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1.1 Introduction

There are important differences between avian and 
mammalian anatomy as well as between different 
avian species. Comparison should be made between 
the external anatomy of the domestic fowl with 
that of the domestic turkey, domestic duck and 
domestic goose. The anatomical differences are 
matched by adaptations in avian physiology.

Diseases of the alimentary, reproductive and res-
piratory systems are common. An understanding of 
the anatomy and physiology of domestic poultry 
underpins the understanding of the spread of infec-
tion within a flock and the pathogenesis of the 
disease in the individual bird.

The anatomy and physiology of these systems 
are discussed based on Gallus gallus domesticus, 
the domestic fowl.

1.2 The Respiratory System

The respiratory tract consists of the upper airways: the 
nostrils, nasal cavity, sinuses and larynx, and lower 
structures (trachea, lungs and air sacs) (Fig. 1.1).

The nostrils, with the keratinized operculum and 
cartilaginous lamella, open into the nasal cavity, 
containing the rostral, middle and caudal conchae. 
The nasal cavity is separated into two halves by the 
nasal septum. The choanal cleft is a fissure in the 
midline of the palate which connects the nasal cav-
ity with the oropharynx. The infraorbital sinus lies 
laterally and rostroventrally to the eye in the upper 
jaw. It connects with the nasal cavity ventral to the 
caudal concha. The nasolacrimal duct opens rostral 
to the choana and ventral to the middle concha and 
drains lacrimal secretions from the eye. As in mam-
mals the nasal cavity has important olfaction, air 
filtration and thermoregulation functions.

Air passes through the choana to the larynx or 
through the oropharynx in open mouthed breath-
ing to the larynx. The glottis closes reflexly when 
swallowing to prevent feed entering the trachea. 
The trachea is made up of about 120 complete 
signet ring shaped interlocking cartilages that link 
the larynx to the syrinx which is the voice box and 
junction with the primary bronchi that connect to 
the lungs. Branches from the primary bronchi give 
rise to smaller diameter secondary bronchi, then 
parabronchi which connects with the atria. The 
atria are small diverticula that lead to the air capil-
laries which are the site for gas exchange.

The paired, wedge shaped lungs lie dorsal to the 
heart. There is no diaphragm. Consequently, the air 
in the airways of the thoraco-abdomen approxi-
mates atmospheric pressure. The lungs are small 
and non-distensible. The lung can be divided into 
two parts called the paleopulmo and the neopulmo. 
In the former, the airflow is unidirectional whilst in 
the latter it can flow in either direction according 
to the stage of the respiratory cycle.

The primary bronchus extends to the caudal 
edge of the lung linking to the ostia from which the 
abdominal air sac arises. There are nine air sacs in 
the fowl: a single clavicular and paired cervical, 
cranial and caudal thoracic and abdominal air sacs 
(Table 1.1). Their function is ventilation and reduc-
ing body weight for flight. The sacs are lined by a 
single epithelial layer surrounded by connective 
tissue and are very poorly vascularized. The air sacs 
arise from secondary bronchi. The exception is the 
abdominal air sac which has connections with the 
primary and secondary bronchi.

The cervical air sac lies between the lungs and dor-
sal to the oesophagus. Diverticula extend into the 
cervical vertebrae along the neural canal and outside 
to the level of the axis. The clavicular air sac comprises 
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both intra- (around the heart and along the sternum) 
and extra-thoracic (between bones and muscles of the 
thoracic girdle and shoulder joints) diverticula. 
Oesophagus, syrinx, trachea, associated muscles, 
nerves and blood vessels are suspended in the clavicu-
lar or between the clavicular and cervical air sacs. The 
cranial and caudal thoracic air sacs have no diverticula. 

The abdominal air sacs have perirenal diverticula to 
the kidney, pelvis, synsacrum, free thoracic vertebrae 
and femoral diverticula to bones and muscles of the 
pelvic limb.

The poor vascularization and absence of cilia 
make removal of purulent material and treatment 
of this area difficult. This also facilitates spread of 
infection throughout the body via the diverticula or 
directly across the membrane. Thus, airsacculitis 
detected at slaughter means rejection of the whole 
carcass.

