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Chapter 6

DIGESTIVE SYSTEM

ORAL CAVITY AND PHARYNX (OROPHARYNX)

The relationship between the pharynx and the oral and nasal cavities d i l l i
from that in mammals. The soft palate is absent and therefore the pharynx
not divided into nasal and oral parts. Also, there is nothing comparable t u t
glossopalatine arch (cranial pillar of the soft palate, anterior pillar < > ! ' I
fauces) which in some species of mammal forms a constriction, and the red
constitutes a distinct boundary between the oral cavity and pharynx. Th
together the oral cavity and pharynx of birds form one common cavity w h i r l i
often called the oropharynx, However, it has been suggested on embryoluj'.n
grounds that the homologous boundary between the oral and pharynx
cavities lies between the choanal opening and the infundibular cleft (Fig (1

Lips and teeth

These are absent in all living birds and are replaced functionally by I
cutting edge (tomia) of the horny beak (see Chapters 2 and 3). Teeth, h(mv\r
were present in the earliest known fossil birds, Archaeopteryx (Fig 1-2).

Choana and palate

The choana is a median fissure in the palate connecting the oropharynx I n 1 1
nasal cavity (Figs 6-1 and 7-1). In most species the palate is ridged
lateral and rostral to the choana.

The arrangements of the ridges of the palate is especially well developed Iff
seed-eating passerines which use them to remove the shell. The she l l iif
dicotyledonous seeds is removed by cutting while that of monocotyledemitt|
seeds is removed by crushing. In the Fringillidae, all of which feed
dicotyledonous seeds, the seed is wedged in the groove of the palate Conn
between the lateral palatine ridge and the edge of the upper bill. Elon
seeds lie with their long axis parallel to the bill, round seeds with their
longitudinally orientated. The shell is cut by rapid ro.stro caudal m o v c i m - n
of the sharp-edged lower bill, the seed being supported hy l i t e p o i n t <>
tongue. Usually, the seed is transferred to the opposite Hide of I | M > m o u t h mi

II I ' tocedure repeated. With especially hard seeds as many as twenty such
HI I I T H may be required. The shell is removed by the bird inserting its

l.Hi,Hie between the shell and the kernel and the seed being rotated by the
ne. In species which feed on monocotyledonous seeds (e.g. the Emberizidae

»l Ploceidae) the ridge rostral to the choana is expanded into a buttress-like
l l>nce. Elongated seeds are positioned transversely to the bill and close to

i» prominence against which they are crushed by upward and downward
•Vnments of the lower mandible. Round seeds, in contrast, are placed in the
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U I The roof of the oropharynx of the domestic fowl. Six rows of caudally pointing
papiliae are shown. There are numerous openings of salivary glands.

n i l groove of the palate and crushed by up-and-down movements of the
id rdged lower mandible.

the Hawfinch which is capable of crushing especially large seeds, like
. nl'cherries and olives, the seed is positioned between a pair of knoblike
Tl inns on the caudal part of the palate and corresponding projections on
luwcr bill. Consequently, the strain of cracking the large seeds is evenly
•il) i i ! .ed between both sides of the jaw.

Infundibular cleft

I n f u n d i b u l a r cleft is a m i d l i n e slitlike opening that is common to the right
leli pharyngotympanic ( K i i H l i U ' h i a n l tubes and is situated immediately
ill lo the rlmnna (Fig (> I >. l i t rim I nisi l.o mammals the orifice of I.he cleft
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in birds is not guarded by apposable folds; consequently, the great changes in
atmospheric pressure which some birds (notably the Bar-headed Goose, which
ascends more than 9000m) experience during descent from high altitudes
cannot passively close the orifice due to the development of unequal pressures
on the two sides of the tympanic membrane, as tends to happen in man.
Lymphatic tissue ('pharyngeal tonsil') is abundant in the wall of the infun-
dibular cleft.

Tongue

The tongue is supported by the hyobranchial (hyoid) apparatus (see Chapter 4)
and displays an enormous variety of dietary adaptations. Basically, three
forms of adaptation can be distinguished.

< ; i l Adaptations for collecting food. The tongues in this category are long
narrow and protrusible, and function as probes, spears, brushes and capillary
tubes. The tongue of woodpeckers is capable of being thrust out of the mouth a
considerable distance to procure insects and the sap of trees. Frequently, the
npical part of the tongue is armed laterally with barbs and the dorsal surface
roughened by numerous minute spinous papillae (Fig 6-2Be). The exception-
ally well-developed hyobranchial apparatus of woodpeckers is described on
page 49. The tongues of most flower-frequenting species (e.g. ffowerpeckers,
Hiinbirds, honeyeaters and nectar-feeding warblers) are also usually highly
protrusible and capable of being thrust in and out of a flower to obtain nectar,
pol len and small insects. Depending on the diet the rostral portion of the
tongue of flower-frequenting species may be split, curled, fringed or tubular
(Fig6-2Bc).

(b) Adaptations for manipulating food. Tongues in this category are non-
protrusible. Examples include the short thick fleshy tongues of seed- and
nut-eaters such as parrots and finches; the thick rasplike tongues of birds of
prey (Fig 6-2Bd) in which the rostral portion is often extremely hard and
rough and in eagles and vultures sometimes curled or troughlike; the tongues
of many fish-eaters such as penguins, mergansers and shearwaters which
curry numerous stiff sharp papillae designed for holding slippery prey (Fig
(i 2Ba and —Bb); and the tongues of anseriforms which, with the lamellae of
the b i l l , form an organ either for filtering solid food particles from water as in
I l ie Mallard, or for cropping grass as in the Muscovy Duck.

