membrane (Fig. 15a).
The serosa and inter-cartilaginous connection increases in size cranio-caudally towards
the medio-bronchial ligament (Fig 15 b, e, i, k ). Whereas the serosal tunica propria remains
predominantly elastic caudally (Fig .15c, f, h). The elastic fibres seem to be organized in a loose
and random orientation. However, other are seen to have both a transverse and longitudinal
alignment. The latter seems to be more prominent cadually and in particular towards the medial
bronchial ligament (Fig .15h, m)
The pessulus is lined by an expanded submucosa (Fig. 15a, d). The luminal tunica propria can
only be clearly demarcated from the submucosa at the caudal end of the pessulus . This tunica
propria consist of copact elastic fibres with a predominant longitudinal orientation (Fig .15 b)
When followed caudally, the submucosa thins out until the distal portion of the medial
tympaniform membrane where it apparently merges with the tunac propria (Fig. 15g, i, j ). In
addition the submucosa becomes preponderantly elastic and well vascularised (Fig , 15 j, k,l )
This is also evident in the inter-bronchial ligament (Fig .15o ) However , in the latter , the
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submucosa and luminal tunica propria appear to send in prolongations of elastic fibres into the
underlying connective tissue (Fig . 15 n ) . These may play a role in the maintenance of a firm,
flexible anchorage of the medial tympaniform membrane to the oesophagus during vocalisation
or deglutition. Like most of the lateral tympaniform. Membrane, the luminal lining of the
passelux and the medial tympaniform membrane consist of a compact , stratified , squamous
epithelium (Fig . 15c , f , h ) This epithelium thickens caudally , particularly at the distal portion ,
the lining mainly consists of a ciliated , stratified , columnar epithelium (Fig . 15 j, k, l ) . The
simple alveolar glands are prominent in the luminal epithelium of the medial and inter- bronchial
ligament (Fig, 15n, o)
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Fig.15a Medial tympaniform membrane. A photomicrograph showing a longitudinal section of
the pessulus. Note the artery (arrow) sandwiched between the two venous sinuses. Medial
tympaniform membrane (MT).Weigert van Gieson stain.
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MAGN. 4x4.

Fig.15b

Photomicrograph of the proximal portion of the medial tympaniform membrane.

Note the elastic inter-cartilaginous connection (I) and the appearance of predominantly
longitudinal elastic fibres in the luminal tunica propria (U). W.G

Fig.15c

MAGN. 10x4.

Photomicrograph of a high power of fig 15b. Note the paucity of elastic fibres in the

large expanded submucosa (S) . W.G. MAGN

10x4.
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Fig.15d

Photomicrograph of a transverse section of the proximal portion of the medial

tympaniform membrane. Note an occasional blood vessel (arrow) in the expanded submucosa.
T.B MAGN 40x4

Fig.15e

Photomicrograph of a longitudinal section of the middle portion of the medial

tympaniform membrane. Note the gradual thickening of the serosa (S) and intercartilaginous
connection (I).W.G

MAGN

10x4.
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Fig.15f

Photomicrograph of the higher power of fig.15e. The luminal part (L) of the

intercartilaginous connection is elastic while the serosal side (S) is predominantly collagenous.
Note that in contrast to fig. 15c the submucosa (B) here has a higher content of elastic fibres.
MAGN. 25x4

Fig.15g

Photomicrograph of a longitudinal section showing the mode of transition towards

the distal portion of the medial tympaniform membrane. The sumucosa (S) thins as the
intercartilaginous connection (I) and the serosa (B) thickens. MAGN. 10x4.
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Fig.15 h

Photomicrograph of a longitudinal section of the distal part of the medial

tympaniform membrane.Note the high elastic fibre content of the inter-cartilaginous connection
(I) and the thick collagenous serosal tunica propria (T).

Fig.15i

MAGN. 40 x 4.

Photomicrograph showing the transition zone. Note the gradual thinning of the

submucosa (S) associated with concomitant thickening of the epithelium (E) inter-cartilaginous
connection (I) and the serosa (R), towards the distal part of the medial tympaniform
membrane.H.E MAGN. 25x4
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Fig.15j

Photomicrograph showing a higher power of Fig.15i.Note the appearance of

numerous cilia (arrows) in the luminal epithelium of the distal portion of the medial tympaniform
membrane.H.E MAGN.

Fig.15k

40x4.

Photomicrograph of a longitudinal section of the distal part of the medial

tympaniform membrane illustrating the numerous blood vessels (arrows) in the serosa. Note that
these blood vessels (arrow heads) come to lie very close to the epithelium (E) in the
indistinguishable zone constituting both the submucosa and luminal tunica propria .H.E.
MAGN.

25x4.
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Fig.15l

Photomicrograph of a higher power of fig. 15k. Note the ciliated stratified columnar

epithelium (E)

Fig.15m

MAGN.

40x4.

Photomicrograph showing blood vessels (arrows) running transversely to nourish

the inter-bronchial ligament.

W.G MAGN.10x4.
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Fig.15n

Photomicrograph of a longitudinal section of the inter-bronchial ligament. Note the

ciliated stratified columnar epithelium (e). The elastic fibre system from the submucosa and
luminal tunica propria can be seen sending elastic prolongations (arrows) into the underlying
connective tissue.

Fig.15 o .

W.G. MAGN. 4x4

Photomicrograph of longitudinal section of the medial bronchial ligament. Note the

ciliated stratified columnar epithelium (e) with simple alveolar glands (arrows) and the highly
elastic submucosa (s) and luminal tunica propria (u).
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W.G

MAGN.

10x4.

Syrinx of the passerine bird
The syrinx in the passerine birds resembles that of the domestic fowl, in that is a
modification of the tracheobronchial junction with sound –production and tone-control. The
syrinx is basically similar in the bulbul, the weaver –bird and the thrush nightingale. However
there are subtle differences about this basic structural pattern.
In an unstretched state, the tracheal rings appear to overlap each other (Fig. 16 a, b). In a
longitudinal section, each trachea ring appeared spindle – shaped and containing a thin rim of
cartilage at their ends (Fig .16b). The prominent syringeal muscles lining the trachea contained
very large nerve profiles and blood vessels (Fig. 16 b, d, and e). Some of these nerve profiles are
seen to be in close proximity within the serosa of the trachea wall. This was rather evident in the
thrush nightingale

(Fig, 16 c).

In the passerine syrinx , the last few tracheal rings and the first three bronchial rings are
profoundly modified to form the syringeal skeleton (Fig .17a,b,c ).The rigid tympanic box
consists of trachea element fused together . In all these three birds, the fusion of the tracheal
element is so complete that no seams remain to show how many elements contributed (Fig. 17b.
d). The tympanum appears to be the site of origin of most of the syringeal muscles seen in these
birds (Fig, 17a, b, and c). The trachea and tympanum consist of a thin submcosa and luminal
tunica propria. In addition they possessed a luminal, ciliated, glandular stratified columnar
epithelium (Fig, 17 c, d, e).
The first three bronchosyrageal or bronchial semi-rings provide attachment for the
complex syringeal muscles. Osseous structures lying in close proximity to each other and to the
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last tracheal ring (Fig. 17 d, e, f). The third bronchial semi- ring lies a short distance below the
second (Fig .17 a, b, c, e. There are no membranous areas in lateral walls of the airway, although
some workers have claimed to have identified a lateral tympaniform membrane in the areas
between the first and third semi-rings. Even though this may seem plausible in the thrush
nightingale (Fig. 17c, e), it may not be true in the bulbul and weaver birds (fig, 17a, b). In the
latter two, the complex syringeal muscles seem to insert onto the third bronchial semi- ring and
the inter- annual ligament cranial to it (Fig. 17a, b, h)
In contrast to the tympanum the trachea and the other bronchial ring, the bronchosyringeal
region is characterized by distinct structural modification. Around the region of the second
bronchial semi – ring, the bulbul is characterised by a compact , stratified squamous epithelium ,
a thick elastic ,luminal tunica propria and an expanded submucosa. The submucosa is made up of
a loose network of fine collagen and elastic fibres. This thickness area is presumed to be the
lateral labium of the syrinx in the bulbul (Fig. 17g). A similar region is observed in the lateral
wall of the syringes of the weaver bird and the thrush nightingale. In contrast to the bulbul, this
region in the other two passerine birds is found around the vicinity of the third bronchial semiring (Fig. 17 f, h).
In all three birds, the pessulus divides the tracheosyringeal airway and marks the beginning
of the bronchi. The pessulus is well-developed and bony, providing a rigid attachment for the
medial tympaniform membranes. In these birds, the bony pessulus is covered by a thin layer of
connective tissue overlain by the glandular, stratified columnar epithelium. This connective
tissue layer , which is least prominent in the weaver bird , project forward into the tracheal lumen
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from the apex of the pessulus , thereby forming the so – called semi- lunar membrane ( Fig . 18 a
,c , d , 17 a ) .

In contrast to the other two birds, the bony pessulus in the bulbul is embedded in

a thick basal mass of connective tissue which is largely elastic in structure (Fig. 18 c). Similarly,
unlike the other two birds, the cranial thickened portions of the medial tympaniform membranes
in the bulbul are largely collagenous. This portion presumed to be the basal fibrous rings or
medial labia of the pessular complex , is predominantly elastic in the weaver birds and in the
thrush nightingale (Fig . 17a , 19b ,c , d ) The luminal and serosal tunica propria in all the three
birds are not discernible . Like the lateral labium, the media labium has a luminal lining
characterized by a thick compact stratified squamous epithelium (Fig. 19 d). The serosal
epithelium corresponds to the luminal epithelium though it is relatively thinner. The medial
labium lies symmetrically opposite the lateral labium in the bulbul and weaver bird.
The medial tympaniform membrane of these birds lies caudal to the medial labium (Fig. 18
a, b, 19a, b, c). The two internally complete the first three bronchial semi-rings. In contrast to
the medial labium, these vibratile caudal portion of the medial tympaniform are very thin with an
approximate diameter of only 15 um . These membranes appear to consist of only a connective
tissue sheet sandwiched between the luminal and serosal epithelium (Fig. 19e, f, g).

The

connective tissue sheet seemed to be made up of predominantly collagen fibres (Fig . 18a ,19a,
b) . The epithelia are apparently of the simple, squamous variety.

However with the help of

semi – thin toluidine blue stain sections some lightly stained cells appeared to provide an extra
lining on to the luminal epithelium giving it a stratified two –cell layered appearance (Fig . 19f ,
g ) . These cells were more numerous on the luminal epithelium than on the serosal epithelium.
At the bronchial extremity of the medial tympaniform membranes, a medial transverse band of
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connective tissue , the inter-bronchial ligament or bronchidesmus connects the two bronchi to
the oesophagus (Fig . 18a . b ) .

Fig. 16 a (i) Schematic drawing of the syrinx of a male Bulbul bird (Pyconidae passeriforms).
Longitudinal coronal section. Note the profoundly modified first three bronchosyringeal
cartilages (B1-B3). The medial (ML) and lateral labia (LL) are symmetrically opposite each
other.SYM, syringeal muscles; TYM, tympanum;SLM,semi-lunar membrane; P, Pessulus; BM,
basal mass of elastic tissue; MTM, medial tympaniform membrane; IBF, inter-bronchial
foramen; B3-B5, other bronchial rings.
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Fig.16a(ii)

Photomicrograph of a longitudinal section of the syrinx of the thrush nightingale.

Note the overlapping tracheal cartilages (T) and ciliated stratified columnar epithelium (e) with
alveolar glands (a) lining the lumen.H.E

Fig .16b

MAGN. 10x4.

Photomicrigraph of a longitudinal section of the syringes of a bulbul (A) and thrush

nightingale (B). Note the presence of prominent nerve profiles (arrows) in the syringael muscles
very close to the tracheal lumen (T).W.G. MAGN 10x2; (B) H.E. MAGN. 25x2.
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Fig.16d

Photomicrograph showing the presence of neurovascular bundle (arrows) in the mass

of syringael muscles attached to the tracheal wall. Tracheal lumen (T). H.E. MAGN.10x4.

Fig.16e

Photomocrograph of a higher power of fig.16d. Note neurovascular bundle

(arrowshead).H.E. MAGN.40x4.
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Fig.17a

Photomicrograph of a longitudinal section of the syrinx of the weaver bird. Note the

attachment (arrows) of the syringeal muscles from the tympanum into the three profoundly
modified bronchosyringael cartilages.The elastic medial labium (m)lies symmetrically opposite
to the lateral labium (t).

Fig.17b

W.G.

MAGN.4x4.