The cranial group of air sacs (cervical, clavicular 
and cranial thoracic) contains almost as much air 
as the caudal group (caudal thoracic and abdomi-
nal). Most respiratory movement occurs caudally. 
Therefore, on inspiration most air enters the caudal 
air sacs.

In the domestic fowl, the following are pneu-
matized: subcutaneous facial planes and between 
skeletal muscle, humerus, coracoid, sternum, 
ribs, synsacrum, pelvis, cervical and thoracic 
vertebrae.

Circulation of air through the respiratory tract 
requires two breathing cycles. Inspiration draws 
fresh air into the posterior air sacs (caudal tho-
racic and abdominal air sacs) and oxygen depleted 
air into the anterior air sacs (the cervical, clavicu-
lar and cranial thoracic air sacs). Expiration 
pushes fresh air from caudal thoracic and abdom-
inal air sacs into the lungs and oxygen depleted 
air from the cervical, clavicular and cranial tho-
racic air sacs into the bronchi and trachea to be 
breathed out.

It is important to remember that holding a bird 
upside down or holding a bird too tightly will 
cause respiratory distress and possibly death.

Breathing (Table 1.2) is controlled by the central 
nervous system (CNS) with sensory inputs from 
(i) central chemoreceptors – identified in mammals 
and probably present in birds; (ii) arterial chemore-
ceptors; (iii) intrapulmonary chemoreceptors and 
others including: (iv) air sac mechanoreceptors; 
(v) thermal receptors in the spinal cord; (vi) upper 
airway receptors sensitive to irritants, cold and 
possibly (vii) arterial baroreceptors.

Increasing ambient CO2 will increase ventilation. 
However, ventilation is also influenced by exercise, 
hot or cold temperatures and altitude. There is a 
balance between the stimulatory and inhibitory 
drive to ventilate. Hence, in hot weather gular flut-
tering is important because heat is lost with mini-
mum active ventilation.

Tr
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Fig. 1.1. The respiratory tract and other organs visible 
during initial dissection of the thorax and removal of 
the rib cage. Tr – trachea; Br – bronchus; L1 – left 
lung; Pr – proventriculus; Ov – ovary; Lk – left kidney. 
Small arrow = syrinx. Dotted arrow = primary bronchus. 
(Author’s own image.)

Table 1.1. Air sac volumes in domestic fowl. (Adapted 
from Sturkie, 1986.)

Air sacs
Volume air (ml)  
(2.9 kg chicken)

Cervical × 1 20
Clavicular × 1 55
Cranial thoracic × 2 50
Caudal thoracic × 2 24
Abdominal × 2 110
Lungs × 2 35
Skeletal 4
Total 298
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1.3 The Alimentary System

In addition to its role in nutrition, the alimentary 
system is also the largest immunological organ (see 
Chapter 2 this volume) as well as being host to a 
vast microbiome (see Chapter 17 this volume). The 
alimentary tract is short and antiperistalsis is an 
important compensation in digestion. Many growth 
and developmental changes occur soon after the 
chick hatches. Managing the development of the 
alimentary tract to maturity is vital in promoting 
and maintaining good bird health and welfare. 
(See Fig. 1.2 for general structure.)

The beak consists of a hard, keratinized epider-
mal covering which, at its edges, is continually 
worn away and replaced, and is supplied with 
extensive sensory innervation, particularly at the 
tip. The egg tooth is a pointed protuberance on the 
upper beak which drops off after hatching.

The mouth and pharynx are known as orophar-
ynx. There is no soft palate or pharyngeal isthmus. 
The choana in the roof of the mouth links oral and 
nasal cavities. The infundibular cleft behind this is 
the common opening of the auditory tubes. The 
salivary glands are located in the roof, cheeks and 
floor of the mouth. The fowl has about 300 taste 
buds on the epithelium of the upper beak, and the 
base and ventrolateral surface on the tongue, with 
broiler breeds having approximately twice as many 
as layer breeds.

Food passes along the oesophagus to the crop 
which is thin walled and distensible. It is a storage 
organ where bacterial fermentation takes place, 
reducing the pH to about 4–5.