Adaptations of the tongue in ducks, geese and swans include the modifica-
l ion of the rostral portion to form a scooplike process and the presence on the
lateral margins of a double row of overlapping bristles which are interspersed
cuudal ly with a number of toothlike processes. These bristles and processes
mlmligitate with the lamellae of the bill. On the dorsal surface of the tongue
in i i sha l low median groove while at the root there is a f l e shy eminence or
cushion . In s i . r a i n i n g ducks the tongue is first depressed ; i l I n w i n r . water to f i l l
I he dorsal groove. The tongue is then pressed againul I h r ( m l n l r mi H i n t the
w a t e r is i-jrch-d wide way H between the bristles which re I I nl loml piirl u-les.

A; i n rni|tpinr. m'Kiin n purl of I lie tongue, I\K. t i n - |> im . < \\ < l < . . < ! , - ' • of the
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dorsal groove in the Whooper Swan or the lateral bristles in the Canada Goose,
is converted into a coarse cutting margin which functions to hold and tear the
vegetation.

ie) Adaptations for swallowing. Again, tongues in this category are non-
protrusible, and frequently have as their main feature, as in the domestic fowl,
caudally-directed papillae which are designed to move the bolus caudally and
prevent regurgitation (Fig 6-2A). Also in this category are the rudimentary
tongues of many species (e.g. pelicans) which swallow large items of food whole
and quickly.

Except in parrots, there are no true intrinsic muscles in the avian tongue,
although some of the hyoid muscles attach to its caudal part; movement of the
tongue in birds is mainly due to the great mobility of the hyobranchial
apparatus. In the domestic fowl and some other species the epithelium of
the ventral surface of the tongue undergoes a process of hard keratinization
.similar to that of the beak. Folding of the tip of the tongue ('curled tongue') is
.sometimes seen in chicks and turkey poults, and is thought to be due to the
feeding of dry mashes of fine physical consistency during the first few weeks
after hatching.

The distribution and functional significance of taste buds in birds is dealt
wi l .h in Chapter 16.

Laryngeal mound

The prominent laryngeal mound (Fig 6-2A) carries the narrow slitlike
opening into the glottis of the larynx. There is no epiglottis. In nearly all
species of bird the mound has several rows of strong backward-pointing
COmified papillae. These help in the raking movements of the larynx during
swallowing which are known to occur in the domestic fowl (see Swallowing),
nncl the typical presence of such papillae suggests that similar raking by the
laryngeal mound may occur in many groups of birds.

Papillae

Numerous caudally-directed papillae are distributed, either irregularly or in
transverse rows, on the roof of the oropharynx, along the edges of the choana
imd infundibular cleft, on the tongue and on the laryngeal mound (Figs 6-1
ani l 6- 2A).

Salivary glands

Sal ivary glands are best developed in birds which have a relatively dry type of
( l id l ike that of seed- or insect-eaters, and least developed in h in l s with a
well- lubricated diet such as fish-eaters. Salivary glands air I n l n l l y n l i H i - n l in a
few Hpi'cics i n c l u d i n g the ( i reat ( ' o rmoran l . The m i l i v n r v r l m n l i i n( ' t he
i l n m r s l i r Cowl a r c w e l l d c v i - l n p i - d a n i l comprise H i t - i i u i x i l I M I v , p i i l n h n e a n d
•phenopterygoid r . l i i n i h i i n ih i ' mul1 of ihe oropharynx; n't""I" '" ' I " 1 an^le of

DIGESTIVE SYSTEM 89

the mouth and the cheeks; and the mandibular, lingual and cricoarytenoid
glands in the floor of the oropharynx. Many of the large number of gland
openings in the roof and floor are visible with the naked eye (Figs 6-1 and
6-2A). As in most birds, the glands of the domestic fowl secrete only mucus,
the main function of which is to act as a lubricant in swallowing. Recently,
however, the glands of the House Sparrow have also been shown to secrete
amylase.

In woodpeckers the large mandibular glands below the tongue secrete a
sticky fluid which coats the tongue and allows it to act as a probing 'lime-stick'
to trap insects. In swifts the mandibular glands secrete an adhesive glycopro-
tein which is used in nest-building; the nests of some of the cave swiftlets of
South-east Asia (Collocalia species) are made up entirely of this secretion and
are the source of the edible nests ('bird's nest soup') which are an expensive and
popular delicacy in that part of the world. In the Grey Jay parts of the
mandibular glands are greatly enlarged and secrete abundant mucus which is
used by the birds to make boli and then to stick the boli to conifer needles and
other parts of trees, thus providing a store of food when the ground is covered
with snow.

Oral sacs

The oral cavity of a few species contains one or more ventral diverticula. In
some birds (e.g. the males of several species of bustard) the sacs are inflated
with air during the breeding season to act as display chambers. In other birds
such as nutcrackers they are concerned with carrying food. In pelicans, the
entire floor of the mouth is enormously enlarged as an adaptation for catching
fish.

The lining of the oral cavity and pharynx

The surface of the oropharynx is lined by a stratified squamous epithelium
which is keratinized in regions subject to abrasion, notably the caudally-
directed papillae in the domestic fowl. The mouth lining in the chicks of some
species, especially passerines, is brightly coloured and has a distinctive
pattern of markings. Conspicuous flanges may also be developed on the bill.
When the nestling opens its mouth the appearance of the lining, combined with
the exaggerated gaping, forms a begging display which stimulates the parent
to feed the chick. The distinctive appearance of the oral cavity disappears
when the chick can feed itself and no longer requires the help of the parent.

Swallowing

Swal lowing is a complicated process, which in the domestic fowl has been
shown by c inen id iography l.o i n v o l v e !hc fo l lowing stages.

A pellet of food is Hci/rd hy t in- ln-ak a n i l moved hy t in - tongue l.o I he pa l a i r ,
where i l J H held hv t i n * Hl i rky m u m u M serr i ' t . iun of Ihr mil ivary glands. The



90 BIRDS—THEIR STRUCTURE AND FUNCTION

choanal opening is renexly closed by muscular action to prevent the food from
entering the nasal cavity.