Photomicrograph of a longitudinal section of the syrinx of the male bulbul showing

the fused tympanum and the first two profoundly modified bronchosyringeal cartilages (1&2).
Note that the insertion of the syringeal muscle extend to the third bronchosyringeal cartilages
(open arrows).W.G.

MAGN.4x4.
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Fig.17c

Photomicrograph of a longitudinal section of the thrush nightingale showing the

caudal attachments of the syringeal muscle. Note the distinct separation of the 3 rd
bronchosyringeal cartilage (3) from the 2nd bronchosyringeal cartilages(2) H.E.

Fig. 17 d

MAGN.4x4.

Photomicrograph of a high power of fig.17c illustrating the fused tympanum (t) and

it‟s close proximity to the first bronchosyringeal cartilage (1(. Note the ciliated stratified
squamous epithelium with simple alveolar glands (e). H.E MAGN.10x4.
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Fig.17e

Photomicrograph of a high power of fig.17c showing how the attachment of the

syringeal muscle (s) ends abruptly on the first bronchosyringeal cartilage (l). H.E.

MAGN.

10x4.

Fig. 17 f.

Photomicrograph of a longitudinal section of the thrush nightingale at the region

between the third (3) and (4) fourth bronchial rings. Note the expanded submucosa (s) forming
the lateral labium on the third bronchosyringeal cartilage.H.E.
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MAGN.10x4.

Fig.17g

Photomicrograph of a longitudinal section lateral labium (arrow) in the syrinx of the

male bulbul bird. Note the expanded submucosa (s),the elastic luminal tunica propria (u) and the
compact stratified squamous epithelium lining the lumen. L-Lumen; 2-second bronchial
cartilage.

W.G. MAGN 10x4.

Fig. 17 h Photomicrograph of a longitudinal section of the lateral labium in the syrinx of the
male weaver bird. In this bird, the expanded submucosa (s),the elastic luminal tunica propria (u)
and the compact stratified squamous epithelium lining the lumen is seen in the region of the 3 rd
bronchosyringeal cartilage (3). Note attachment of syringael muscles (arrowhead).W.G.
MAGN.10x4.
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Fig.18a Photomicrograph of a longitudinal section of the syrinx of the thrush nightingale
showing the prominent connective tissue projection (arrow) forming the so called semi-lunar
membrane and the inter-bronchial ligament attached to oesophagus (open arrows) W.G.
MAGN. 4x4.

Fig.18 b Photomicrograph of the longitudinal section of the syrinx of the male thrush
nightingale showing ligament to the outer muscular layer (m) of the oesophagus. H.E.
MAGN.4x4.
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Fig.18c

Photomicrograph of a longitudinal section of the pessulus of the syrinx of the bulbul

bird. Note the connective tissue projection (arrow) forming the semi-lunar membrane and the
thick basal mass (arrowhead) of elastic tissue. W.G. MAGN. 4x8.

Fig.18 d

Photomicrograph of a high power of fig.18b illustrating the ciliated glandular,

stratified columnar epithelium (e) lining the semi-lunar membrane. H. E.
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MAGN. 10x4.

Fig.19 a

A photomicrograph showing a longitudinal section of the medial labium (m) and

medial tympaniform (t) of a bulbul bird. Note that these structures are predominantly
collagenous. W.G. MAGN.

Fig.19b

4 x 8.

Photomicrograph of a high power of fig.18a showing the elastic medial labium (thick

arrow)and medial tympaniform membrane (thin arrow) in the male thrush nightingale. W.G.
MAGN. 10x4.
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Fig. 19 c Photomicrograph of a high power of fog. 18b illustrating the thick and thin compact
stratified squamous lining the luminal (thick arrows) and serosal (thin arrows) surfaces of the
medial labium and medial tympaniform membrane.

H.E MAGN. 10x4.

Fig.19d Photomicrograph of a high power of Fig.19b showing the thick, compact, stratified
squamous luminal epithelium (e) and elastic connective tissue sheet (arrows) of the medial
labium in the thrush nightingale. W.G. MAGN. 25x4.
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Fig.19 e . Photomicrograph of a transverse section of the caudal portion of the medial labium
or the area cranial to the medial tympaiform membrane of the male bulbul bird. Note the
connective tissue sandwiched between the luminal and serosal epithelium. This area was selected
for electron microscopy. T.B. MAGN. 40x4.

Fig.19f Photomicrograph of a transverse section of the vibratile caudal portion of the medial
tympaniform membrane of the male bulbul bird. T.B. MAGN.40x4.
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Fig.19 g

Photomicrograph of a high power fig 19f. Note the additional lining (arrows) on the

simple squamous epithelium lining lumen and the serosal side. The additional lining consists of
lightly staining cells, more numerous luminally. The area was selected for electron microscopy.
T. B. MAGN.100x4
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Electron microscopic findings
The Tympaniform Membranes of the male domestic fowl (Cockerel)
a ) Luminal Epithelium
Electron microscopy confirms that the luminal epithelium of the lateral and medial
tympaniform membranes consist of a stratified squamous epithelium (Fig. E1, E2, E3). This
epithelium consists of three to four layers of compactly arranged cells (Fig. E1, E3). The
intercellular contacts are reinforced by numerous distinct, strong desmosomal junctions and
intercellular interdigitations (Fig. E2, E4, E5, E10).

This epithelium is also characterized by

numerous microvilli and a prominent basal lamina. Microvilli are the small, slender, finger –like
projections of the apical cell surface consisting of tube – like evaginations of the plasma
membrane of the apical surface containing a core of cytoplasm (Leeson et al; 1985) (Fig. E1, E2,
E 3).

In addition, the basal cells of the epithelium anchor firmly to the underlying luminal

tunica propria through the basal lamina. These points of contact may constitute hemidesmosomes which apparently may play a vital role in the preservation of the epithelial integrity
against the stresses the membrane is subjected to (Fig. E4, E6, E9, E10).
b) Luminal Tunica Propria and Submucosa
Electron microscopic observations confirm that the luminal tunica propria is
indistinguishable from the submucosa at the middle segment of the lateral tympaniform
membrane (Fig. E1, E8, E11). The two layers consist of fine collagen fibrils, elastic fibres and
some diffusely arranged micro-fibris (fig .E9, E10, E 13).
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The only subtle difference between

the luminal tunica propria and the submucosa was the appearance of blood vessels at the serosal
side of the latter. Some of these blood vessels were surrounded by a few lymphoid cells which
appeared to be of mast cell origin (Fig. E20).
The elastic fibres are found in clumps whereas the microfibris are uniformly distributed
within these two layers. The mature elastic fibre is composed of a central, amorphous material
and peripherally arranged microfibrils of about 100A in diameter. This amorphous core
material is said to posses the classical recoil properties and selective stainability of elastin
(Kirkadly -Willis et al, 1967). However, immature elastic fibres consist of mainly bundles of
100A microfibrils . The microfibrils apparently plays no role in the mechanical properties of the
elastic fibres (Gosline , 1976 ) , that they may serve as a nucleus or induction center for further
deposition of elastin. Microfibris thus constitute the first recognizable form of developing
elastic fibres or their precursors, before the appearance of 100i of elastin (Panigua et al, 1983).
The clumps of elastic fibres are in close association with fusiform cells, some of which have
fibroblast – like properties (Fig. E1, E3, E5, E7, E8, E9, E13). Whereas most of the elastic
fibres appear to have a longitudinal orientation, some tend to adopt a transverse alignment (Fig.
E7 -10).
The luminal tunica propria of the medial tympaniform membrane is however clearly
demarcated from the sub mucosa. It consist of predominantly longitudinal elastic fibres
interspersed with a few microfibrils (Fig .E2, E4, E6). The submucosa of the medial
tympaniform membrane is a large, expanded layer consisting of predominantly, uniformly
distributed microfibrils and a few clumps of elastic fibres . The elastic fibres appear to be in
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close association with fibrocytic processes. Some of these processes are interposed between
elastic fibres (Fig, E12).
c ) Intercartilaginous Connection
The observations on the fine structure of the intercartilaginous connections of the medial
and lateral tympaniform membranes reveal that it consists of numerous synthetic fibroblasts –
like cells (Fig. E11, E14, E15). These cells in the lateral tympaniform membranes have thin,
long processes which enclose clumps of mature elastic fibres (Fig, 16- 19).
The cartilaginous connection in the medial tympaniform membrane on the other hand is
thin. The fibroblast –like cells have processes which enclose both collagen and elastic fibres
(Fig. E15, E12).
d ) Serosal Tunica Propria
Electron microscopic observations confirm that theserosal tunica propria of the lateral
tympaniform membrane is thin. It contains lymphoid and fibroblast –like cellx (Fig. E20). The
medial tympaniform membrane on the other hand consists of predominantly longitudinally
aligned collagen fibres (Fig. E21, E22, E25, E26). Interspersed within these collagen fibres are
numerous lymphoid cells and blood vessels (Fig. E20, E22, E24).
e ) Serosal Epithelium
Electron microscopy reveals that the serosal epithelium of the lateral and medial
tympaniform membrane consists of one to two cell layers (Fig. E20, E22). These observation
also show thatthe medial tympaniform membrane contains at least five junctional structures at
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the interface between the serosal epithelium and serosal tunica propria . These components
include tight junctions, desmosomes , hemi-desmosomes , lamina lucida and the basal lamina
(Fig . E25, E26). The surface of apical epithelium cells are lined by numerous microvilli
whereas their lateral surfaces are characterized by cytoplasmic processes which interdigitate with
the processes of adjacent epithelial cells (Fig .E25, E26).
An electron – lucent layer separates the basal epithelial cells from the underlying basal
lamina. The basal lamina is between the epithelium and tunic a propria (Fig E25, E26). In areas
of hemi – desmosomes however, an electron –dense line or sub-basal plaque (Briggaman and
Wheeler, 1975) is frequently seen. In most areas, the lamina lucida is continuous with the large
inter-cellular spaces found in between contiguous epithelial cells. These spaces are limited
apically and laterally by tight junctions and desmosomes respectively. It is presumed that these
may be artefactual.
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Fig.E1;E2 Electron micrograph showing the stratified appearance of the luminal epithelium (u)
in (E1) lateral and (E2) medial tympaniform membrane submucosa (s); Luminal tunica propria
(v); Longitudinal elastic fibres (arrow); Microvilli (arroeheads).
2x4000.
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MAGN (A) 2x1950;(B)

Fig.E3; E4 Electron micrographs showing the elastic tissue (e) and fobroblast-like cells (f) in
the luminal tunica propria of the (A) lateral and (B) medial tympaniform membrane. Basal
lamina (open arrows) ; microfibrils (arrow heads); Desmosomes (short arrows) and hemidesmosome (thin arrows);

MAGN. (A) 2x6000; (B) 2x9000.
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Fig.E5; E6

Electron micrograph showing a high power of fig.E2.in (A), the elastic tissue (open

arrows) are see fusing with the basal lamina (d). Note the intricate association between the
longitudinal elastic fibres (e) and fibroelastic processes (thick arrows).Lateral intercellular
interdigitations (i); Hemi-desmosome (thin arrows).
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MAGN. (A) 2x4400; (B) 2x16000

Fig.E7; E8

Electron micrograph showing an admixture of longitudinal and transverse elastic

fibres (open arrows) in the luminal tunica propria (u) of the lateral tympaniform
membrane.Mirofibrils (arrows); submucosa (s).
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MAGN.(A) 2x7000;(B)2x6000.

Fig.E9;E10 Electron micrographs showing a high power of fig.E3 illustrating the prominent
basal lamina (d), desmosomes (thick arrows) and hemi-desmosomes (thin arrows ). Note the
collagen fibres (arrow heads) intimately associated with the elastic fibres (e); Microfibrils (m).
MAGN.(A) 2x8000; (B) 2x8000.
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Fig.E11; E12 Electron micrographs illustrating the numerous microfibrils found in the
submucosa of the (A) medial and (B) lateral tympaniform membrane. Note in (B) the immature
elastic fibres (e) containing numerous microfibrils (arrows) at their periphery. MAGN. (A)
2x4400; (B) 2x10000.
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Fig.E13

An electron micrograph showing the numerous cellular profiles (arrows)constituting

the inter-cartilagenous connection © in the lateral tympaniform membrane. Note the paucity of
these cells in the submucosa (s).