The proventriculus immediately cranial to the 
gizzard, produces hydrochloric acid and pepsino-
gen which is converted to pepsin in the low pH 
(pH 1–4 depending on food content).

The gizzard (ventriculus) has thick and muscular 
walls, with a thick yellow to green cuticle on the 
mucosal surface to protect it from acid and 
mechanical damage. Finely ground feed – low in 
fibre – results in poor muscular development while 

whole grain and high fibre promote good muscular 
development. Insoluble grit will lodge in the gizzard 
to facilitate grinding.

The U-shaped duodenum is the first section of 
the small intestine, enclosing the pancreas in the 
loop and with a pH of 5.7–7.2. The remains of the yolk 
sac presents as a small stub, Meckel’s diverticulum, 

Table 1.2. Respiratory parameters in domestic fowl. (Adapted from Sturkie, 1986.)

Species Weight (kg) Respirations/min Haematocrit (%) Haemoglobin (g%)

Chicken
Male 4.2 17
Female 3.4 27 29–45 8.9–12.5
Female 1.6 23
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Fig. 1.2. The alimentary tact exposed. Pr – 
proventriculus; V – ventriculus (gizzard); Sp – spleen; 
Li – liver; H – heart; D – duodenum; J – jejunum; MD – 
Meckel’s diverticulum; I – ileum; C – caeca; I-C –  
ileo-caecal junction; R – rectum; Cl – cloaca; BoF – 
Bursa of Fabricius; V – vent. The crop is not shown 
but is located immediately caudal to the proventriculus. 
(Author’s own image.)



4 D. Parsons

which is used as a marker to separate the jejunum 
from the ileum. Digestion and absorption of carbo-
hydrates, fats, proteins and also water absorption 
take place in the small intestine.

The large, paired caeca are attached to the intes-
tine via a sphincter at the ileo-rectal junction. A 
small enlargement in the neck of the caecum is the 
caecal tonsil which is a lymphoid organ sampling 
the microorganisms that enter and leave the caeca. 
The caeca are filled by the convergence of peristal-
tic contractions from the small intestine and anti-
peristaltic contractions from the cloaca and rectum. 
Liquid only enters the caeca, and the pH varies 
from 5.7 to 9. The caeca evacuate between one and 
twelve times daily. Its function is unclear since birds 
thrive after its removal but some hind-gut fermen-
tation and water reabsorption are thought to take 
place.

The short rectum has a role in water conservation 
and carries urine to the caeca by antiperistalsis.

The cloaca is relatively complex for its size with 
the coprodeum separated from the urodeum which 
is the smallest chamber into which the urinary and 
reproductive tracts empty. This is separated by the 
uroproctodeal fold from the proctodeum which has 
an external opening through the vent. In the juve-
nile there is an opening dorsally to the Bursa of 
Fabricus, the important immunological organ 
where B cells mature (see Chapter 2 this volume).

Two important additional organs involved in 
nutrition are the liver and pancreas. The liver is a 
key organ manufacturing carbohydrates, proteins 
and fats and is important in detoxification. It also 
generates heat, raising normal body temperature to 
41.5°C for chickens. The body temperatures of 
turkeys and ducks are similar.

The gall bladder produces bile, aiding lipid uptake, 
and contains amylase from 4 to 8 weeks of age.

Sick birds that are not eating often have enlarged 
gall bladders and may excrete green droppings. The 
green colour in droppings is due to biliverdin. Fowl 
have very little or no biliverdin reductase for con-
version to bilirubin. Brown caecal droppings are 
possibly due to bacterial breakdown of biliverdin 
to bilirubin.

The pancreas secretes a number of digestive 
enzymes and sodium bicarbonate. In the fowl, three 
pancreatic ducts open into the distal end of the 
ascending loop of the duodenum on a papilla with 
the bile ducts.

Transit time depends on whether soluble or 
insoluble markers are used. Larger insoluble particles 

are retained longer in the digestive tract. First feed 
through the digestive tract can be detected in 1.6–
2.6 hours but normally the mean retention time is 
between 5 and 9 hours (Scanes, 2015). Retention 
time increases with age, amount of fat or protein in 
the diet and high temperature, whilst cold decreases 
retention time. Intestinal motility also shows diur-
nal variation, increasing during the day.