Rapid rostrocaudal movements of the tongue then roll the bolus caudally
into the caudal part of the oropharynx, with the aid of the caudally directed
papillae on the tongue and the roof of the oropharynx. The infundibular
cleft and the glottis are renexly closed to prevent food from entering the
pharyngotympanic infundibulum and the cavity of the larynx.

Within the caudal part of the oropharynx, the propulsive action of the
tongue on the food is continued by similar movements of the laryngeal mound;
darting rostrocaudal movements of the mound, aided by the caudally-directed
papillae and by the presence of much sticky saliva, rake the food towards the
oesophagus. Food may accumulate for a short while just caudal to the
laryngeal mound before passing down the oesophagus by peristalsis.

In drinking, fluid enters the mouth by rapid rostrocaudal movements of the
tongue and accumulates in the floor of the oropharynx, caudal to the tongue.
Simultaneously, the larynx moves rostrally to lie close to the choana. The head
is then raised and the fluid flows around the larynx and into the oesophagus,
mainly by gravity. Other methods of drinking which are utilized by birds
inc lude the lapping of parrots, the sucking mechanism of hummingbirds in
which the tubular tongue is thrust rapidly in and out of the liquid, and the
procedure used by pigeons in which the beak is immersed throughout the
e n t i r e swallowing process.

OESOPHAGUS

The avian oesophagus is thin-walled and distensible with a relatively greater
diameter than that of mammals. Most of the cervical part lies on the right side
of the neck, the opposite side to that of mammals (Fig 6-3). The internal
surface of the oesophagus is longitudinally folded, thus increasing the distensi-
h i l i t y of the tube. Both the diameter of the oesophagus and the development of
the Colds tend to be greater in species such as hawks, owls and cormorants,
w h i c h take in large items of food or store food throughout the whole length of
t he oesophagus. It is narrowest and least folded in species such as swifts which
(red on very small items of food. The oesophagus is lined by an incompletely
keratinized stratified squamous epithelium with subepithelial mucous glands,
t h e latter being generally more numerous in the thoracic oesophagus.

Crop

Just cranial to the thoracic inlet in many species, the oesophagus enlarges to
Conn the crop or ingluvies (Figs 6-3, 6-8 and 14-2}. A common misconception
in that all birds have a crop, but in fact it is absent in many groups inc luding,
Cor example, ^ulKs and penguins. When present the crop varies in its external
appi -a ranre I Kig <>-4). Where it is very large, an Cor e x a m p l e in u a l l i l n r m
! , | M - i - i e ! i ( i n c l u d i n g I l ie domes! ic fowl and t u r k e y ' , pa mil M and < i u n r u l i e r of pas-
lOrlnMi M u s u a l l y l a k e s Hie form oC a v e n t r a l o r l a i i - i « l II I ' 1 • t l l v n i ' l i r
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Kig 6-3 The digestive tract of the Budgerigar; the sternum and abdominal
wall have been removed, a. - artery; c.b. = coracoid bone; c.v.c. - caudal vena cava;
Huod, = duodenum; m. pect. = pectoral muscle; m. supracor. = supracoracoid muscle;
puncr. --^ puncmis; sd.l. - Hi ipnul i iod i 'mi l loop. I'Yom Kvans (1969), with kind

permission iil'lln- publisher.
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I Figs 6-4b and -4cl. In contrast to other species, the crop in parrots and
I.he. Budgerigar is orientated transversely across the neck (Fig 6-3). The crop of
pigeons is especially well developed and is divided into two large lateral sacs
(Fig 6-4d). The massively developed crop of the Hoatzin is unusual in having
not only a cervical component but also two thoracic components; the cervical
component is especially large and suppresses the development of the cranial
part of the sternal keel. In contrast to these large forms of crop, that of many
birds, including ducks and geese and a number of songbirds, is a simple
fusiform widening of the oesophagus which is often difficult to identify (Fig
6-4a). The crop epithelium in the domestic fowl and turkey resembles that of

Kitf (>—4 Crops, a, Great Cormorant; b, Peafowl; c, Budgerigar; d, domestic pigeon.
Will ml views except d, which is a dorsal view, a and b from Pernkopf and Lehner
1 1 !);)7), with kind permission of the publisher; c and d from McLelland 11979), with kind

permission of the publisher.

(.he oesophagus, except that mucous glands are absent. In these species the
crop is strongly attached to the underlying skin and thus can easily be seen
mid palpated externally. In order to remove the gastrointestinal tract in the
post mortem evisceration of poultry in slaughter plants, the oesophagus is
transected at a variable point caudal to the crop. Since the bird is not fed
hetwoen two and eight hours before death, there is usually no contamination of
I.he carcase with food resulting from the cut. In the domestic fowl impaction of
I . l i e crop frequently results from the ingestion of large quantities of bulky or
dry locd. Impaction of the crop by fur or other roughage can also occur in
rnpl.ors if the moisture content of the diet is inadequate.

Oesophageal sac

The oesophageal sac is an inflatable croplike diverticulum or bilaterally
• ; v m m H n r ; [ l expansion of the cervical oesophagus which is possessed by only a
sma l l number of species (e.g. the- Sage Grouse, the1 ( I n - i i l U i i M t i m l and the
I ' m i n e ( M i i rk e n ) . The enlarge men I i n I.he ma jon ly of H I id i M p c c i . - , nrmrs only
in I he m a l e , a m i in used d u r i n g cour tship I n produce n n i l i n i ; n i l l ' i u i - i n

i ; nil"
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Transport of food

Movement of food is aided by the lubricating mucous secretion of the
oesophageal glands. In the domestic fowl peristaltic waves occur in the cervical
oesophagus at intervals of 15 seconds and in the thoracic oesophagus at
intervals of about 50-55 seconds. In some species such as penguins and
pigeons, retroperistaltic waves in the oesophagus regurgitate food which has
been stored in the oesophagus or crop, for feeding to the young. In Budgerigars
kept alone in cages, such regurgitation of food may be part of a 'courtship
feeding' display which the birds perform to themselves in front of a mirror.