MAGN. 2x900.
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Fig. E14; E15 (A) shows a high power of fig.E11.showing the cell types (thick arrows) found in
the inter-cartilaginous connection of the lateral tympaniform membrane. Note in (B) the intimate
relationship between the collagen (c)and the elastic fibres (e)in the medial tympaniform
membrane. Microfibrils (thin arrows). MAGN. (A) 2x2200; (B) 2x9000.
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Fig. E 16,17 Electron micrographs showing higher powers of the intercartileginous connection
of the lateral tympaniform membrane.Note the compact reticulal fibres (R) trapped between the
ibroblastic processes (p). submucosa (S); immature elastic fibres (arrows). MAGN. (A) 2x4400;
(B) 2x 9000.
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Fig.E18;E19 Electron micrograph of the lateral tympaniform membrane illustrating the intimate
relation between the reticular fibres (R), the elastic tissue (e) and the fibroblast-like cells (f).
Note the numerous vesicles in the cytoplasm (thick arrows). Immature elastic fibres (thin
arrows). MAGN. (A).2x9000; (B) 2x9000.
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Fig.E20

An electron micrograph showing lymphoid cells (arrows) embedded in the serosal

tunica propria (s), the intercartilaginous connection (I.C) and the peri-capillary zone (p) in the
lateral tympaniform membrane . MAGN. 2x1950.
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Fig.E21;E22 Electron micrograph showing numerous transversely cut collagen fibres (c) in the
serosal tunica propria of the medial tympaniform membrane.Note the larger intercellular space
(arrows) found in the epithelium. B-blood vessel . MAGN. (A) 2x4500; (B) 2x5000.

94

Fig.E23; E24 Electron micrograph illustrating lymphoid cells (Z) in the serosal tunica propria
of the medial tympaniform membrane. Collagen (c); serosal epithelium (e). MAGN. (A)
2x4200; (B)2x9000.
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Fig.E25; E26 Electron micrograph showing higher power of the serosal epithelium seen in
fig.E21. Note the microvilli (thick arrows) the desmosomes (long arrows) tight junctions (small
arrows) and large intercellular spaces (r). Basal lamina (arrowheads); collagen (c) ; lamina
Lucida (o). MAGN. (A)2x29000; (B)2x29000.
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The Medial Tympaniform Membrane of the male bulbul
Electron microscopy reveals that the medial tympaniform membrane consists of
generally 3 layers. A sheet of connective tissue in the middle sandwiched between a luminal and
a serosal epithelium (Fig. E27, E32).
a)

Epithelium
The luminal and serosal epithelium have a stratified squamous appearance. This

epithelium consists of two to three cell layers (Fig. E28, 29, 33, 34, 35).
Cranially the luminal and serosal epithelium are very similar. The epithelial zones are
delineated from the underlying connection tissue sheet by a distinct basal lamina. Numerous
microvilli are displayed on the apical surface of each epithelial cell (Fig. E27, 29). The
epithelial cells are attached to each other by prominent desmosomal contacts (Fig. E29, 30, 31).
Certain areas of the luminal epithelium are characterized by lightly staining cells which have a
fibrous cytoplasm (fig, E30, 31). These electro –lucent apical cells have a simple squamous
appearance (Fig. E31) .
Caudally, the luminal and serosal epithelium are distinctly different. The electro –lucent
apical cells are more evident to the luminal epithelium (Fig, E32). In contrast to the cranial
portion, these cells at the caudal part of the medial tympaniform membrane have a low cuboidal
appearance (Fig. E33, 34). Though, these differences may be attributed to poor fixation (Fig.
E33, E34).
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Prominent hemi-desmosomes and spot desmosomes characterize the intercellular
attachments in the luminal and serosal epithelium of the medial tympaniform membrane. The
basal surface of the epithelial cells is also characterized by numerous cytoplasmic processes
which interdigitate with reciprocal invaginations of the connections tissue sheet (Fig .E29).
The hemidesmosomes in this study are thus represented by basal epithelial electron dense
cytoplasmic areas onto which prominent cytoplasmic fibrils or ton filaments are inserted (Fig.
E29, 32, 33). These areas of hemidesmosomes also frequently show an electron-dense line or
sub-basal dense plaque (briggaman and Wheeler, 1975) at the lamina lucida (Fig, E29, 34, 35).
The lamina lucida is usually an electro- lucent layer that separates the basal surface of the
epithelial cells from the underlying basal lamina (Fig. E29, 35).
The basal lamina is an amorphous, relatively thick layer between the epithelium and the
connective tissue sheet (Fig. E29, 35). Areas of focal thickening were, however, noted beneath
the sites of hemidesmosome. A sub- basal layer of fibrous element comprising anchoring fibrils
and bundles of small, collagenous fibrils occur on the connective tissue layer side of the basal
lamina. These collagenous fibrils have a preferred longitudinal orientation (Fig. E29, 35).
b ) Connective Tissue Sheet
Electron microscopic observation reveal that this sheet comprises of numerous
fibroblasts, mast cells and collagen fibres organized in a scissoral, non-geometrical alignment
(Fig . E38). These collagen fibres are delineated into bundles by a fine network consisting of an
amorphous and fibrilla like material. The former presumed to be ground substance (Fig, E29,
E38). Centrally placed are numerous blood vessels. These blood vessels are surrounded by
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numerous mast cells which are in close association with processes of fibroblasts (Fig. E27, 28).
Each mast cell is characterized by a large nucleus and numerous large, dark, osmiophilic dark
granules embedded in the cytoplasm (Fig. E29). Occasionally cells with a thickened basement
membrane were observed (Fig, E36, 37).
Caudally, the connective tissue sheet is characterized by mainly numerous fibroblast s
intimately related to collagen fibres. The fibroblast is slender shaped cells possessing elongated
branching processes which extend between the bundles of collagen fibrils. The processes come
into contact with similar processes from other cells. Their cytoplasm is filled with ergastoplasm
and sometimes scattered mitochondrial profiles and rough endoplasmic reticulum (Fig. E37). No
blood vessels or mast cells are evident in the caudal portion of the medial tympaniform
membrane of the bulbul.
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Fig.E27; E28 Electron micrograph showing the cranial portion of the medial tympaniform
membrane. Note the transversely cut blood vessel (v) surrounded by lymphoid cells (thick
arrows). Elastic tissue (thin arrows); Microvilli (arrowheads).
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MAGN. (A)2x1950; (B) 2x2600.

Fig.E29

A high power of fig. E28 showing the feature of the lymphoid cell presumed to be a

mast cell. Large nucleus (N) and numerous dark granules (g) in the cytoplasm. Desmosome
(thick arrows); Hemi-desmosomes (thin arrows).

MAGN. 2x9000.

Fig.E30 A high power of fig.E29 showing the prominent microvilli (arrow heads) and spot
desmosomes (open arrows) in the epithelium. Note the electron-lucent apical epithelial cell (a);
Inter-cellular spaces (I). MAGN.2x1500.
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Fig.E31 Electron micrograph of a luminal apical epithelial cell of the cranial portion of the
medial tympaniform membrane. Note the filamentous appearance of the cytoplasm(y) and the
nucleus (n). Desmosomes (large arrows); basal lamina (small arrows); intercellular spaces (I);
collagen (c).

MAGN 2x9000.
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Fig.E33; E34 (i) Electron micrographs showing the caudal portion of the medial tympaniform
membrane illustrating numerous fibroblastic processes (small arrows) intimately related to the
collagen network (n) in the connective tissue sheet. Lumen (L) ; Luminal electron lucent apical
cell (t).

MAGN (A) 2x1950; (B)2x3000.
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Fig.E34 (ii) Electron micrograph showing a high power o the luminal epithelium.Note the basal
lamina (Small arrows) and the numerous desmosomal contacts (thick arrows). Collagen fibres (c)
in the connective tissue.

MAGN.2x9000.

Fig.E35 Electron micrograph showing a basal epithelial cell anchored through the basal lamina
(small arrows) by numerous hemi-desmosomes (large arrows). Numerous transversely cut
collagen fibres (c) and fibroblasts (f).

MAGN. 2x7000.
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Fig.E36; E37 High power electron micrographs of the caudal portion of the medial tympaniform
membrane. Note the numerous fibroblasts (arrows) and the fine amorphous substance
surrounding the cell in (B) (arrow heads). This is presumed to be a thickened basement
membrane. MAGN. (A)2x3600; (B) 2x7000.
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Fig . E38 An electron micrograph showing the multi-directional alignment of the collagen
fibres (c). Note the fine fibrillar material and amorphous substance separating the collagen fibres
in bundles (f).

MAGN. 2x18000.
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DISCUSSION
Observation made in this study have revealed that the syrinx, found at the
tracheobronchial junction, is characterized by variably ossified cartilages and soft structure . The
ossified cartilages involved are the tympanum, the pessulus and the bronchosyringeal cartilages.
Whereas, the soft structures include the labia, vibrating membranes and interannular ligaments.
Light microscopical observations have demonstrated that the tympanum, the most rostral
element of the syrinx, is formed by the fusion of several tracheosyringeal cartilages. The
pessulus, a loop of cartilage projecting from the caudal border of the tympanum, divides the
tracheal lumen into the two bronchial openings. Just caudal to the pessulus, the thin medial walls
of the bronchi form the medial tympaniform membrane. This study has shown that in the
domestic fowl, the latter are attached rostrally to basal corners of the pessulus while caudally,
their boundaries merge with the medial and interbronchial ligaments. In the passerine birds, it
has been observed that the rostral portions of the medial tympaniform membranes from the
medial labia.
However, while the medial labia and tympaniform membranes are largely collagenous in
the bulbul bird, in the weaver birds and thrush nightingale, these structures are predominantly
elastic. Furthermore, in contrast to the other two birds, the pessulus of the bulbul birds is
embedded in a thick basal mass of elastic tissue. Observations in this study have demonstrated
that the pessulus of the passerine syrinx is characterized by a connective tissue projection,
presumed to be the so –called semilunar membrane. This membrane which is more evident in the
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bulbul birds and in the thrush nightingale, is lined by a glandular pseudo stratified columnar
epithelium.
This study has also shown that the lateral walls of the passerine syrinx contained three
profoundly modified bronchosyringeal cartilages. In contrast to the domestic fowl, no
membranous sound –prodicung structures were observed in the lateral wall of the syringes of the
bulbul and weaver bird. Between the first and third bronchosyringeal cartilages, the lateral wall
of the passerine syrinx was thickened by a network of loose connective tissue to form the lateral
labia. This area was characterized by an expanded submucosa , an elastic luminal tunica propria
and a luminal compact stratified squamous epithelium .
In addition, it has been further demonstrated that the lateral tympaniform membrane of
the domestic fowl consist of two portions. A cranial, cartilaginous portion and a caudal
membranous portion. In contrast to the caudal portion, the cranial portion contains four
intermediate syringeal cartilages embedded in its intercarilaginous connection. This study has
shown that the passerine birds possess large powerful intrinsic syringeal muscles which appear to
be well innervated by large nerve profiles. In contrast, only the domestic fowl only has extrinsic
syringeal musculature. The above findings confirm and extend the observations made by Myers
(1917 ) , Ames ( 1971 ), Warner (1972a , b ) , King and Mclelland ( 1975 , 1981 , 1984 )and
King (1989) .
Observations with the light microscope have revealed that each ossified cartilage consists
of a peripheral rim of hyaline cartilage surrounded by a cuff of transversely aligned elastic fibers.
The syringeal lumen is lined by a compact stratified squamous epithelium of varied thickness, in
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contrast to the ciliated glandular stratified columnar epithelial organization of the extra-syringeal
bronchial and tracheal airway. One of the most significant histological finding was the presence
of distinct epithelial pegs and ridges in the cranial, cartilaginous portion of the lateral
tympaniform membrane in the domestic fowl. The lateral tympaniform membrane was
characterized by an expanded submucosa particularly around its rostral and caudal attachments.
The caudal attachment was characterized by a condensation of elastic fibres in the luminal tunica
propria to form a thin compact layer of longitudinally aligned elastic fibers. The other areas of
the lateral tympaniform membrane were characterized by an intermingling of elastic fibres from
the submucosa and the luminal tunica propria to form a fine interlacing network. The thick
intercartilaginous connection of the cartilaginous lateral tympaniform was highly elastic
particularly at its rostral attachment to the caudal end of the tympanum. The elastic fibre content
in this connection diminished gradually in a cranio– caudal direction towards the membranous
lateral tympaniform membrane. The latter showing a preponderant increase in elastic tissue
caudally towards it‟s attachment at the first bronchosyringeal cartilage. The above findings
confirm and extend further those made by Setterwall (1901) , Myers (1917 ) , Warner (1972a, b)
and Casey and Gaunt (1985) .
Electron microscopy has revealed that the luminal and serosal epithelia of the
tympaniform membranes consist of tight junctions, desmosomes , hemidesmosomes , short
microvilli and intrecellular spaces . These intercellular spaces which were more prominent in the
domestic fowl, were limited apically by the tight junctions, laterally by desmosomes but
continuous basally with the lamina lucida . These findings are consistent with those of Walsh
and Mclelland (1974b).