Once hatched, the chick changes from a fat to a 
carbohydrate-based diet. Early feeding after hatch-
ing encourages increased length, weight and enzyme 
activity when compared to unfed chicks. Villus 
growth in the duodenum is maximal by 7 days of 
age and 14 days, at the earliest, for the jejunum and 
ileum. Enterocyte proliferation occurs along the 
length of the villus. Migration of enterocytes to the 
tip of the villus takes about 3 days in four-day-old 
chicks and 4 days in older chicks.

Absorption of nutrients is not dissimilar to mam-
mals. Volatile fatty acids and uric acid are fermen-
tation products from the caeca.

1.4 Reproductive System

Broilers and layers are genetically different with 
layers producing high egg numbers on minimal 
feed consumption and broilers showing rapid 
growth and good egg production by the parents. 
Both require different husbandry and management. 
Parent flocks comprise between 7 and 12% males 
depending on flock age.

The development and control of the normal 
functioning of the reproductive tract of the laying 
hen is affected by a complex combination of factors 
including temperature, day length, feed and water 
supply, and the neuroendocrine functions of the 
hypothalamic–pituitary–gonadal axis.

Unlike mammals, the sex can be reversed prior to 
gonad differentiation by inhibiting oestrogen pro-
duction in genetic females resulting in testes devel-
opment. Temperature during incubation does not 
determine sex.

Primordial germ cells can be found in the right 
and left gonads by 2.5 days of egg incubation. 
Differentiation of the gonads occurs between 6.5 
and 7 days. In the male and female, the left gonad 
is larger. The left ovary and oviduct develop and 
right ovary regresses. The oviduct consists of the 
infundibulum, magnum, isthmus, shell gland and 
vagina. Because there is no connection between the 
ovary and the oviduct, ova can miss the infundibulum, 
but these are usually absorbed in the following 
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48–72 hours, or may be caught by the infundibu-
lum at the next ovulation resulting in double-
yolked eggs. But they may also become infected 
giving rise to egg peritonitis.

1.4.1 Control of sexual maturity  
and egg laying

The development of sexual maturity and persis-
tence of egg laying is the result of complex interac-
tions between circannual and circadian rhythms, 
environmental entrainment factors (predominantly 
photoperiod but also temperature, feed and water 
availability) and physiological age.

Day length increases at the onset of spring which 
stimulates reproductive behaviour until the satura-
tion day length is reached. For fowl, the critical and 
saturation day lengths are about 10 and 15 hours. 
Chicks are insensitive to day lengths (photorefrac-
tory) and modern commercial layers and broiler 
breeders show significant deviations from these 
patterns. Selection for egg numbers and the lack of 
broodiness in commercial layers has resulted in 
almost complete loss of photorefractoriness. Broiler 
breeders require restricting feed which delays the 
dissipation of juvenile photorefractoriness. 
Commercial husbandry and lighting practices are 
optimized for the different types of poultry to 
ensure appropriate physiological development, the 
best welfare and good production for flocks derived 
from chicks hatched at any time of the year.

1.4.2 Perception of light

The avian skull is translucent and allows light to 
penetrate the brain. Photoreceptors are found in 
the retinae, pineal gland and encephalic photore-
ceptors situated in the lateral septal organ (LSO), 
preoptic area and tuberal and mediobasal hypo-
thalamus (MBH). The relative importance of these 
areas in controlling the reproductive circadian 
clock is probably species specific. The pineal pho-
toreceptors are sensitive to short and long wave-
length light whilst the LSO and MBH on the base 
of the brain are more sensitive to the long wave-
lengths. Thus, using orange or red lights to control 
cannibalism has minimal effect on egg production.

1.4.3 Circadian rhythms

The production of melatonin does not seem to 
entrain the reproductive photoperiodic response. In 

fowl, there is a specific period during the circadian 
rhythm which in fowl occurs about 11.5 hours 
after dawn, the photoinducible phase. Photo-
stimulation during this phase triggers gonadotro-
phin releasing hormone (GnRH) resulting in gonad 
development.