Site of physical digestion

When the gizzard is full, food may be stored in the oesophagus either in the
crop as in the domestic fowl, or throughout the whole length of the oesophagus
as in species which have no crop (e.g. penguins and gulls). In a well-developed
type of crop like that of the domestic fowl, the stored food undergoes softening
and swelling. Entry of food to the crop inhibits its contraction for a while. Food
is later moved caudally from the crop by powerful contractions of both the crop
and the opposing oesophageal wall. When the gizzard is empty, food in the
oesophagus travels directly to the stomach, the entrance to the crop being
closed by contraction of the longitudinal muscle layer of the oesophagus. In the
Hoatzin the highly muscular crop is the main site for the mechanical
treatment of leaves on which the bird feeds, the gizzard (the main organ of
physical digestion in other birds) being extremely reduced in size.

Site of chemical digestion

In most birds the oesophagus does not appear to play any part in chemical
digestion.

Crop milk and other nutrients

'Crop milk' is fed by pigeons and doves to their young. It is produced by a
desquamation of fat-laden cells of the proliferated stratified squamous epithe-
lium lining the very well-developed crop of both sexes. The production of the
milk is controlled by the pituitary hormone, prolactin. Proliferation of the crop
epithelium begins at about the sixth day of incubation, and secretion starts at
about the sixteenth day of incubation lasting until about two weeks after
hatching. The response of the crop to intramuscular or intradermal injections
of prolactin is the most frequently used method for bioassay of this hormone.
The composition of the crop milk resembles that of mammalian milk, being
very rich in fat and protein, i.e. fat 6.9-12.7 per cent, protein 13.3-18.6 per
cent, ash 1.5 per cent and water 65-81 per cent; unlike mammalian milk,
however , i l l u r k s r a rho l iyd ra t e s ; uu l c a l c i u m , The chicks receive crop m i l k
d u r i n g Ihe l i t ' N l l ew dnys a f t e r h a t c h i i i f ; hu t I n l e t 1 l i re l ed i n e r e a M i i i j ' . a m u i i n l H of
ol her t y p i ' H of f u n d
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In the Greater Flamingo the merocrine oesophageal glands of both sexes
produce seasonally a red-coloured nutritive juice which is regurgitated and fed
to the young. A nutritive fluid is also formed by the male Emperor Penguin
and fed to the chick, but this fluid is produced by desquamation of the
oesophageal epithelial cells.

STOMACH

The stomach lies in the left dorsal and left ventral regions of the thoraco-
abdominal cavity in birds generally (Figs 6-3 and 6-9). However, very little of

oesophagus

proventriculus

pyloric part

duodenum

intermediate zone

gizzard

6-5 Stomach of a gull. From Pernkopf and Lehner (1937), with kind permission of
the publisher.

the stomach is seen when the bird is first opened ventrally, since apart from
the, liver the abdominal organs are largely concealed by the fat-laden post-
hepatic septum (Fig 6-8). The stomach consists of a cranial proventriculus or
j ; l ; imlular part and a caudal gizzard or muscular part (Figs 6-5, 6-6 and 6-7).
Lying between the proventriculus and gizzard is the intermediate zone (Figs
(i 5 and 6-7). The pyloric part of the stomach joins the gizzard to the duodenum
i Figs 6-5 and 6-6). The proventriculus secretes gastric juice. The gizzard is the
site nl'gastric proteolyaia and in many species it is also the organ of mechanical
digestion. In some species, the proventriculus and the ftuftrd hiwe an
I I M | . . 1 i . i n i role i n t h e .storage o f food.

Hepeiulmi', on dirt I wo basic types ol' slnmiu'h cnn he .1 'ur.hnl One

I \ |ii' in rhurnclerisl \\- nl' birds l ike piscivnreH mid nn rm «»•. \ \ \ \ \ > \\ Iced on
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relatively large soft items of food and therefore require a stomach that is
adapted more for storage than physical digestion. Typically in these birds the
stomach is thin-walled and saclike, the junction between the proventriculus
and gizzard often being difficult to identify externally (Fig 6-5). The other type
of stomach characterizes birds like insectivores, herbivores and granivores
(including domestic birds) which feed on relatively indigestible items of food
and therefore require a stomach that is adapted for the physical phase of
digestion. In these birds, typically the gizzard is massively developed with an
especially thick muscle tunic, and the proventriculus and gizzard are easy to
distinguish externally (Fig 6-6). Forms of stomach that are intermediate

gizzard
caudodorsal
thick muscle

craniodorsal
thin muscle isthmus

oesophagus

proventriculus

duodenum

pyloric part

caudoventral
thin muscle

cranioventral
thick muscle

Fig 6—6 Right (medial) aspect of the stomach of the domestic fowl. From McLelland
(1975), with kind permission of the publisher.

between those described above are characteristic of many groups including
Irugivores and testacivores (shellfish-eaters). Reduction of the gizzard, culmi-
nating in an inconspicuous band or a vestigial diverticulum, tends to occur in
fruit-eating species such as tanagers.