Observations with the electron microscope also revealed that while the
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connective tissue sheet of the medial tympaniform membrane of the passerine syrinx was largely
collagenous , the submucosal and tunica propria zone in the tympaniform membranes of the
domestic fowl consisted of a varied distribution of collagen fibres ,microfibrils , fibroblast ,
lymphoid cells were restricted to the tunica propria , the microfibrils were more predominant in
the submucosa . The finding of lymphoid cells in the tunica propria confirms the histological
observations of Myers (1917), Ede (1964) and Hodges (1974). The serosal tunica propria
consisted of predominantly an admixture of compactly arranged reticular fibres and elastic fibres
interposed between the fibrocytic processes.
Three types of syrinx are recognized in the historical account of this organ, namely
tracheobronchial, tracheal (Fig.D1, D2) and bronchial (Fig .D3). These terms depend on the
distinction between the tracheal and bronchial elements of the syrinx, especially the distinction
between the tracheosyringeal and bronchosyringeal cartilages (King 1989).

The tracheal

elements constitute a direct continuation of the airway. The tracheal skeletal components, the
tracheosyringeal cartilages are typically complete rings. The bronchial element lie caudial to the
bifurcation of the airway and are therefore paired. Their skeletal components , the
bronchosyringeal cartilages, constitutes the skeleton of the most cranial part of the left and right
primary bronchi taking the form of paired , incomplete and c- shaped half – rings (Myers,
1917). Furthermore, the bronchosyringael cartilages tend to be differentiated from the true
bronchial cartilages that follow them caudally. These bronchosyringeal cartilages are relatively
broad, irregular in shape with expanded ends, and of relatively great diameter (Myers 1917,
Warner 1972b).
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Fig. D1 Syrinx of the female Dendrocygna bicolor (Anatidae, Anseriformes). Dorsal aspect.
About 14 tracheosyringeal cartilages are incomplete dorsally, the gap in the midline being closed
by an extensive tracheosyringael membrane (TRSM).About 6 tracheosyringeal cartilages from
the tympanum (TYM). There may be a lateral tympaniform membrane (LTM), or alternately this
is a relatively extensive first inter-annular membrane. B1, first bronchosyringeal cartilage; IBF,
Inter-bronchial foramen; IBL, Inter-bronchial ligament; STM, sternotrachealis; MTM, Medial
tympaniform membrane.Redrawn from King, (1989).
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Fig.D2 Semidiagramatic view of the syrinx of streptopelia risoria (columbidae,
columbiforms).Sex not known. (1) ventral aspect, (2) Dorsal aspect. The tracheosyringeal
cartilages are much reduced, especially dorsally where the cartilages seem to be entirely lost. An
extensive median tracheosyringeal membrane (TRSM), which is continuous laterally with the
lateral tympaniform membrane (LTM), has replaced the cartilages in the midline especially
dorsally. The muscle acting on the syrinx are asymmetrical, the left sternotrachealis muscle
(STM) crossing the tracheal to share a common insertion with the right muscle on the trachea, to
the rigt of the midline. The tracheolateralis muscle (TLM) inserts not only on the last
tracheosyringeal cartilage, but also directly on the lateral tympaniform membrane. B1, first
bronchosyringeal cartilage; MTM, medial tympaniform membrane; TR, tracheal cartilage.
Redrawn from Gaunt et al. (1982)
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Fig. D3 Syrinx of steatornis caripensis (Steatornithidae, Carimulgiformes). Sex not known. A
ventral aspect of a longitudinal section.an example of an etreme bronchial type of syrinx. There
is no tympanum nor any other tracheosyringeal specialization, and the syrinx therefore begins at
the division of tracheal airway. The left and right bronchial elements of the syrinx each carry
both a lateral tympaniform membrane (LTM) and a medial tympaniform membrane (MTM).
These membranes are separated from the division of the airway by a series of complete
bronchosyringeal cartilages (B1-16). TR, tracheal cartilages; STM, Sternotrachealis muscle;
SYM, syringeal muscle ; LBR, lateral bronchus;ML, medial labium; IBF, inter-bronchial
foramen. Redrawn from Suthers and Hector (1985)
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This basic distinction between tracheosyringeal and bronchosyringeal cartilages was
adopted by the Nomina Anatomica Avium (King, 1979 ). Esentially it depends on the
definitive anatomy ( I . e the adult anatomy ) of the airway , and is not an embryonic concept
(Ames1971 , king 1989 ) . The criteria can be applied quite consistently. The midline part of
the syringeal airway is tracheal and the bifid airway is bronchial and hence the syringeal
cartilages or membranes which belong to these two airway in birds are either tracheosyringeal or
bronchosyringeal . In this present study in order to distinguish the tracheosyringeal cartilages
forming tympanum from those embedded in the cranial portion of the lateral tympaniform
membrane of the domestic fowl , the latter were designated as intermediate syringeal cartilages
in conformity with Myers „ (1917 ) classification .
Ames (1971) criticized the classification of the syrinx into tracheal , bronchial or
tracheobronchial types because it implies a knowledge of function that is not actually justified .
For example, the term “tracheal “

syrinx may give the impression that such a syrinx produces

sound mainly or even solely by its tracheal element. The “ tracheal “ syrinx may look
superficially as though it‟s bronchial element have little scope for sound production , but in the
absence of experimental data this is only a guess.
For this varied reasons, Ames (1971) found it impossible to name the supporting element
in the historical tracheal – bronchial sense. Instead, he classified the passeriform cartilages into
“A” and “B “types according to theirshape in cross-section consistency and direction of
concavity. His A cartilages are flat in transverse section, flexible and have a concave curvature
of their cranial border, the two series being continuous. The tympanum is formed of A elements.
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Ames (1971) method of classifying the cartilages of the syrinx has proved its value in
passeriform taxonomy, but does not lend itself readily to the routine analysis of syrinxes into
particular types . King (1989) suggested that the historical methods offers a simple anatomical
basis for the structural analysis of the syrinx of man , if not all birds . However, it may be a long
time syrinx to enable functional criteria to be applied to its classification.
CARTILAGES
Observations in this study have revealed that the tympanic box or chamber consists of
essentially a rigid cylinder formed by the very close apposition of tracheosyringeal cartilages
(Fig. D4, D5,). The cartilage are often ossified , as observed in the larus argentatus (Ruppell ,
1933 ) , the domestic fowl (Gross , 1964a ) and the passerine birds (Warner , 1972b ) . The
tympanum is a characteristic feature of the tracheobronchial type of syrinx. The cartilages
contributing to the tympanum may be either partly or entirely fused together, as in some
passeriforms or closely approximated as in others such as corus coron (Warner, 1972b).

The

finding in this study have shown that in the domestic fowl , these cartilages are partly fused
along their sides as well as firmly attached by dense fibrous tissue. Other studies have shown that
the degree of fusion, in the passeriforms, may depend on the age during the first year of life
(Ames, 1971). But sometimes as has been demonstrated in this study, the fusion is so complete
in the passerine birds that no seams remain to show how many elements contributed.
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Fig.D4 Wax reconstruction of a syringeal skeleton of an adult male domestic fowl. VP-ventral
pessulus; DP-Dorsal pessulus; BI, II, III-first, second and third bronchosyringeal cartilages; TRtracheal cartilages; TYMP-tympanum; ISC-intermediate syringeal cartilages.Redrawn from
Myers. (1917).
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Fig.D5 syrinx of pica pica (corridae, Passeriformes). Dorsal aspect, sex not kown. A typical
passerine syringeal skeleton. The tympanum (TYM) is formed from four tracheosyringeal
cartilages. There are three bronchosyringeal cartilages (BRS), supporting the medial
tympaniform membrane (MTM). B4, first true bronchial cartilage; MBL, medial bronchial
ligament;IM, internnular membrane; IBL, interbronchial ligament; TR, tracheal cartilage.
Redrawn from king. (1989).
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By comparing the shape of the longitudinally cut tracheal rings , this study has shown
that the tympanum of the domestic fowl consists of eight closely apposed tracheosyringeal rings .
In contrast to the tracheal rings , these rings were cuboidal in shape and not overlapping spindle
–shaped structures . However, it has also been observed that only four of the most caudal of
these tracheosyringeal cartilages are fused. Moreover, the mucosa and submucosa showed
various forms of transition just within the rostral two of these four caudal tracheosyringeal
cartilages. Hence it is not suprising to note that there is no general consensus on the numberof
elements which form the tympanum. Gross (1964a ) observed that the tympanum of the
domestic fowl consisted of five to seven rings whereas Myers ( 1917 )found four king (1989 )
proposed that this number may vary between three and eight rings . Ames (1971) on the other
hand believed that the passerine or oscine tympanum to be characterized by the fusion of three of
four elements.
The tympanum is also noted to be present in some specles possessing the tracheal type of
syrinx, as in certain of the” tracheophone “ of syrinx , the tympanum is typically absent (Garrod
, 1873 ) . However , a tendency for rigidity and perhaps a slight increase in the diameter of the
cartilages preceding the division of the airway has been reported recently in the bronchial syrinx
of strix aluco (strigiformes ) (King , 1989 ).
The identity of the bronchosyringeal cartilages (cartilages broncho –syringeales) in birds
has long been controversial (Ames, 1971). In the passerines, three pairs of specialized half-rings
follow the tympanum at the bifurcation of the airway, their shape and size being different from
the subsequent half –rings. Miskimen (1951) considered these three elements to be neither
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tracheal nor bronchial and called them “intermediary bars “. Ames (1971) noted that
MacGillivray writing in volume 2 of the “History of British Birds “(1839) had evidently
interpreted these cartilages as tracheal elements. Ames (1971) favoured this view and regarded
the “intermediary bars “and tympanum as a natural series continuous with the preceding them as
essentially tracheal elements. Warner (1971) and King (1989) took the opposite view and
designated the oartilages of the bifurcated airway as bronchial half –rings or bronchosyringeal
cartilages.
As stated above, the bronchosyringeal cartilages of the standard tracheobronchial type of
syrinx (and hence of the great majority of birds) are paired c-shaped half – rings (Fig D4, D5).
The observations in this study have shown that both the first and second broncho-syringeal
cartilages of the passerine birds are greatly modified. They appear as enlarged, osseous
structures distinctly different from the tracheal, the third bronchosyringeal cartilages and the
remaining bronchial cartilages .These findings are consistently with the observations made by
warner (1972b) and King (1989) on the passerine syrinx. However as the latter noted, there are
many other species of birds where the bronchosyringeal cartilages are characterized by features
similar to those of the remaining bronchial cartilages.
Because of the difficulty in identifying the exact boundary between the bronchosyringeal
cartilages and the true bronchial cartilagese, the number of former often cannot be readily
established in the passerine syrinx , the number does seem consistently to be three , judging by
the description of Warner ( 1972b ) and Guant and Wells (1973 ) . In larus argentatus five or six
can be identified (Ruppell, 1933: Greenwalt, 1968). Myers (1917) considered it possible to
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distinguish thee bronchosyringeal cartilages in the domestic fowl the third differing from the
subsequent true bronchial cartilages in the enlargement of its ventral ends.
In the bronchial type of syrinx, the first bronchial cartilages are usually complete rings and
these are interpreted as bronchosyrigeal cartilages. Garrod (1873) and Suthers and Hector
(1985 ) found in steatornis caripensis about 14 to 20 such rings on the left and about 9 to 15 on
the right side preceding the lateral tympaniform membrane .
In a few species possessing a tracheobronchial syrinx, the true bronchial cartilages (those
caudal to the syrinx) are complete rings. Thus in the Roseate Spoonbill , the Bean or pinkfooted
goose and the whistling swan , the extra-pulmonary bronchus consists mainly of complete rings (
the rings of the left and right bronchus of these two auseriforms being fused in the mid- line) (
king 1989 ) . However, in both species the rigs are preceded cranially by a few typical c-shaped
bronchosyringeal half – rings which suspend the medial tympaniform membrane (King 1989).
According to Warner (1972b) and Guant and Wells (1973), the bronchial cartilages are complete
in swallows, although c-shaped in all other passerines. Warner (1972b) confirmed in the House
Martin that the third and subsequent bronchial cartilages are complete rings. The true bronchial
cartilages in both sexes of the whooper swan those caudal to the syrinx are unusual in forming a
cartilaginous and body lattics work (Ruppell, 1933). These cartilages are also remarkable for
their dilated caliber. Garrod (1879) noted that in no galliform birds are any bronchial rings
complete.
This study demonstrated a zone of transitional in the mural structure of the caudal part of
the syrinx of the domestic fowl .It was observed that at the level of the second bronchosyringeal
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cartilage , the luminal epithelium of the lateral wall and the medial tympaniform membranes
transform from a compact stratified squamous appearance to thicken and acquire a ciliated
glandular stratified columnar appearance . In addition, this area was characterized by the
thickening of the serosa and the intercatilaginous connection accompanied by a concomitant
thinning and merging of the submucosa and the luminal tunica propria. It is therefore proposed in
this study that the caudal end of the syrixn of the domestic fowl may lie at approximately the
level of the second bronchosyringeal cartilage.
Although it is a characteristic feature of the basic syrinx, the pessulus is absent in some
groups notably amomg the ratites, columbidae and psittacidae. Thus it is missing in struthio and
casuarius (Forbes 1881 ) but present in Rhea Americana (Forbes 1881 ) . Warner (1972a)
confirmed its absence in Columba livia and in the wood pigeon (Columba palumbus). Warner
(1972a) indirectly indicated its replacement by a thickening of the mucosa. It also noted that the
pessulus was also missing in streptopelia decaocto, columbina talpacoti and Geopelia cuneata.
Gaunt et al (1982) confirmed its absence in another streptopelia species (s. risoria). King (1989)
observed that the pessulus was also missing in psittaciform specie. Guant and Guant (1985a)
reported it to be absent (explicitly) in myiopsitta monachus and also (by implication) in
Agapornis roseicollis and cyanoliseus patagonus.
Besides these accounts of the absence of the pessulus in major groups of birds, it has also
been found wanting in smaller taxa or isolated species. Thus Warner (1972b) reported its
absence in the common snipe. He mentioned that it is never absent in passerine birds, but in fact
it is missing in larks, i. e the oscine Alaudine (Ames, 1971) and in deuteron-oscine passeriforms
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such as the furnarioidea and many of the pittidae larks is one of the only two significant
deviations from the general pattern in the remarkably homogenous syringeal structure of the
nearly 4000 oscine species a degree of uniformly which strongly suggests a single origin for the
group (Ames , 1971 ). The pessulus in oscines seems typically to be well developed and
ossified, being massive and triangular in sturnidae, though in coruus corone it is small and
wholly cartilaginous or only partly ossified (Warner 1972b). Weldon ( 1883 ) asserted that the
Greater Flamingo lacked a pessulus , but king (1989 ) personally dissected and confirmed not
only it‟s presence but also described it as being broad and firm .
The pessulus and the closely related semi- lunar membrane were noted to be present in
the bubul bird and thrush nightingale. However it appeared to be absent in the domestic fowl and
weaver bird . Although considered to be a component of the basic syrinx , the semi-lunar
membrane has long been known to be erratically absent in both passeriform and non-passeriform
species (Setterwall 1901, Greenwalt 1969 , Waner 1972b , Gaunt and Wells 1973 , King 1989 )
. From the results of experimental removal of or injury to the pessulus or semi-lunar membrane
by Gross (1964b) and Miskimen (1951), Gaunt and Wells (1973) concluded that neither the
pesssulus nor the membrane has an established function (except that the pessulus nor the
membrane has an established function (except that the pessulus provides a firm anchorage for the
medial tympaniform membrane). As was pointed out by Ames (1971), the absence of the
pessulus or semi-lunar membrane in the larks can scarcelybe said to have diminished their ability
to sing .

