Avian Respiratory system                                                        Dr. Khalid

The respiratory system is one of the major systems of the body. It has a number of very important functions including the provision of oxygen, the removal of carbon dioxide, the removal of excess heat(thermoregulation) and vocal communication. The respiratory system is a complex one and while there are some similarities with that of mammals, there are a number of quite significant differences.

Nasal cavity
The openings to the nasal cavity, the nares, lie at the point of the base of the comb on the top beak or mandible. The nasal cavity occupies a triangular shaped space between the nares and the margin of the eye and within the beak. Between the integument and the nasal cavity lie the lacrimal sinuses that empty into the cavity through the lateral wall.
The lateral wall of the cavity has three conchae, or projections, into the cavity:
0. Anterior – of squamous epithelium – a single layer of flattened cells
1. Medial – ciliated columnar epithelium – special cube shaped cells with cilia or hairs that trap foreign material
2. Posterior – olfactory membrane – that gives the sense of smell
Smell, protection and reduction of electrolyte
The odour or smell of any material or object is a result of minute quantities of special chemicals that are detected by the olfactory membrane that in turn sends a signal via the olfactory nerve to the brain where it will be recognised for what it is. The epithelium of the nasal cavity is well endowed with mucosal glands which produce mucous that helps to keep foreign material from gaining entry to the body through the respiratory system. The nasal glands are small and located on either side. Their action is to supplement the action of the kidneys by reducing the electrolyte content of body fluids, especially when the level is higher than the kidneys can handle (electrolyte – common chemical salts e.g. sodium chloride).
The oropharynx consists of Oropharynx (mouth and pharynx)
the mouth and the pharynx that is located immediately behind it. The palate is part hard and part soft. The choanal opening (from the nasal cavity) is the cleft in the palate. The pharynx begins between the choanal opening and the common opening for the auditory tubes and extends to the rear to include that section of the oral cavity carrying the base of the tongue, the tip of which is located in the mouth.
Behind the base of the tongue is found the rima glottidis or opening into the larynx, which is sometimes called the cranial larynx. This opening is located in a conspicuous mound called the laryngeal prominence. The opening into the larynx is a median slit that is supported on each side by the arytenoid cartilages. These are special cartilages with a shape resembling the mouth of a jug or pitcher. It varies in length from approximately 8.5 mm in the female to 11 mm in the male. During gasping while the bird is in a state of respiratory distress it can open to a width of 7 to 9 mm. There are no vocal cords, epiglottis and thyroid cartilages that are normally found in mammals.
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Larynx:
Birds differ from mammals in that the larynx does not have vocal chords and therefore is not involved in voice production. In addition, the small flap of tissue covering the glottis (the epiglottis) is not present. The larynx is at the entrance of the trachea, through the glottis. That located on the midline of the laryngeal mound.     *L.mound is heart-shaped, longer in male, each side bears rows of conical papillae. *The glottis (laryngeal inlet) is supported by artynoid cartilages. Its lead caudally to laryngeal fissure…has tuft of papillae.
*two groups of crico-aytenoid salivary gls in the L. mound:
 1- Lateral laryngeal salivary glands…..in the lateral borders of the mound.
2- Caudal gp of laryngeal salivary glands.
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Laryngeal cavity:
Compressed dorsoventrally by the wings of cricoid cartilage and procricoid. Size in male is bigger than female.
Ventrally…there is a median mucosal ridge projects dorsally from ventral floor.
Vocal folds are absent.
Laryngeal cartilages: 
Four cartilages.
Its consisted from paired arytaenoid single cricoid and procricoid cartilages.
1- Cricoid: (single)
Median.. body ( partly ossified)…two wings (left&right) unit with lateral plates of the body by thin cartilage. but these wings articulate medially with procricoid cartilage by synovial joint (procrico-cricoid joint).
2- Procricoid:   (ossified in adult)
Located in median plane dorsally, its small and comma shaped, articulated also with the left and right arytenoid cartilages (procrico-arytenoid joint).