Proventriculus

The oesophagus continues into the proventriculus without any distinct macro-
scopic boundary. Generally, the internal surface of the proventriculus lacks
the large folds that are characteristic of the oesophagus, but such folds are
usua l ly present in (isb- and meat-eaters (Fig 6-5). Opening into the proventri-
1 ' i i l u s and vis ib le to t b e nuked eye, are the o r i f i c e s of t h e n'ii^'i*-' glands. In
some species, i n c l i i c l i i i | > I b e d o r n e s l l r fowl , ,-i series ol' conspicuous papi l lae
[ i r n j e e l i n t o I he l u m e n of (be proven t r i m I n : . . I he glandl opening n l I l ie lops ol'
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the papillae (Fig 6-7). In most species including the domestic fowl, the glands
are distributed throughout the proventriculus, but sometimes they are re-
stricted to longitudinal tracts as in owls, to circular patches as in the Ostrich,
or to separate diverticula as in the Anhinga. In birds generally, as well as in
the domestic fowl, the main ducts of the unilobular or multilobular gastric
glands are lined by very tall columnar mucous cells which discharge their
mucus after feeding. The glandular alveoli drain into the central cavity of each
lobule and contain only one type of cell which has ultrastructural features
similar to both the parietal (acid-secreting) and the peptic (enzyme-secreting)

proventriculus

glandular layer
gland opening

papilla
cranlodorsal
thin muscle

oesophagus

caudodorsal
thick muscle

cuticle

ventrlculopyloric orifice1

cranioventral thick muscle

gizzard

caudal sac

caudoventral
thin muscle

(i-7 Interior of the stomach of the domestic fowl. From McLelland (1975), with
kind permission of the publisher.

cel ls of the mammalian stomach. Therefore, as in other vertebrates except
mammals, hydrochloric acid and pepsin are produced in birds by one type of
c e l l , an oxynticopeptic cell. These cells vary from cuboidal to columnar
according to their functional activity, but their luminal ends tend to project
freely, giving a characteristic serrated appearance. They contain large spheric-
al granules which diminish markedly in number within half an hour of feeding
und are then restored in about six hours. Regurgitation of the gastric juice in
poul t ry may be responsible for some cases of'sour crop', a condition in which
I I n - crop is often filled with a large volume of foul-smelling fluid. The
r p i i h e l i u m of the glandular alveoli of the proventriculus also conUi ins endoc-
r ine cells (p. 105). Contrary to popular opinion, the p ink ' N t n i i u i c h o i l ' shot out
by petrels i i H food for the ch i rk or in defence does no! rnmi i from | ' , | I H M | M hut is of
i h i ' h i r y o r i g i n . Kn l ; i ! - | ; en i en l o f the p r o v e n l . r i n i l i i H r e l n l e i l I n i l n - i h : i : ; oecn-
M i o n i i l l v I n , n • ! , . i i l , . L | i n p o u l t r y
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Gizzard

In species which feed on relatively soft food (e.g. carnivores and piscivores), the
gizzard is a roundish sac often indistinguishable from the proventriculus, with
a muscle tunic which is very poorly developed and of uniform thickness (Fig
6-5). In groups feeding on digestively resistant items of food, however,
(insectivores, herbivores and granivores) the gizzard is thickened and
biconvex; most of the wall consists of smooth muscle arranged in four
semi-autonomous masses which attach to extensive aponeuroses (the right and
left tendinous centres) (Figs 6-6 and 6-7). This muscle is derived from the
original circular muscle layer of the stomach, the outer longitudinal layer
being lost. The smooth muscle of the gizzard is very rich in myoglobin, its
concentration being several times greater than in the striated muscles of the
leg and heart. Relative to the long axis of the gizzard the muscles are
asymmetrically arranged and include dark-coloured caudodorsal and cranio-
ventral thick muscles, and lighter-coloured caudoventral and craniodorsal
thin muscles. This asymmetrical arrangement results in rotatory as well as
crushing movements when the gizzard contracts. Internally, the organ is lined
by a simple columnar epithelium onto which, via crypts, the tubular glands of
the lamina propria open (in the domestic fowl five to eight glands discharge
into each crypt). The best developed glands occur in the highly muscular form
of gizzard. The glands and crypts are lined mainly by protein-secreting chief
cells. Chief cells in the base of the glands migrate towards the surface where
they degenerate and become sloughed off The epithelium of the gizzard also
contains endocrine cells (p. 105).

Resting on the surface of the epithelium in the highly muscular form of
gizzard is a hardened membrane, the cuticle (koilin layer) which is a carbo-
hydrate-protein complex and not keratin as once believed. In the domestic fowl
(Fig 6-7), the cuticle, like the muscle tunic, is asymmetrically developed, being
thickest opposite the caudodorsal and cranioventral thick muscles. The cuticle
is composed of a scaffolding of interconnecting vertical rods embedded in a
horizontal matrix. The vertical rods are secreted by the glands of the lamina
propria. The secretion of each gland hardens within the lumen as a filament.
The filaments of all the glands opening into a crypt unite to form a vertical rod.
The vertical rods project slightly beyond the surface of the membrane as the
dentate processes. Lateral branches of the rods unite with those of neighbour-
ing rods to confer great mechanical strength on the membrane. The horizontal
matrix is a secretion of the cells of the crypts and surface epithelium. In
contrast to the vertical rods, it does not harden immediately but only after it
has spread over the surface of the epithelium and around the vertical rods. The
hardening of the horizontal matrix is believed to be due to a fall in its pH as
a result of diffusion through the membrane of hydrochloric acid from the
proventriculus. Trapped within the horizontal matrix are the desquamated
cells of the surface epi thel ium. The surface of this hard cuticle is constantly
be ing worn ; iw; iy by g r i n d i n g movements of the organ. The c u l i c l e has many
longitudinal p a r a l l e l folds . n i l ! is n s u n l l y brown, green or yel low MS n result of
PigUrgltfttlon of b i l r | n • • ! i i . n i from 1 l ie d u o d e n u m I t c M p i l o I be ex I n i o n l i M i i r y
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toughness of the cuticle localized ulcerations extending into the glands of the
lamina propria are not uncommon in chicks up to five weeks old when fed on
certain diets, and the incidence becomes much greater with diets in which
histamine is released by bacterial spoilage. During the postmortem processing
of poultry in the slaughter plant the cuticle is removed mechanically. In
species with a less muscular form of gizzard (Fig 6-5) a cuticle is also present,
although it is relatively soft, the division into vertical rods and horizontal
matrix being indistinct. In some of these stomachs, the cuticle may have an
almost homogeneous appearance. In certain fruit-eating pigeons (Ducula
species) the cuticle contains rows of hard pointed conical projections which are
used to crush hard fruits such as nutmegs. Massive shedding and excretion of
I he cuticle occurs periodically in some species (e.g. the Common Magpie and
the Common Starling), and in some hornbills the shed cuticle is regurgitated
as a sac filled with seeds which the male bird feeds to the female sitting on the
nest.