It has however been postulated that , the semi-lunar membrane may isolate the air

coming from the bronchi , so that mixing of the two different sounds can occur without
disturbing the sources of vibration (Stein, 1968 ) .
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Observations in this study revealed that the intermediate syringeal and bronchosyringeal
rings consisted of hyaline cartilage and a cellular perichondrium. The tracheal and
tracheosyringeal rings on the other hand consisted of an ossified central core, a peripheral rim of
hyaline cartilage and cellular perichondrium was a thin fibrous layer. With the aid pf an elastic
stain, this study demonstrated that except for the fibrous layer or cuff around the cellular
perichondrium , where tranverse elastic fibres were found , none could be detected in the
cartilages .
Using improved staining techniques , other workers have demonstrated that although the
cartilaginous matrix of hyaline cartilage is devoid of elastic fibres , elastic- related fibres are
however present (cotta-pareira et al , 1984 ) . Oxytalan fibres chrondocytes, whereas the elaunin
fibres could be detected in the transition (chrondogenic) layer adjacent to the cellular
perichondrium. These workers further observed that elastic system fibres increased in diameter
centrifugally from the inner region of the cartilage to the outer layers of the perichondrium ,
suggesting that a modulation of elasticity occurs in this cartilage from the perichondrium inwards
(Cotta-pereira et al , 1984 .
It is well known that the elastic properties of the elastic fibres are due to their amorphous
properties of the elastic fibres are due to their amorphous component (elastin) (Ayer 1964, Ross
and Bornstein 1969) . The elastic fibres system includes elastic, elaunin and oxytalan fibres
(Cotta-Pereira and Guerra –Rudrigo 1977, Cotta-Pereira et al 1976, 1978, 1984). Ultrastructural
studies suggest that the earliest elastic fibres take on the form of microfibrils which , while
developing are invested with an amorphous elastin component to form elaunin fibres up to a
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point at which the elastic fibres attains full maturation (Cotta-Pereira et al 1976 , fahrenbach et al
1966 ).
During elastogenesis the development of the elastic fibre may become arrested or slowed
down abruptly at times from a late stage in utero or final stage of elastic fibre evolution giving
rise to the corresponding fibre types which may persist into adult life for example, oxytalan,
elaunin and mature elastic fibres (Cotta-Pereira et al 1976, 1984, Bonnaure –mallet and Lescoat
1989)
Hence it has been suggested that oxytalan fibres being composed of a bundle of
microfibrils that is of the amorphous elastic material, probably show a lesser tendency to
elongate under mechanical stress (Cotta-Pereira et al 1976). This hypothesis is consistent with
the fact that oxytalan fibres have been found in locations where resistance to mechanical stress is
required such as the peridonteum , perinerium , ciliary zonule , vocal cords , dermo-epidermal
junctions , fibrous and hyaline cartilage (fullmer 1958 , Cotta-Pereira et al 1978 , 1984; Gichangi
1989 ; Bonnaure –mallet and Lescoat 1989) . Whereas , elastic tissue has been found to be
concentrated predominantly in areas subjected to periodic stresses such as the walls of large
arteries , lungs , skin , ligament flava , ligamentummuchae of ruminant animals and in capsules
of various visceral organs such as pleura , pericardium and peritoneum (Fasana 1973 ; Kimani
1979 ; Walji 1984 ) . Elastic tissue also occurs in abundance in the ligamentum suspensorium of
the penis and in the walls of the trachea (Bloom and Fawcett 1968, Bonnaure- mallet and lescoat
1989).
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Elaunin fires which contain both microfibril bundles and a little amorphous material
would be expected to display elastic properties intermediate between those of elastic and
oxytalan fibres . Studies of elaunin distribution in hyaline cartilage show that they are of located
in a transitional zone between elastic and oxytalan fibres (Cotta-Pereira et al , 1984 ) .
It is conceivable that the peripheral rim of cartilage seen in the ossified trachea ring of the
domestic fowl constitute the chondrogenic layer which may contain rlaunin fibres. However
whereas the ossified cartilages have been in the centre , the intermediate syringeal and
bronchosyringeal cartilages may have oxytalan fibres situated more deeply in the cartilaginous
matrix . During vocalization, tension in the lateral tympaniform membrane of the domestic fowl
would tend to to compress the intermediate syringeal cartilages. The cuff of elastic fibres of the
perichondrium would confer upon the lateral tympaniform membrane a large degree of
flexibility, and at the same time transmit the compressive forces onto thr intermediate syringeal
cartilages.

In order to resist these compressive forces would endow the intermediate syringeal

cartilages with an ability to gradually resist these stresses. Therefore it is germane, that this
arrangement of the elastic fibres system in the intermediate syringeal cartilages may have a role
to play in the modulation of elasticity in the lateral tympaniform membrane during vocalization.
SOFT STRUCTURE
It is believed that the paired medial tympaniform membrane is universally present in
songbirds and in the over – riding majority of the other species.

Among the deuteron-oscines,

It is present at least in Eurylaimidae and in furnarioridea (the tracheophones) (Ames 1971).
However, there is a evidence for it‟s absence in those few cicooniform species (storks, spoonbills
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and ibis ) which have a tracheal type of syrinx where in the bronchial rings are complete (King
1989 ) .
In all birds the syrinx is suspended within the clavicular air sac and therefore the media
surface of the medial tympaniform membrane faces into the lumen of the pressures within that
air sac. Consequently the membrane is exposed directly to the pressures within that air sac. The
generation of sound depends in part on the relationship between air flow through the syrinx and
the relationship between air flow through the syrinx and the pressure in the surrounding air sac
(Stein 1968; Gaunt and Gaunt 1985b).
In many birds there are one or more lateral tympaniform membranes and when these are
present they contribute in some species to the anatomical relationships of the medial
tympaniform membrane, Typically as shown in the domestic fowl the lateral tympaniform
membrane lies either slightly but distinctly rostral to the medial membrane the actual level of
the cranial end of the medial tympaniform membrane . In a few species the two membranes are
not only situated on the same level but are so closely apposed that the airway is very narrow at
this point as in some anseriforms (Ruppell 1933, King 1989) in the bronchial syrinx of steatornis,
in the whistling swan the airway is again very narrow but the two membranes are not wholly
apposed to each other (King 1989).
This study has demonstrated in the domestic fowl that the left and right lateral
tympaniform membrane are directly apposed to each other at the cranial narrow part and also
directly apposed caudially to the left and right medial tympaniform membranes. These
apposition of the membrane in the domestic fowl were also emphasized by other workers (Gross
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1964; Gaunt et al 1976). Such relationships may allow the medial and tympaniform membranes
to be imposed into the air stream and as stated by Gross (1964a) and Guant et al (1976) such
imposition could produce sound. In the passerine birds however this study has demonstrated that
the medial tympaniform membrane is not apposed by another vibrating membrane but by either
the lateral labium or the lateral wall of the bronchial part of the syrinx.
The medial tympaniform membrane is often related caudally to the interbronchial
ligament or bronchidesmus. This has been demonstrated in this study both in the domestic fowl
and the passerine birds . this ligament has also been confermed in other passerine birds such as
the blackbird (warner 1972b ). It has also been confirmed in this study that the medial
bronchiairmed in this study that the medial bronchial wall caudal to the medial membrane in the
domestic fowl is completed by the medial bronchial ligament. Warner (1972b) confirmed it‟s
presence in other passerine birds and further described it as narrow and thick, sometimes seen to
attach to the oesophagus. In addition, he noted this ligament to consist of mainly connective
tissue and bands of smooth muscle which presumably help to maintain tension in the medial
tympaniform membranes (Warner 1972b).
The anatomical characteristics of the lateral tympaniform membrane are less clear than
those of the medial tympaniform membrane. This is partly because in some or even many
species it is more difficult to fit the term “tympaniform membrane “to the lateral structure. The
term “membrane “is gross and microscopic anatomy is used for a thin sheet with free surface on
both sides (e.g tympanic membrane of the ear) but it is also applied to a structure of which only
one side has a free surface the other being attached to deeper structures (e.g the visceral
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peritoneum is a serous “membrane “which is attached to deeper structures of the gut wall ) . The
term “tympaniform “ is derived from the Greek tympanum , a drum and therefore implies a this
sheet with a free surface on each side (like the ear drum ) . This is concordant with the
definition given in the classical account of the anatomy of the syrinx . Garrod (1873) assigned
the term “membrane “ to a thin sheet suspended between cartilage elements .
In many non-passeriform birds the lateral tympaniform membrane of the syrinx is indeed
a thin sheet with two free surfaces. On the other hand, in many other birds including
columbiform and passeriforms, there is no comparable drum –like sheet and therefore the term
“tympaniform “is less suitable in such species (Warner 1972a). Nevertheless, it has been used
by some authors in passeriform species is much thicker than in non-passeriform species. A
further difficulty is that this thickened part is virtually continuous with another thickened area,
the lateral labium, which projects into the lumen of the syrinx (Gaunt et al 1973).

