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SUMMARY

The esophagus of birds is thin walled and distensable with relatively
greater diameter than that of the mammals. It is divided into a longer
cervical part and a shorter thoracic one. The length of the cervical part
reaches about 20cm in goose, 15cm in darter, l4em in owl, 12em in
turkey, 8.5cm in kestrel, 6,2em in hoopoe and 2.5¢m in sparrow, Jt starts
from the caudal part of the oropharynx median in position dorsal to the
larynx and the trachea till the level of the 2nd cervical vertcbra in
sparrow, hoopoe, kestrel and darter; 3rd cervical vertebra in goose and
turkey and 5" cervical vertcbra inowl, it curves Lo the right side of the
neck. In goose, kestrel, hoopoe, owl and darter the cervical part of the
esophagus is expanded about 2-3cm alier its origin to form the elongated
spindle shaped crop. In darter this cxpansion occupies the proximal
third of the neck only where it subsides in its caliber to be very narrow
along its course to open abruptly in the stomach, In turkey and sparrow
the cervical part of the esophagus widens immediately cranial to the
thoracic inlet between the branches of the furcula to form the sacular
crop. In goose and kestrel apother cxpansion of the csophagus was
observed in the thoracic part of the csophagus. The length of the thoracic
part of the esophagus reaches about 6 cm in goose, 5 ¢m in turkey, 4 em
in darter, 3 c¢m in owl, 2.5cm in kestrel, 2 em in hoopoe and 1.5 ¢m in
sparrow. The stomach of the examined birds can be divided into three
types dependence on the nature of the diet; soft diet eating birds (kestrel
and owl), hard diet cating birds (turkey and sparrow) and intermediate
diet eating birds (goose, hoopoe and darter). The stomach of the
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examined birds consists of cranial glandular and a caudal muscular parts,
which are externally distinguishable from each other by the isthmus only
in goose, lurkey and kestrel, while it is not externally distinguishable in
sparrow, hoopoe, owl and darter. The glandular stomach is well
demarcated in goose, turkey and well-developed in kestrel. It is in the
form of a spindle shaped structure in goose and turkey while it is
elongated pear shape in kestrel and hoopoe; tubular in shapc in sparrow
and owl as well as narrow tube with the same caliber of the esophagus in
darter. The muscular stomach is in the form of biconvex lens consisting
of a body and two blind sacs in goose, turkey, sparrow and hoopoe,
discoid in form in kestrel and owl and J like stump in darter. The relative
weight of the stomach to the total body weight depends mainly upon the
structure of the muscular stomach in different specics of the examined
birds. Tt represents about 11.8% in goosc, 5.4% in sparrow, 2.9% in owl,
1.9% in kestrel, 1.8% in hoopoe, 1.5% in darter and 1.3% in turkey of
the total body weight. On the other hand, the relative length of the
stomach to the total body length reaches about 32% in owl, 20.9% in
goose, 15.4% in sparrow, 14.3% in kestrel, 12.9% in darter, 10.4% in
turkey and 9.2% in hoopoe. While the relative length of the stomach to
the total length of the body cavity represents about 65.4% in owl, 52.6%
in hoopoc, 50 % in darter, 46.2% in goose, 40% in sparrow, 38.9% in
turkey and 27.8% in kestrel. In goose, turkey and sparrow the inner
surface of the muscular stomach is subdivided into three portions
including a cranial sac. caudal sac and a body. which is covered by the
cuticle. The cuticle is well developed in the dorsal and ventral parts of
the hody and become thin in the cranial and caudal sacs and over the
tendinous ceniers. In hoopoe, darter, kestrel and owl the muscular
stomach is undivided intemally and in hoopoc and darter the cuticle is
more jell like membrane. In kestrel and owl the wall of the
proventriculus contains 4 glandular folds, which extens till the isthmus
to continue with the well-developed glands of the submucosa, which
encircle all the contour of the muscular stomach, These glandular folds
give the gizzard of kestrel and owl a glandular appearance.

Key words: Comparative Anatomy, Esophagus and Stomach Birds.