Intermediate zone

The intermediate zone (Figs 6-5 and 6-7) is a variably developed region
between the proventriculus and gizzard which has a microscopic structure
intermediate between that of the two major stomach compartments. Com-
pound glands are absent, and in the domestic fowl the internal surface is
relatively smooth and without papillae (Fig 6-7). Sometimes, as in the
domestic fowl, the zone is separated from the proventriculus by a constriction
nr isthmus (Fig 6-6).

Pyloric part

The pyloric part of the stomach connects the gizzard to the duodenum. Its
degree of development varies. In its smallest form, as in the domestic fowl, it is
a narrow, lighter coloured region, about 0.5crn in length and barely distin-
guishable from the rest of the digestive tract (Fig 6-6). Its mucosa is
Intermediate in histological structure between that of the gizzard and duode-
n u m . Many endocrine cells are found here (p. 105). The pyloric part of the
stomach in a number of species (especially those which take in large amounts
uf water with their food, e.g. the Great Cormorant and the Gray Heron) is a
d i s t i n c t expansion of the digestive tract. Its greatest development occurs in
darters, where hairlike papillae, either alone or in combination with a large
conica l process which projects into the opening from the gizzard, appear to .act
as a valvular apparatus delaying the passage of hard material into the
duodenum while allowing water to pass through. In general, however, the
I'imcUon of the pyloric part of the stomach is not known.

Digestion in the stomach

i>nn'ctitrirulns produces hydrochloric acid ami [ I I ' I I -UM U M V M - M - I
r i i l \ ; , i : , l . ik i 'H ulaci- iiiiiinly in t i n 1 j;i//,anl wlii-iv n lm\ > l l i
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The main function of the gizzard in herbivorous and granivorous species (such
as the domestic fowl) is to triturate the food in preparation for gastric
proteolysis. This is achieved by powerful asymmetrical contractions of the
muscles, aided by the asymmetrically developed tough internal cuticle and the
presence of grit in the lumen. In the domestic fowl the gizzard develops
substantial pressures of 100-200 mmHg. The gizzard in species feeding on soft
food plays a much less important part in physical digestion and functions
instead as a storage organ where gastric juice can act.

Radiographic studies in young turkeys have demonstrated a complex cycle of
gastric contraction (lasting 17-24 seconds) in which food is propelled in
alternate directions between the proventriculus and gizzard, the sequence of

trachea
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jf (j_9 Stage 2 in the dissection of the thoracoabdominal cavity of a 3-week-old
female domestic fowl. Ventral view—the posthepatic septum has been removed.

nmfraction being gizzard thin muscles, duodenum, gizzard thick muscles and
prnventriculus. In strigiform and falconiform species stomach motility is also
concerned with arranging the indigestible portions of the stomach contents,
i.e. bones, teeth and claws, into pellets which are then regurgitated. The
contents of these pellets provide valuable clues to ornithologists investigating
I he feeding habits of birds producing them. The contraction sequence of the
stomach in strigiform and falconiform species is different from that of the
I i ickey, being proventriculus, isthmus, gizzard and duodenum.

When sharp foreign bodies such as nails or wire are ingested by poultry
Ihcse sometimes penetrate the wall of the gizzard, the contractions of the
powerful gi//,ard muscles often forcing the object through l.he w a l l , [mpaction
< > ! ' the ni/,/ard wi th food is sometimes a problem in ch ickens feeding on
excessively long grass. The gi//ard may also be imparted in n i | » l o n , l i v a hard

( i f I ' l l r . I ' r r l 'oral ion or i m p a c t ion of l.he g i / / an l hv f o r e i g n I n n I n - i , l i i i r l y
i n I he OM( r i rh . I n M u t e Swans w h i c h feed on I he U,| i , , m . . [ i j v c rn I l ie
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gizzard contents frequently include the small lead weights which are used
by anglers to sink their fishing lines and are lost or thrown away. These
weights are easily ground down by the gizzard and the lead is absorbed in the
small intestine resulting invariably in lead poisoning (indeed postmortem
examinations have shown that three-quarters of the dead swans from the
Norfolk Broads die from this cause).

INTESTINAL TRACT

Small intestine

Duodenum. The duodenum in the majority of species is a narrow U-shaped
loop on the right surface of the gizzard, with a proximal descending part and a
distal ascending part held together by a narrow fold of mesentery (Figs 6—3
and 6-9). In a number of species (e.g. the White-tailed Sea Eagle and the
Jackass Penguin) the duodenal loop is thrown into a series of secondary folds.
Sometimes the duodenal loop is twisted, as in the Black Stork. The duodenum
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of a few species (e.g. the Northern Fulmar and the Gannet) is a compound
structure consisting of more than one loop. Since the duodenum is always the
most ventral part of the intestinal mass it is generally easy to identify in a
postmortem examination. Duodenal (Brunner's) glands are absent, but
mucous secretion is provided by goblet cells.