Authors

disagree as to whether these are two discrete structures or one and the same thing.
Ruppell (19330 ) , Warner (1972a ) and Gaunt et al (1982 ) all agreed in identifying a
lateral tympaniform membrane in columbiforms at least on their diagrams but the latter two
authors made it clear that it consists of thick connective tissue . A similar structure was
demonstrated in the lateral wall of the syrinx in the thrush nightingale. However due to lack of
experimental evidence, one cannot continue speculating on the role of this area in avian
vocalization.
This study has demonstrated that in the domestic fowl , that the anatomy of the lateral
tympaniform membrane is again complicated by it‟s relationshipsto the intermediate syringeal

128

cartilages.Like Gross (1964a) and Guant et al (1976) this study on the domestic fowl adopted
Myers‟ (1917) textual definition of the lateral membrane . Thus the lateral tympaniform
membrane which extended from the caudal end of the first bronchosyringael cartilage consisted
of two portions: a cranial cartilaginous portion and a caudal membranous portion.
Many authors including setterwall (1901) Greenwall (1968) , chamberlain et al (1968 ) ,
Stein (1968 ) and Gaunt et al (1973) have identified the lateral tympaniform membrane as the
thickened region in the lateral wall of the passerine syrinx , some of these workers even placed it
precisely between the second and the third bronchial half rings.
Whilst recognizing that other authors have used the term for this region of the
passeriform syrinx , Ames (1971 ) rejected it as inappropriate . Warner (1972b) frankly
considered there to be no membranous areas in the lateral wall of the passerine syrinx,
confirming that the wall here is thickened by a mass of loose connective tissue , forming a
prominence, the lateral labium opposite the medial labium which lies rostral to the medial
tympaniform membrane . Nottebohm and Nottebohm (1976) considered only two sources of
sound in the syrinx of the canary, which they regarded as typical of song birds, namely the left
and right medial tympaniform membranes. These authors made no mention of a lateral
tympaniform membrane, thus implying support for Warners (1972b) view that there is no such
membrane in the passeriform syrinx. While describing the function of the tympaniform
membrane to the passerine syrinx, Brackenbury (1989) also avoids the term lateral tympaniform
to the passerine syrinx..
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This study has shown that the medial tympaniform membrane in the domestic fowl and
the passerine birds is remarkably thin, being hardly visible to the naked eye. This membrane has
been demonstrated to have a mean thickness of 15um and 85um in the passerine birds and
domestic fowls respectively. Similarly, it was noted that the membranous lateral tympaniform
membrane of the domestic fowl has an approximate thickness of 40um. The relative thinness of
these membranes have been confirmed by the microscopic studies of the syrinx in the passerine
birds by setter wall (1901) and Warner (1972b and in the domestic fowl by Myers (1917). Much
of these histological literature was reviewed by casey and Gaunt(1985)who concluded that the
medial tympaniform membrane is typically 5 to 20 un thick in an Anthus species and Warner
1972b estimatedthe vibratile portion of the membrane to be generally no more than 8 to 15um
thick in many passerine species. Lockner and Youngren (1976) found that in Anas the membrane
became thicker with each especially in the male ranging from 17um in duckling a few days olds
to 43 um I a 57 year old female and 71 um in a 45day old male.
In the adult male of Anas, Warner (1971) estimated the thicknessto be about 750 um
compared with 40 um in the female. The membrane is also thick in the orange winged parrot
ranging from 100 to 500 um, and is lined by cuboidal glandular epithelium (Nottabotim 1976).
Such a lining argues against this being a vibrating membrane.
Casey and Gaunt (1985) showed the membrane to consist generally of three laminae,
namely, a sheet of connective tissue in the middle and a lining of simple squamous epithelium on
each side (or low cuboidal according to setterwall 1901), at the edges and also near the centre the
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epithelium becomes thicker. In the domestic fowl, the simple squamous epithelium gradually
reverts to a ciliated columnar appearance at the borders (Myers, 1917).
Light microscopy as revealed that in contrast to the other areas of the respiratory system
the syringeal lumen is lined by compact stratified squamous epithelium. This was noted to be
particularly evident in the domestic fowl. In contrast to the medial tympaniform membrane, the
lateral tympaniform membrane of the domestic fowl was characterized by a thicker epithelium.
In addition, the cranial portion consisted of numerous epithelial pegs and ridges. Epidermal
pegs and ridges have been known to have a mechanical function in the anchorinr of the
epidermis firmly to the dermis diring walking (Gontier 1987, Gichangi 1989, Mokaya 1990).
Similarly, it is proposed here that the epithelial pegs on interlocking with the
corresponding projections of the luminal tunica propria may serve to enhance the anchorage of
the epithelium during vocalization. This ensures that the epithelium is not stripped off when the
lateral tympaniform membrane is vibrating. The electron microscope revealed that the
epithelium of the tympaniform membranes of the domestic fowl and the bulbul were
characterized by numerous distinct desmosomes, hemidesmosomes and tight junctions.

In

addition to these junctional complexes, electron microscopic observations in this study also
demonstrated microvilli on the lightly staining apical cells of the serasal and luminal epithelia of
the tympaniform membranes.
Microvilli are small finger-like processes which characterize the apical surface cells
specialized for absorption. In contrast to the findings of Leeson et al (1985), the observations in
this study have shown that these cells need not be only luminal apical cells but also serosal apical
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cells. In many epithelia, particularly high cuboidal and columnar types, numerous microvilli and
of regular dimensions from a brush or striated border are visible with the light microscope.
Microvilli have hence been stated to play a major role in increasing the absorption surface area
(Leeson et al, 1985).
The surface of cells may also often be increased by numerous infolding of the basal
plasmalemma. Between cells, for example at the lateral borders, adjacent plasma membranes
are usually separated by narrow gap of about 20 nm. Occationally the intercellular space is noted
to form” intercellular canals “, usually with microvillus or pseudopodials projections of adjacent
cells into the intercellular space (Leeson et al, 1985).
However, whereas the interface may be straight and regular with adjacent plasmalemmae
parallel, often it is highly irregular with a system of interlacing tongues and grooves.

This is

termed a “Jig-saw” or “Zipper” interlocking and it is in an important factor in cell adhesion
(Lesson et al, 1985). Other specializations of the cell surface include tight junctions (Zonula
occludens) and desmosomes that appear as small densities scattered along cell interface (Skerrow
and Matoltsy, 1974; Alberts et al, 1973; Hopkins, 1978; Campbell, 1987).
It is proposed in this study that whereas the tight junctions would seal intercellular spaces
so as to ensure that substances taken through the cell layer are selectively absorbed, the
desmosomes would provide firm intercellular attachment, while the prominent basal lamina
observed, would act as a difficult barrier for rapid ion exchange. Apart from selectively changing
the molecular and ionic diffusion rates, the basal lamina, via the hemidesmosomes demonstrated,
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would also provide a firm anchorage of the epithelia to the underlying connective tissue during
vocalization.
In an earlier study, Walsh and Mclelland (1974a) demonstrated for the first time in birds,
the presence of a small number of epithelia cells characterized by a amine-containing type of
granule. These epithelial cells appeared to be more numerous in the syrinx and in particular on
the medial bronchial wall than in the trachea.

These workers went further and suggested that

these cells belonged to the APUD system of endocrine cells. Therefore the cells were capable of
taking up amino acid precursors, decarboxylate them intracellularly and store the resulting
amine. In animals, it has been evidenced that the granular cells of the pulmonary
neuropithepithelial bodies are chemoreceptor cells which are stimulated by hypoxia in the
airways to secrete their content of granular vasicles across the basal lamina of the epithelium.
This has been acclaimed to be responsible for the well-established hypoxia-induced pulmonary
vaso-constriction that occurs in mammals (Lauweryns et al, 1973).Walsh and Mclelland (1974a)
postulated that the direct contact that exists between the granular cells in the avian etrapulmonary epithelium and the airway lumen may too be modulated by the gaseous content in the
airway (Walsh and Mclelland 1974a). However this study failed to demonstrate the presence of
the so-called “granular cells” in the tympaniform membranes of the domestic fowl or the bulbul
bird.
Walsh and Mclelland (1974a) further demonstated the presence of an intimate
relationship between one of the granular cells and an intra-epithelial axon similar to that reported
in the avian lung by cook and King (1969) and in the mammalian respiratory tract by Lauweryns
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et al (1973). Hung et al (1973) and Jeffrey and Reid (1973). However, they could not determine
whether this innervations was a afferent or efferent.
This study has demonstrated a regional variation in the content and distribution of elastic
fibres and fibroblasts. Observation with the light microscope have revealed that the domestic
fowl has a syrinx characterized generally by a fine network of collagen and elastic fibres formed
by the fusion of the submucosa and luminal tunica propria, whereas the cranial and the caudal
ends of the lateral tympaniform are characterized by an expanded submucosa, the distal ends of
the medial tympaniform membrane display a thin submucosa.

In addition, numerous blood

vessels were observed in both ends. One may ponder about the role of the numerous blood
vessels in such an expanded sub-mucosa in the tympaniform membrane and more so, their
intimate relationship with the numerous surrounding mast cells.
According to Kobayasi et al (1968). Mast cells have been known to have a tendancy of
occurring in small groups in close relation to blood vessels. They are characterized by large
cytoplasmic granules averaging 0.5 um in diameter. Mast cells are said to produce an anticoagulant similar to heparin (Burwen and satir, 1977). Similar evidence has demonstrated that
mast cells also secrete histamine and serotonin, a vasodilator and a vasoconstrictor respectively.
In addition, mast cells release other pharmacologically active mediators, such as the eosinophil
chemotactic factor of anaphylaxis (ECF-A), leukotriene c, previously called slow reacting
substance of anaphilaxis (SRS-A), and the platelet activating factor (PAF) (Caulfield et al, 1980).
The release of the chemical mediators from mast cells promotes allergic reactions known as
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“immediate hypersensitivity reactions including such phenomena as edema, shock, pain,
hypercoagulation and fever” (Lesson et al, 1985).
From the foregoing, this study proposes that on stimulation, mast cells can release
chemical meditors which can cause the blood vessels to vasodilate. In addition these mediators
can cause blood capillary extravasation which may lead to some form of temporally submucsal
oedema in the syrinx. This would be more pronounced in the areas characterized by an
expanded, vascularized submucosa and a narrow lumen, such as the rostral portion of the
cartilaginous tympaniform membrane and the labia. It is hereby postulated that the arrangement
of these component in the tympaniform membrane may play a major role in the regulation of the
syringeal aperture and hence axiomatic in avian vacuolization. However, whereas the loose
network of collagen and elastic fibres in the expanded submucosa ends of the laterak
tympaniform membrane of the domestic fowl would allow the above mechanism to take place,
one may question on how the structural arrangement of the connective tissue fibres in the labia
may subserve this mechanism in the passerine birds.
It has been observed that, in contrast to the domestic fowl, the connective tissue sheet of
the medial labia and medial tympaniform membrane of the bulbul bird was characterized by fine
collagen fibres arranged in an non-geometric, scissorial alignment. These collagen fibres were
compartmentalized by an unterlacing network made up of a fine amorphous and fibrillar-like
material. The amorphous material was presumed to be ground substance. Electron microscopical
observations revealed the presence of a large blood capillary embedded right in the center of the
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caudal portion of the medial labium. The blood capillary was surrounded by a fine amorphous
material presumed to be elastic tissue.
Elastic fibres have been known to have a low modulus of elasticity and can therefore
withstand elongation without losing the ability to return to the original form (Ayer, 1964; Ross
and Bornstein, 1970).