1.4.4 The egg laying cycle

When photostimulated between 16 and 18 weeks of 
age, all birds in the flock respond and mature sexu-
ally together. The increased day length allows the 
photostimulation during the photoinducible phase 
of the circadian clock triggering release of GnRH 
from neurons in the MBH. GnRH triggers release 
of luteinizing hormone (LH) and follicle stimulat-
ing hormone (FSH), produced in the pituitary, that 
promotes maturation of the testes and ovary. 
Oestrogens and androgens stimulate the develop-
ment of the secondary sexual characteristics, both 
physical and behavioural.

About 2 weeks later the first eggs are laid. Hens 
are indeterminate layers; if the egg laid one day is 
removed then she will lay another to replace it. The 
presence of a cockerel is not needed to stimulate 
hens to lay. The number of eggs laid in a sequence 
reflects the time taken to form a shelled egg. The 
closer to 24 hours, the shorter the time from ovula-
tion to oviposition and the longer the sequence will 
be. The term sequence is preferred to clutch, the 
latter being reserved for non-domesticated species, 
because of the large numbers of eggs laid on con-
secutive days and the absence of incubation and 
brooding.

It takes time for the circadian clocks within the 
brain, ovary and oviduct to become entrained. 
Thus, for the first two weeks or so after commence-
ment of lay, thin shelled eggs, membrane eggs and 
double or triple-yolked eggs may be laid.

Ovulation is preceded by an increase in LH, 4 to 
6 hours earlier. The LH surge is promoted by an 
increase in progesterone. There is only one LH 
surge a day and hence only one egg is laid a day.

The first egg of a sequence is usually laid early in 
the photophase. Ovulation of the next ovum occurs 
15–75 minutes after oviposition. Thus, the egg 
tends to be laid about an hour later each day asso-
ciated with an LH surge occurring later during the 
LH sensitive period known as the ‘open period’. 
Eventually, the next ovulation would be associated 
with an LH surge that is outside the ‘open period’. 
In this situation, the LH surge does not occur and 
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the hen does not lay the next day but resumes the 
day after with the LH surge being associated with 
the beginning of the ‘open period’ and the sequence 
repeats.

Egg formation takes 24 to 28 hours. After ovula-
tion, the ovum (Fig. 1.4) is engulfed by the infun-
dibulum (Fig. 1.3) where the egg will be fertilized, 
if mating has occurred.

The first albumen is deposited here before the egg 
passes into the magnum to be coated with more albu-
men. In the isthmus the egg membranes are formed. 
On entering the shell gland water is added to the 
albumen, a process known as plumping, which 
stretches the egg membranes allowing them to act as 
a template for the deposition of the eggshell.

Approximately 2–2.5 g of calcium is transported 
by the shell gland to calcify each egg. Most calcifi-
cation occurs over night when the hen is not feed-
ing. Whilst most calcium comes from the feed. 
A proportion (30–40%) of the eggshell calcium is 
supplied by medullary bone.

Finally, the egg enters the vagina, and under the 
influence of arginine vasotocin (AVT), oviposition 
occurs.

Following mating in a breeding flock, spermato-
zoa become motile and are stored in specialized 
storage tubules at the uterovaginal junction. 
Viability is maintained for 7–14 days. Following 
oviposition, the sperm migrate to storage glands in 
the infundibulum or directly fertilize the ovum.

Flock egg numbers decrease towards the end of 
the laying cycle. As the hen ages, fewer follicles are 
selected into the preovulatory hierarchy and there 
is an increase in follicle atresia. Fewer follicles 
receive more yolk and are therefore bigger. The 
maturation of each follicle also takes longer. This 
means that the number of eggs in a sequence 
decreases, and relatively, the number of non-laying 
days increases coupled with more first sequence 
eggs that generally have poor shells. As the amount 
of calcium deposited on each egg remains relatively 
constant through the laying period, larger eggs will 
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Fig. 1.3. Cartoon of reproductive tract. (Produced by and with permission of A. Parsons.)
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Fig. 1.4. Ovary from laying hen showing follicles F1–F4 
in reverse order of maturity. Arrows = small white 
follicles. (Author’s own image.)
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have thinner shells. Consequently, both egg numbers 
and shell quality decrease with age.
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