Bile and pancreatic ducts. These often open near to each other into the
distal end of the ascending part of the duodenum opposite to the cranial part of

jejunal loop

ileal loop

proventriculus

gizzard

duodenal loop

vitelline diverticulum

supraduodenal toop axial loop

I'itf (>-ll The gastrointestinal tract of the domestic goose. The duodenum, jejunum
;ind ileum form a series of narrow U-shaped loops, as in many birds. The supraduodonal
loop is the most distal loop of the ileum. The axial loop carries the vitelline
diverticulum, opposite the distal end of the cranial mesenteric artery; the diverticulum
i i u i r k K the boundary between jejunum and ileum. The two pancreatic ducts are visible
I'liU'ring the distal end of the duodenal loop, and distal to them are the two ducts from
H i t 1 liver. On the right are the glandular and muscular parts of the stomach; these and

the coeliac and cranial mesenteric arteries are as labelled in Fig 6-12.

the gizzard (Figs 6-11 and 6-12). In the domestic fowl there are two main ducts
I'rum the liver (a common hepatoenteric duct and a cysticoenteric duet) and
I hrr i ' main ducts from the pancreas. In the domestic duck and goose there are
u s i i n l l y only two pancreatic ducts. In these domestic birds the pancreatic and
h i l t ' ducts open together on a papilla situated in an ampulla-shaped swelling of
M i r duodenum. Sometimes, as in the Herring Gull, the openings of the

ducts are widely separated.

rJrjimum mid iloum. In the majority of species the jejunum and ileum arc
n minted in ii tin it ihcr (if narrow 1 1 sltiiped lonpn at thfl idgt of thtt lony <lm-snl
mi'Henii i in the right part of the abdominal nml\ i >r '• i i • I ' ln- | mil em of
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these intestinal loops has some importance in taxonomy. The vitelline (Meek-
el's) diverticulum (Figs 6-11 and 6-12) is the short blind remnant of the yolk
sac and yolk duct and lies at a point opposite the distal branches of the cranial
mesenteric artery; it can be used to divide the jejunum from the ileum. At
hatching the yolk sac in the domestic fowl weighs about 5.5 g, but by the 10th
day the yolk has been resorbed and the sac converted into scar tissue. The duct
of the yolk sac in the domestic fowl opens into the intestine on a small papilla.
The axial loop of intestine carries the vitelline diverticulum and therefore has
both jejunal and ileal components. The supraduodenal loop of intestine is
usually the most distal loop of the ileum and lies immediately dorsal to the

mesentery jejunum
cranial
mesenteric ar tery

coeliac ar tery

vitelline
divert iculum

ileum

rectum

cloaca

— provenlriculus

— spleen

—- g izza rd

descending part
of duodenum

- pancreas

ascending part
o( duodenum

Fig 6-12 The gastrointestinal tract of the domestic fowl. The jejunum and ileum are
arranged in short garlandlike coils, not U-shaped loops. Two pancreatic ducts and two
ducts from the liver are visible entering the distal end of the ascending part of the

duodenum. There is often a third pancreatic duct. Based on Grau (1943).

duodenum. In a relatively few species, such as pelicans, penguins and falcons,
part of the most distal region of the ileum is arranged into a small supracaecal
loop.

In another small group of species, including the domestic fowl and turkey
(but not the duck and goose), the jejunum and ileum are not arranged into
loops but instead form short garlandlike coils (Fig 6-12).

Large intestine

The large intestine generally consists of paired caeca and a short straight
intestine which is probably homologous to the mammalian rectum.

(-arm. In inns! gFOUpSOfbirdi right ;ind left, rnecji nrisi1 IVoiti Hie nrtum ;it I In-

jinirt ion wil Ii I bi' ill >u in I Kip, <» K'.l The I'm in ;ind si/.r oft hi1 cni'i'ji viiry j;iv.'i! ly
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(Fig 6-13). In the domestic species the caeca are exceptionally large and are a
dark green colour, and are therefore easily identifiable on a postmortem
examination. Because of their great length they are bent over backwards to
point caudally. Very rarely in chickens, a caecal anomaly is seen in which only
one tube is present, the distal part of which is divided. In owls the distal part of
the caeca is enormously expanded (Fig 6—13c). In a few species including the
Ostrich, the caeca are sacculated (Fig 6-13e). The two caeca in the Ostrich
open at a common orifice. The caeca of passerine species are small. Whilst the
caeca are widely reported to be reduced in number in some species including
parrots, swifts and pigeons, rudimentary organs in many of these birds have

<M3 Caeca, a, Sparrow-hawk; b. Marabou; c, Barn Owl; d. Helmet Guineafowl;
e, Ostrich. From Maumus (19021.

been described. In the domestic species, lymphatic tissue is well developed in
the proximal part of each caecum forming the caecal tonsil. Each of the paired
caeca in the domestic fowl has a sphincter where it opens at the ileorectal
junction.

Itcclum. The ileum continues through a sphincter into the straight rectum
w h i c h lies in the dorsal part of the abdominal cavity (Fig 6-12). In a very small
n u m b e r of species (e.g. rheas) the rectum is looped or folded. At the junction of
I be i leum and rectum in the domestic fowl and turkey there is a caudally-
d i reeled mucosal fold, the ileorectal valve.

Folds, villi and intestinal crypts

The intestinal folds and villi vary widely in their form and distribution
between spocies, different patterns of relief often being present in the same
bi rd . I n the domestic fowl only v i l l i occur. In the 10mu and a s m a l l number of
other species folds are presenl c o n t a i n i n g a BUbmUCOift] ' 'nre All i n t e s t i n a l
folds i n u E v i l l i increase the surface a era for n l i M i i p ! T i n - c r y p t s (o f
I i < 1>. i I M l in i ex 11•ml I it -I wen i t i n - I'ohh anil - i l l " • un|.l. I , i ; < <>i let!
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tubular glands within the lamina propria. Unlike the crypts of mammals those
of birds occur in the large intestine as well as in the small intestine. The
intestinal epithelium consists of chief cells, goblet cells and endocrine cells.
The chief cells have an absorptive function, their surface area being increased
by the presence of a brush border. Goblet ceils occur throughout the intestine,
but become progressively more numerous towards the cloaca. The endocrine
cells form, with those of the stomach and pancreas, a diffuse endocrine organ
(p. 209). As in mammals different types of gastrointestinal endocrine cell have
been identified, including cells believed to secrete enteroglucagon, gastrin,
somatostatin, secretin, vasoactive intestinal polypeptide, neurotensin and
avian pancreaticopolypeptide. Unlike the folds and villi of mammals, those of
birds have no lacteals but possess instead a well-developed capillary network.