 3- Arytenoid: (paired)
Only its body is ossified, consist of (body+ rostral and caudal process). The body articulated with procricoid cartilage by synovial joint.
Laryngeal ligaments:
There are four pairs of intrinsic and one pair of extrinsic ligaments.
Muscles:
Two pairs of intrinsic and two pairs of extrinsic muscles.
Trachea:
At midline, cranially ventrally to esophagus, but after 3-5 cm deviated to the right side of neck ventrolateral to the cervical vertebrae. at thoracic inlet and celom…become at midline and ventral to esophagus, trachea is longer in male.
Tracheal cartilages:  
The tracheal rings are vary in number, 108-126...extended from cricoid cartilage to tympanum of syrinx. Each ring is complete circle. The first ring and last four are simple rings. All the rest are signet rings, they have broad part and forming left and right halves alternately overlapping. The wider rings are in the middle third of trachea. Transverse sections show, cranial ring is oval, the rest are circular. The diameter reduces towards syrinx.   
Tracheal muscles:  Three pairs
1- Sterno-laryngeal m.
2- Dorsal & ventral trachea-laryngeal m. (both 1&2 formed cranially the medial sternotrachea-laryngeal m.).
There are another muscle may be included (Sternotracheo-laryngeus lateralis)
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Syrinx:
 The name of the vocal organ of birds. Located at the base of a bird's trachea, inside the celomic inlet, suspended within clavicular air sac.  it produces sounds.
The most recognize feature of syrinx is the lateral narrowing.
Types of syrinx in birds depend on the fact that the trachea only or with bronchi is formed it.
There are four cartilaginous components: 
1- Cranial cartilages (tympanum)…four rings (4 male, 3 female) they are greater in diameter than preceding rings. These close together and their edges joined by dense fibrous tissue.
2- Pessulus
Wedge-shaped cartilage, sharp cranially, that divided tracheal lumen into two bronchi.
3- Intermediate cartilages:
These are four in number for each side. C shaped, their ventral ends attached to the pessulus, while dorsally their ends are free.
4- Caudal cartilages (Bronchial half rings):
C shaped, three in number on each side, the first one attached by its both ends to pessulus. The second attached by its ventral end with the first one. While, the third has free ends.
The first two rings of tympanum, the pessulus and the ventral end of the first caudal bronchial ring are ossified.
Vibrating membranes:
The sound is produced by pair of thin membrane
- Lateral tympanic membrane (or external) on lateral aspect of syrinx.
- Medial tympanic membrane (or internal).
Bronchidesmus…its connective tissue ligament attach the pessulus and the medial bronchial wall to the esophagus and pericardium.
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Lung:
The lungs are paired and are not divided into lobes as they are in mammals. They have very little ability to expand and are attached firmly to the ribs and dorsal body wall.
Birds do not have a diaphragm and therefore rely on pressure changes in their air sacs to move air through the lungs.
The bird’s lung is flattened and rectangular on the roof of celom. The medial border is thicker, the lateral border is thin. The vertebral surface has 5 deep furrows. These caused by 2nd to 6th ribs. On the broad flat visceral surface can see the parabronchi.
- Primary bronchi:
The right and left primary bronchi that arise from the tracheal bifurcation of syrinx enter lung and end at entrance of abdominal air sac. The C-shaped cartilaginous rings are notice from syrinx to the last of the medioventral secondary bronchi.
- Secondary bronchi:
Each primary bronchi give rise to four groups of secondary bronchi:
- Medioventral secondary bronchi.
- Mediodorsal secondary bronchi.
- Latroventral secondary bronchi.
- Latrodorsal secondary bronchi.
Tertiary bronchi: (parabronchi)
The secondary bronchi give off numerous parabronchi that anastomose with each other.
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	avian syrinx
1: last free cartilaginous tracheal ring, 2:tympanum, 3: intermediat group of syringeal rings, 4:pessulus, 5: membrana tympaniformis lateralis, 6: membrana tympaniformis medialis, 7: caudal group of syringeal rings, 8: main bronchus, 9: bronchial cartilage
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