This recoverable extensibility has been attributed to the relatively high

content of non-polar amino acids in the primary structure of elastin (chuapil, 1967). Thus elastic
fibres are frequently found in areas subjected to periodic and /or continuous mechanical stresses,
the manner by which they respond to these tresses being determined to some degree by the
orientation of the constituent fibre (Ayer, 1964; sanderg, 1976), collagen fibres on the other
hand, are known to provide tensile reinforcement along the direction in which they are oriented
and Glagov, 1964; Huskins and Apolen, 1985). It is also known that collagen fibres owe their
properties not only to their chemical composition, but also the physical arrangement of
individual molecules and fibrils (Gross, 1961; Walji, 1984). Thus the physicomechanical
properties depend on the molecular structure, overall disposition of collagen fibres and the
presence of elastic fibres (Gichangi, 1989). It is plausible that the multi-directional nature of
collagen fibres demonstrated in the connective tissue sheet of the medial labium and medial
tympaniform membrane in the passerine syrinx, may ensure accommodation of the multdirectional forces likely to be generated during vocalization.
Ground substance of the extra-cellular matrix consists mainly of hydrated
mucopolysaccharides like glycosaminoglycans and proteoglycans (Hay, 1981). It is not a
homogenous structure in that many different varieties exist in different tissue. Ground structure
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is important in influencing the metabolism and development of connective tissue cells,
calfication of matrix, diffusion of nutrients and migration of cells (Bornstein et al 1978). It
absorbs large amount of water to form a hydrated gel which with collagen forms“elastic
“compressible material which can accommodate compressive forces and impart shock absorbing
properties to a tissue (Silbert, 1978; Scott, 1980; Lindhal et al, 1978). Several workers have
noted that ground substance does not affect the tensile properties of the fibres elements, although
it stabilizes collagen molecules (Wood, 1954; Scott, 1980). However,it has been shown to affect
the viscosity and plasticity of the tissue (Viidik, 1973a,b). From the foregoing, it can be inferred
that in the passerine syrinx when the blood capillary gets filled up, the surrounding elastic tissue
and hydrated gel(the latter formed by the collagen fibres and ground substances) undergo a
certain degree of stretch which cause the membrane to also increase in size. The multidirectional
or scissorial arrangement of the collagen fibres would limit the excessive enlargement of the
blood capillary, Thus the presence of elastic tissue, the hydrated gel, coupled with the
multidirectional arrangement of the collagen fibres, would conceivably impart to the connective
tissue sheet graded mechanical properties, significantly in the regulation of the syringeal
aperture. Pertiment to this is the suggestion that elastic fibres in the body may have a tensioregulative role (Mungel, 1963; Kimani, 1979; Walji, 1984; Ogeng‟o, 1986).
Studies of the male reproductive system have shown that, the formation of elastic fibres
occurs when the ductus deferens becomes functional at puberty (Panigua et al, 1983). It was
proposed that the elastic fibres in the lamina propria of the ductus might participate in peristaltic
movement and may therefore provide elastic recoil of the ductus, following contraction and
dilatation at ejaculation (de kretser et al, 1982; Paniguaet al, 1983; Chokwe, 1990).
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Other studies have suggested that in all those situations where there is compartmentation
of tissue components, a role of shock-absorption may be assigned (Kimani, 1984). Whereby the
stretch is being allowed by elastic fibres and limited by collagen. Therefore, it was proposed that
the elastic fibres return the components to the undeformed state after withdrawal of the
deforming forces. Such a function has been said to impart a protective role to the connective
tissue system of the orbit in eye trauna (Bergen, 1982) and of the human foot during locomotion
and /or prehension (Kimani, 1984; Gontier, 1987; Mokaya, 1990).
In proposing a triphasic system, Gontler (1987) suggested that the adipose tissue with its
property of shock-absorption may constitute the third component, the others being collagen and
elastic fibres. He proposed that on compression during locomotion and/or prehension, the fat can
spread out in all direction in the compartments, this being allowed by the stretching elastic fibres
and reorientation of the collagen fibres which when fully stretched limit further distensions. It
was thus noted that the limit of infinite spread of fat by collagen fibres confers a protective role
of the underlying structure (Gontler, 1987; Mokaya, 1990). However, other studies have shown
that the bony structure of the feet of non-human primates do not show the characteristic arches of
the bipedal man which provides primary protection to the soft tissue of the volar skin.
It has been suggested by Gichangi (1989) that the lack of prominent arching may be
related to the grasping function of the vervet monkey and olive baboon foot. It was therefore
proposed that in contrast of the human foot the preponderance of collagen fibres with few elastic
fibres in these cercopithecines would provide the primary protection to the foot soft stractures.
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However as pointed out by Walji (1984), the predominantly extensibility rather a convoluted
organization of collagen fibres may impart a significant degree of extenibility.
Cotta-pereira et al (1976) demonstrated in the human skin that immature and mature
elastic fibres are usually found at the superficial and deep layers of the dermo-epidermal junction
respectively. A similar organization was demonstrated in the foot of non-human primates
(Gichangi, 1989) and in the human vocal cords (Bonnaure- mallet and Lescoat, 1989). These
authors suggested that, because of their high content of elastin, mature elastic fibres act as shock
–absorbers during stretch or compression whereas the immature elastic fibres are related to
mechanical resistance (cotta-pereira et al, 1976; Gichangi, 1989; Bonnaure-mallet and Lescoat,
1989).
Light microscopical observations have revealed that the elastic fibres content of the
intercartiligenous connection in the lateral tympaniform membrane was most prominent,
particularly towards its rostral and caudal attachments. The intercartilagenous connection of the
medial tympaniform membrane on the other hand showed a preponderant increase in thickness
and elastic fibre content in a cranio-caudal direction. In addition, the collagenous serosal tunica
propria of the medial tympaniform membrane showed a preponderant increase in size towards
the inter-bronchial ligament. Ultrastructural studies showed that the submucosa and luminal
tunica propria of the caudal portion of the membranous lateral tympaniform membrane consisted
of predominantly numerous uniformly distributed microfibrils and a few clumps of immature and
mature elastic fibres intimately associated with fibroblasts. A similar arrangement was seen in
the submucosa of the cranial portion of the medial tympaniform membrane. However in the latte,
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the luminal tunica propria was distinctily characterized by an admixture of longitudinal and
transverse elastic fibres interspersed with a few lymphoid cells.
One of the most significant ultrastructural findings was the presence of numerous
fibroblast and compactly arranged reticular fibres intimately related to the fibrocytic processes,
in the incartilagenous connection of the tympaniform membraneof the domestic fowl,
interspersed within this arrangement where a few collagen, immature and mature elastic fibres.
Moreover, whereas the caudal portion of the medial labium of the bulbul birds was characterized
predominantly by collagen fibres, the vibratile medial tympaniform membrane was characterized
by numerous fibrocytic processes which separate the fine collagen fibres into different
compartments.
Elastic fibres and /or elastin related components have been assumed to provide the
compressive pre-stress necessary to hold collagen fibres in the folded state (Oakes and Biakower,
1977; Fasana, 1973; Walji, 1984). Oakes and Bialkower, (1977), while studying the elastic wing
tendon of the domestic fowl contended that the initial pre-stress during early morphogenesis of
the wing-tendon is presumably maintained by fibroblastic network but at maturity, it is provided
by elastin. Support for their suggestion comes from the fact that it has been shown that fibroblast
are contractile and can exert stress within a matrix (James and Taylor, 1969; Ryan, 1973).
Further, their study showed that treatment of the mature tendons with the enzyme elastase led to
a gradual elongation of the collagen fibres meaning that the enzyme removes the predominant
factor maintaining the pre-stress (Oakes and Biakower, 1977).