Digestion in the intestines

Chemical digestion and absorption of food take place in the small intestine.
There is evidence that in the domestic fowl the cloaca and rectum may have
the ability to reabsorb water from ureteral urine (p. 184) and this may be
especially important in the water economy of desert birds. In the caeca of
galliform species including the domestic fowl, the breakdown of food (especi-
ally of cellulose) by symbiotic bacteria takes place, food reaching the caeca by
antiperistaltic movements of the rectum. The major function of the caeca in
these birds may be to separate the intestinal contents into a nutrient-rich fluid
fraction which enters the caeca for digestion, and an indigestible fibrous
fraction which is rapidly extruded without entering the caeca. Recently,
however, it has been shown that bacterial fermentation in the caeca supplies
only a small fraction of the total energy requirements of birds, so the real
importance of the caeca in the domestic fowl is in doubt. The 'caecal' droppings
of the domestic fowl, in contrast to those of rectal origin, are dark brown and
glutinous, and voided only once or twice each day.

Pancreas

The pancreas is a pale red or yellow lobulated organ lying in the dorsal
mesentery between the two limbs of the duodenum (Figs 6-3, 6-9 and 6-12). It
has three lobes: dorsal, ventral and splenic. The dorsal and ventral lobes are
usually united by parenchymatous bridges which vary in extent. These
connections are missing, however, in the domestic duck and pigeon, so that
these two lobes remain separate. The small splenic lobe extends cranially from
either the dorsal or ventral lobe. The pancreas drains by one, two or three
ducts (three in the domestic fowl) which generally open into the distal part of
the ascending duodenum close to the bile ducts (Fig 6-12). The exocrine part of
the pancreas is a compound tubulo-acinar gland as in the mammal. The acini
are l i n e d by /ymogenic co lumnar cells. Avian pancreatic juice contains
en/ymes, s i m i l a r to those of m a m m a l s , which are impor tan t in the chemical
phase of digestion in I he s m a l t i n l e s t i ne . I I is I.he major source o l ' amylase , and
also c o n t a i n s l ipase, a n d p r o l e i m i M e n i n r l n i l m i ; I r v p M i n T h e I n • ! * [ i l l o l ' l h e
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pancreatic juice provides the necessary environment for the optimum activity
of the pancreatic enzymes. The endocrine part of the pancreas is described in
Chapter 12.

Liver

The liver is composed of right and left lobes which join cranially in the midline
(Fig 6-141. In contrast to the other abdominal viscera, the liver is visible when
the ventral body wall is removed since it is not covered by the fat-laden serosal
posthepatic septum (Figs 6-3 and 6-8). In most species, including the domestic
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left hepatic a.
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KiK (i—14 Liver of the domestic fowl, visceral (caudal) surface. The fissure which is
hown running obliquely across the lower (ventral) region of the left lobe separates its
lnrsal part (above the fissure) from its ventral part (below the fissure). From McLelland

(1979), with kind permission of the publisher.

f o w l , the right lobe of the liver is larger than the left. The left lobe is
subdivided in the domestic fowl and turkey into dorsal and ventral parts (Fig
l i ! • ! ) . However, in many species, including most passerines, it is the right lobe
w h i c h is subdivided. In the domestic birds, at least, there are one or more
mlen iuHl ia te processes which project from the visceral surface immediately
v e n t r a l to the hilus (Fig 6-14). The cranioventral part of each liver lobe
: ;umnmdn the apex of the heart. The caudal vena cava passes through the
dorsal part of the right lobe < Kig 6-14). Much of the visceral surface of I he l i v e r
car r ies impressions of the adjacent viscera. A wtlllittnltlrr urei irs in most.
;,penes i i m l l i es on I l i e visceral suHj iee of the right lob» (Fig 6 M > . Amongst
t h e species i n w h i c h ; i i ' , a l l h l a < M e r h a s been r e p m l e i l I n h. < l > m l a r e I h e
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majority of pigeons, many parrots and the Ostrich. The gallbladder in some
woodpeckers, toucans and barbets is exceptionally long and in a few species
may even extend caudally to the level of the cloaca. At hatching the liver has a
yellow colour caused by the pigment carried with the lipids from the yolk to the
liver in the late stages of incubation. At a variable time after hatching (8-14
days in the domestic fowl), the liver assumes its characteristic dark red colour.

During the evisceration of poultry carcases in the slaughter plant, the liver
along with the gizzard, intestinal tract, heart and spleen is suspended outside
the abdominal cavity for inspection. Afterwards, the liver (minus gallbladder),
heart and gizzard form a major part of the giblets. Since the gallbladder is
frequently cut accidentally in the postmortem processing of poultry carcases,
bile is one of the most common sources of contamination of the carcase.

The liver consists of continuous and anastomosing sheets of hepatocytes. In
many birds, as in man and other mammals, these sheets are one cell thick with
a sinusoid on either side. In the domestic fowl, however, the sinusoids are
separated by sheets which are two cells thick, as they are mainly in lower
vertebrates. The sheets are perforated by lacunae, and the parenchyma
therefore resembles a sponge. Perilobular connective tissue is absent. Conse-
quently, the classic mammalian type of hepatic lobule, with the efferent
(hepatic) vein at its centre and the portal tracts consisting of the afferent
vessels (portal veins and hepatic arteries) and bile ducts at its perimeter, is
difficult to identify histologically in birds.

Each lobe of the liver is drained by a bile duct. In the domestic fowl the
hepatocystic duct drains bile from the right lobe to the gallbladder, while the
common hepatoenteric duct drains bile from both lobes to the duodenum (Fig
6-14). When a gallbladder is absent, a branch of the bile duct drains the right
lobe; this branch, the right hepatoenteric duct, opens directly into the
duodenum.
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