140

The intimate co-existence between collagen elastic fibres and fibroblasts seen in the
intercartilagenous connection of the domestic fowl and the vibratile medial tympaniform
membrane of the bulbul, accords well with the general consensus that collagen is never found by
itself in tissues (Harkness, 1968). It is conceivable that the fibroblasts in conjunction with the
connective tissue fibres possess an elasticity modulus that exceeds that of the weaker fibroblast
and an ultimate strength greater than that of the stronger collagen.
From the foregoing, it is proposed that, in the domestic fowl during vocalization the
initial stresses are transmitted from the luminal epithelium to the immature elastic fibres found in
the luminal tunica propria and submucosa. The few mature elastic fibres in the luminal tunica
propria allow a limited degree of longitudinal movement of the overlying stratified squamous
epithelium during increased vibrational stresses. The stresses from the immature elastic fibres
and pre-elastic fibres are than transmitted onto the other more flexible intercartilagenous
connection. Thus, whereas the elastic fibres and fibroblast in the intercartilagenous connection
fibres in the serosal tunica propria allow a considerable amount of flexibility, the collagen fibres
in the serosal tunica propria would act as a damping mechanism to prevent excessive vibration.
The stressful forces are finally transmitted to the stronger rigid cartilaginous framework and
ligaments.
Functional correlations
From the experiments on anaesthetized House sparrows and freshly killed sterlings,
Miskimen (1951) concluded that sound production in the passerine syrinx result from the
vibration of the medial tympaniform membranes. Stein (1968) found this view to be consistent
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with his analysis of passerine vocalizations. It was also accepted for passerine by Gaunt et al
(1973) and Nottebohm (1976). Greenwalt (1969) seemingly referring to both passerine and other
birds in general, stated that the medial tympaniform membrane “appears without question to be
the primary vibrating element.” However, in the domestic fowl and probably in some other nonpasserine species, the lateral tympaniform membrane is believed to be the main source of sound
production. This has also been suggested for the common crow (Charmberlain et al, 1968).
Gaunt et al (1973) and Gaunt (1985b) affirmed that in passerines the tension in the
medial tympaniform membrane is controlled by the syringeal musculature. They also supported
the concept that a basic part of the mechanism of sound production in syrinxes which have
intrinsic muscle is direct constriction of the syringeal airway. It is believed that this is achieved
by rotation of a skeletal element and of associated soft tissue into the syringeal lumen by muscle
action (fig D6) (Charmberlain et al, 1968; Brackenbury, 1989). The relaxed membranes then
bulge into the lumen and the medial tympaniform membrane is set into vibration by air steam.
They called this the “active closure model”, and believed it to be important for passeriforms, and
also for parrots in passerines, the rotating skeletal element is the third bronchosyringael cartilage,
and the associated soft tissue is the lateral labium (Charmberlain et al,1968).
In the Mallard the syringeal mechanisms differ radically in the two sexes, according to
the sexual dimorphism of the syrinx (Lockner and yougren, 1976). The female syrinx lacks the
bulla and is bilaterally symmetrical, and the medial tympaniform membrane is relatively thin.
Caudal movement of the syrinx by the sternotrachealis and cleidotrachealis muscles relaxed the
left and right medial tympaniform membranes. Each membrane then bulges into the lumen of the
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Fig. D6 Semidiagramatic longitudinal sections of the songbird (passerine) syrinx. The syrinx is
in the normal respiratory position on the left and in the sound-producing position on the right.
contraction of the syringeal muscle (SM) rotates the third bronchosyringeal cartilage (B3)
anticlockwise as shown by the arrow, thereby constricting to the medial labium (ML) and the
medial tympaniform membrane (MTM). B1,2, first and second bronchosyringeal cartilages;
P;Pessulus. Modified from Brackenbury (1989).
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syrinx and is induced to vibrate by the expired air stream. In principle, this mechanism
resembles the “passive closure model „of Gaunt et al (1973), typified in the syrinx of the
domestic fowl. In the male syrinx of the Mallard, there is a bulla on the left side and the medial
tympaniform membrane are very thick (Lockner and Youngren, 1976).
Warner (1971) also described the syrinx of the Aythya fuligula. The general structure of
the membrane in this anatid resembles that of the mallard (Anas ), but there are several
differences in the male. The left medial tympaniform membrane (180-20um) is much thicker
than the right (20-40um), being heavily reinforced by elastic tissue.
Although the role of the medial tympaniform membrane as thus far been widely regarded
as producing sound in many birds of vibration, Gaunt et al (1982) have suggested that the
function may be to produce sound by turbulence (thus constituting a whistle ) rather than
vibration. On the basis of observations on the syrinx of streptopelia, their proposition is that
contraction of the sternotrachealis and tracheolateralis muscle converts the syringeal wall
(including the medial tympaniform membrane) into a shape which produces the necessary
turbulence.
The observation in this study on the syrinx of the bulbul bird showed the structure of the
medial labium to consist of a connective tissue stroma very rich in elastic fibres covered with a
stratified squamous epithelium, except for the small area adjacent to the pessulus which is lined
by simple squamous epithelium. A similar finding was observed in other passerine syringes by
Setterwall (1901).
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It has been thought that the medial labium may be too intimately associated with the
medial tympaniform membrane to allow it to operate independently. However, as stein (1968)
suggested, the syringe muscle may be able to simultaneously stretch the membrane and change
the form of the labium.
Greenwalt (1969) viewed the lateral labium as a mechanism for modifying the caliber of
the syringeal lumen and hence for varying signal amplitude without altering frequency. He also
suggested that a shift in the position of the lateral labium would change the value of the threshold
frequency below which harmonics appear. The further it projects into the bronchial lumen, the
higher the threshold frequency. Nottebohm and Nottebohm (1976) believed that the position of
the lateral labium presumably combines with the Bernouilli effect, the pressure in the clavicular
air sac. The tension and elasticity of the medial tympaniform membranes and the configuration
of turbulence, to determine the pattern of oscillation of the medial tympaniform membranes, and
hence the amplitude and frequency of the sounds produced.
The passerine syrinx has been suggested as to function as a nozzled valve (Gaunt and
cells, 1973; Gaunt et al, 1976). Such a valve would separate air sacs from the trachea and thus
provide a sharp gradient for converting mechanical energy (pressure) into sound energy. The
most likeky mechanism for actively controlling the calibre of the syrinx would be an inward
rotation of the lateral labium and associated structures into the syringeal lumen (Gaunt et al,
1973). Whilst conceding that the exact nature of the valve in the passerine is not known, Gaunt et
al (1976) regarded the lateral labium as an appropriate structure to act as a valve, or at least to
constitute a portion of a valve (fig, D6). They viewed the function of the valve as being to
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increase the loundness of a call while reducing the volume of gas employed. It would follow that,
birds possessing a labium would require relatively less gas for prolonged vocalization that those
without it.
From the foregoing, it may be concluded that the valvular efficiency of the syrinx in
passerine birds appear to be much greater than that in the domestic fowl. This conclusion is
supported by the observation that tidal volume increase by only 35% during vocalization in the
common starling (Gaunt et al, 1973) but by 5-10 times in the domestic fowl nad domestic goose
(Brackenbury, 1978a). The syrinx of the swiftlet also seems act as an efficient valve during
vocalization (Suthers and Hector, 1982). Whereas click production forced the air sac pressure
from a normal resting valve of 1.5cmH2O to 17cmH2O, the tracheal pressure remained unaltered
at 0.1cmH2O. The lateral labium also seems to be involved here, but since syringeal muscle are
absent in this species the intrusion of the lateral labium into the syringeal lumen may be due to
the action of the sternotrachealis muscle (Suthers and Hector, 1982). However, one may ponder
on whether there is any relationship between the clavicular air sac pressure and the sound
produced by the syrinx.
Gaunt et al (1976) envisaged two stages in the sound production process: first,
compression of the air sac, increasing both pressure and air flow; secondly, following these
events, the imposition of the tympaniform membranes either by the Bernouilli effect or by the
action of the muscle of the syrinx, or by a combination of both, Gaunt et al (1976) also
considered it unlikely that high airflow rates per se would normally be sufficient to induce
vocalization, since they had on occasions observed high tracheal pressures which were not
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accompanied by sound. This conclusion assumes that on occasions the glottis was dilated and
therefore high tracheal pressure implied high tracheal air flow. However, this is not necessarily
the case in the domestic fowl, for instance, contraction of the abdominal muscles during
defecation produces very large increases in air sac and tracheal pressure but tracheal air flow is
zero since the maneuver is performed against a closed glottis (Brackenbury, 1976a).
Clucking sounds in the domestic fowl appear to be produced by a series of pant-like
breathing moments superimposed upon a single operation (Brackenbury, 1978a). The
resemblance to panting was made even more evident when the birds vocalized during heat stress;
then breathing was already rapid and shallow (thermal polypnea), so that when clucking occurred
the respiratory rhythm remained unbroken although the mean expiratory pressure was raised. A
model for this type of compound breathing pattern consisting of a rapid oscillatory wave can be
found in the thermal panting mechanism described by Ramirez and Berstein (1976) in Columba.
Gaunt et al (1982) attempted to analyse the various methods of modulation employed
during sound production in the Ringed Turtle Dove (streptopelia risoria). The production of the
coo note I this species involves at least three different modulatory mechanisms. First, the
warbled section of the coo appears to be produced by the pulsatile contractions of the abdominal
muscles leading to pulsations of air sac pressure and tracheal air flow; secondly vibration of the
lateral tympaniform membranes under the action of aerodynamic forces (intrinsic syringeal
muscle are lacking) results in a rhythmical variation in airway diameter leading to further
amplitude modulation;and thirdly, the two sides of the syrinx produce slightly different sound
frequencies, with the formation of beats.
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On experimental grounds, Gross (1964a, b) proposed that in the domestic fowl, the left
and right lateral tympaniform membranes are in major source of sound production. Youngren et
al (1974), Gaunt and Gaunt (1977) and Brackenbury (1989), all accepted this conclusion. The
mechanism by which sound is produced in this species is believed to depend on close mechanical
anatomical apposition of the lateral tympaniform membranes to each other and to the
medialtympaniform membrane.
As outlined by Gaunt et al (1976), the mechanism of vocalization in the domestic fowl
begins by the relaxation of the membranes when the tympanum is drawn caudally by muscle
action. The muscles involved are tracheolateralis and sternotrachealis. The relaxed membranes
are able to move into the air stream. This movement is caused by the pressure differential
between the air sacs and the tracheal. The differential arises from the Bernouilli effect created by
rapid movement of gas through the syrinx, and perhaps to a lesser extent (Gaunt et al,1976)
because of the higher pressure in the clavicular air sac which tends to push the membranes into
the syringeal lumen (Youngren et al, 1974; Brackenbury, 1989). The rapid movement of air
between the closely apposed membranes causes them to vibrate, thus producing sound.
It has however been pointed out that, this mechanism applies only to species in which the
anatomy of the syrinx is “essentially similar “to that of chickens (Gaunt et al, 1985b).
Anatomically, the syrinx of the domestic fowl is complicated by its relationships to the
tracheosyringael cartilages, four of which are embedded in the lateral tympaniform membrane,
thus making the membrane unusually extensive. However, syrinx such as those of strix aluco,
Anser anser and steatornis caripensis, appear to be essentially similar to the syrinx of the
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domestic fowl, since they all have thin extensive lateral and medial tympaniform membrane
which are anatomically capable of close apposition (King, 1989). In anaesthetized specimens of
steartons, Suthers and Hector (1985) directly observed the required relaxation of the lateral and
medial tympaniform membranes. This relaxation is caused by muscle action (e.g by
sternotrachealis muscle) which streaches thetrachea allowing the cranial part of each bronchus to
move caudally.
This permits the lateral tympaniform membrane to fold into the syringeal lumen towards
the medial tympaniform membrane. Bernoulli forces are then presumed to provide a passive
adductive force which causes the medial and /or folded laterall tympaniform membrane to
vibrate. The sounds thus produced in this species include both echo-locating clicks and social
squawks. During artificial air flow through the syrinx of a freshly killed Bubo species, Miller
(1934) observed that when the syrinx was drawn caudally by muscle action, the lateral
tympaniform membranes became so deeply folded into the lumen that they contacted the
opposing medial tympaniform membranes. This included vibration in the medial and perhaps
also in the lateral tympaniform membranes.
The term “passive closure” has been employed to describe the above mechanisms, in
which constrictions of the lumen and the syrinx depend solely on the inward movement of
relaxed membranes, aided by Bernouilli effect) Gaunt and Gaunt 1985b). These workers believe
that such passive closure occurs in all syrinxes that possess extrinsic syringeal muscles only
(muscles attached at one end to the syrinx and at the other end beyond the syrinx) and is
therefore likely to represent the vocal mechanicasm of many non-passerine species (Gaunt et al
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1973, 1985b). In theory however, passive closure could also occur in syrinxes that do have
intrinsic syringeal muscle, such as those of passerines (Gaunt et al 1973). From studies of the
columbiform streptopella risoria, Guan et al (1973) suggested that the thick though flexible
lateral tympaniform membrane found in that species becomes infolded by muscle action. It then
serves to muffle the sound.
As stated above, there has been a general consensus since the work of Mikimen(1951)
that in passerine species. The medial tympaniform membrane is the primary vibrating element.
However,in her experiments of starlings Miskimen (1951) induced vibrations not only on the
medial but also on the lateral tympaniform membrane, by causing rotation of the third
bronchosyringeal cartilage (her “first intermediary bar”). Gaunt an Gaunt (1985b) commented
that opinions as to which flexible component of the passerine syrinx generates sound do vary
wuth author and species.
The psittacid syrinx is considered to lack a functional medial tympaniform membrane and
to utilize the lateral tympaniform membrane for sound production. The mechanism is again
believed to depend on an active closure model. In Myiopsitta the rotating skeleton element is a
paired trachiosyringeal cartilage complex (bronchial shield of Gaunt and Gaunt 1985a). When
the caudal end of this complex is pulled cranially by the superficial syringeal muscle (the
tracheobronchiallis muscle of Guant and Guant 1985a) the cranial end pivots medially and
narrows the syringeal airway. The relaxed lateral tympaniform membrane (and probally the midline tracheosyringeal membrane) can the bulge into the lumen and vibrate, in response to the
bernouilli effect.
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Nottebohm (1976) had previously proposed a similar mechanism in Amazon amazonica.
In this species there is comparable paired tracheosyringeal cartilage element, which is
sufficiently elongated craniocaudally to swivel it‟s cranial end into the airway. Since the left and
right lateral tympaniform membrane of psittacids lie cranial to the division of the airway, these
birds have a one –voice syrinx , in contrast to the two-voice syrinx of passerine
(Nottebohm;1976). Unfortunately, this means that parrots cannot delight us by speaking in two
different voices simultaneously (Gaunt, 1983). Nottebohm (1976) noted that it is not yet
possible to establish whether the psittacid syrinx generates sound by oscillation of the lateral
tympaniform membranes, or by the pursing of their edge producing a true whistle or by both of
these mechanisms.
The finding that each half of the syrinx is independently controlled by the
hypoglossocervical nerve was interpreted by Nottebohm (1971) as evidence of the two- voice
theory of Greenwalt (1968) and stein (1968). The existence of two independent acoustic sources
with the syrinx was deduced form sonographic recordings of birdsongs showing double tones
which were not harmonically related. According to Nottebohm (1971) during normal song each
bronchus may be independently active at different times and the non-singing bronchus is kept
silent by the reduction of air flow through it‟s lumen. At other times, both bronchi may produce
the same note at the same time. This sheds an interesting light on the nature of air flow within the
lung-air sac system. According to Brackenbury (1989) the ability to produce unequal air flow
rates through the primary bronchi presupposes an ability to shunt air from one side of the lungair sac system (say, the right) to the other side (say the left) during expiration. Thus, such a
shunting can only occur through the clavicular air sac, which is the only unpaired air sac in the
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passerine , and thus the only connection between right and left valve of the lung-air sac system
caudal to the syrinx.
Studies have shown that the recorded electromyographic activity of the sternotrachealis
musvle was synchronous with sound production (Gaunt , 1983). The syringeal muscle although
active through vocalization, also showed a superimposed rhythmical activity which was
synchronous with amplitude modulation in the sound envelope (Gaunt and Gaunt 1985). This
provides the first evidence of a major sound modulation that can be attributed solely to the action
of syringeal muscles. Thus it has been suggested that the tracheal muscle tend to work as a
group simply activating (or inactivating) the syrinx, leaving the fine control of individual song
element to the syringeal muscles.
The relative importance of active (muscular) forces and purely passive (aerodynamic)
forces in the control of sound production is still a matter of debate. The account of both
Miskimen (1951) and chamberlain et al (1968) involve a preliminary phase of muscle activity
which bring the membranes into apposition where they can be triggered by aerodynamic forces.
From Miskimen‟s (1951) experiments, however, it is clear that the passive forces alone are
sufficient to trigger sound production. The threshold conditions for membrane- triggering have
been analysed theoretically by Brackenbury (1979) who concluded that the excited membranes
behave like a pair of flutter valves, each cycle of their movement producing a periodic expansion
and contraction of the bronchial lumen. The resultant surges in air flow velocity are effectively
the sound that emanates from theend of the trachea.
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Gaunt et al (1982) have challenged that assumption, accepted by almost every author
since Miskimen (1951), that sound is produced by the vibration of the syringeal membranes.
They argued that in many cases, sound is produced by vortices set up as air is forced through the
infolded membranes. Such “whistled” sound characteristically lacks harmonics and would
explain the preponderance of this kind of sound in songbirds,based on the comparative
spectrographic data of Greenwalt (1968). Gaunt et al (1982) concluded on theoretical grounds
that a conventional model for syringe action based on an edge clamped, freely oscillatin
membrane, would not be able to generate overtone-free sounds although such a membrane could
itself be driven at a single frequency by the primary sound source, i.e. the vortex whistle.
However, they do not dispute that many harsh and broad-band calls are probably produced
directly by membrane vibration. The argument of a membrane versus vortex sound-production
will probably not be resolved for some time since, as Gaunt et al (1982)observed, even the
demonstration that a membrane vibrates with the same fundamental frequency as the sound wave
does not exclude the possibility that a membrane is simply responding to sound produced by a
separate source.
In conclusion, it can be inferred that, only three factor are necessarily to control the
vibrations of the tympaniform membranes in the domestic fowl and in the passerine birds; (1)
Tension in the membranes; (2) Gas pressure in the clavicular air sac; and (3) Gas flow through
the syrinx which provide the motive force for vibration and influence membrane position by the
Bernouilli effect. Apart from the tracheal muscles, membrane tension is determined by the
amount and distribution of the connective tissue fibres and fibroblasts.
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The gas pressure and flow result simultaneously from the pumping action of respiratory muscle.
The tracheolateralis muscle normally exerts sufficient tension on the membranes to prevent them
from interfering with respiration whilst the sternotrachealis muscle reduces membrane tension
and therefore antagonizes the tracheolateralis during calling. Relaxation of membranes then
permits the positive gas pressure within the clavicular air sac to push the membranes firther into
the bronchial lumen to the point at which vibration can be triggered.
This study concludes by suggesting that, any further work on the syrinx should include
morphometric data on the tympaniform membranes. This way, the contribution of each
connective tissue component to membrane tension, may be each analyzed and consequently used
to elucidate further, the biophysics of avian vocalization.
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