INTRODUCTION

Only litle information was given by King and McClelland
(1984), Nickel, Shummer and Sciferle (1977). McClelland (1975) about
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the topography and morphology of the esophagus and stomach in fowl,
duck and pigeon. Ibrahim (1992) give a detailed study on the topography
and morphology of the esophagus and stomach in fowl, duck, pigeon,
dove, quail, heron and jackdaw.

The main aim of the present study is to throw light on the
topography and morphology of the csophagus and stomach of different
species of birds (goose, turkey, sparrow, hoopoe, kestrel, owl and
darter.) differ in the nature of [ood intake, including soft diet eating birds
(kestrel, owl); hard diet eating birds (turkey, sparrow), intermediate dict
eating birds (goose, hoopoe and darter).

MATERIALS and METHODS

The present investigation was carried out on the esophagus and
stomach of ten adults (males and females) birds of each of Goose (Anser
domesiica), Turkey ((Meleagris gallopavo), Sparrow  (Prunella
modularis), Bull- headed wood-hoopoe (Phoeniculus bolle), Kestrel
(Flaco tinmmcutus), owl (Asio otus) and Darter (Anhinger rufa) of both
sexes and ol different ages. Certain measurcments were taken including,
length and weight of the esophagus and stomach as well as that of the
body and the length of the body cavity. The birds were weighted then
slaughtered and dissected for topographic study of the esophagus and
stomach. After that, the stomach of each bird was removed and
weighted, then preserved in 10% formalin solution before morphological
study., The nomenclature used is that adopted by the NOMINA
ANATOMICA AVIUM (1979) as if it was possible.

RESULTS
Esophagus:

The esophagus of birds is thin walled and distensable with
relatively greater diameter than that of mammals, as well as within the
avian species where there is a clear close relation-ship between its
caliber and the size of the diet of the food, which they fed on. The
esophagus  connects the oropharynx with the glandular stomach
(proventriculus). It is divided into the longer cervical part and the shorter
thoracic part.

The cervical part:
" In situ when the neck is unexpended, the cervical part of the
esophagus is shorter than the s-shaped cervical region of the vertebral
column. Mostly, the cranial third of it lies ventral o the vertebral column
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in all cxamined bird species cxcept in darter which passes ventrolateral
{0 the vertebral column till the level of the 4™ cervical vertebra where it
becomes dorsal to the level of the 11% cervical vertebra; then return
again lateral to the vertebral column. The caudal two thirds lie to the
right of the column in sparrow, hoopoc, kestrel and owl (Fig. 14,
15.16.17/1) and dorsal in goose, turkey and darter (Fig. 12, 13,18/1). The
cervical part of the esophagus reaches about 20cm in length in goose, 15
em in darter, l4cm in owl, 12cm in turkey, 8.5cm in kestrel, 6.2cm in
hoopoe and 2.5cm in sparrow. It lies in the midline at first dorsal to the
larynx and trachea till the level of the 2™ cervical vertebra in sparrow,
hoopoe. kestre] and darter, 3" cervical vertebra in goose & turkey and 5%
cervical vertebra in owl. As the esophagus courses to the right side of the
neck it is covered only by the skin and accompanied by the right jugular
vein and vagus nerve. In goose, hoopoe, kestrel, owt and darter (Iig. 12,
15.16,17,18 /2) the cervical part of the esophagus is expanded about 3
¢m after its origin to form the clongated spindle shaped crop. In turkey
and sparrow, the cervical part of the esophagus widens immediately
cranial to the inlet of the body cavily between the branches of the furcula
to form the crop (Fig. 13, 14/2).
The crop:

The crop functions as a highly dispensable storage chamber for
food especially in hard diet cating bird and is closely, adhere 1o the
covering skin. In goose, hoopoe kestrel and owl the crop is in the form
of clongated spindle-shaped dilatation with distinct cranial middle and
caudal regions (Fig. 12, 15,16,17,19/2). Moreover, in goose & kestrel
the crop extends about 2-3 c¢m within the body cavity. In turkey and
sparrow (Fig. 13,14.19/2) the crop has the form of asacular ventral
diverticulum from the caudal part of the cervical esophagus. 1t lies on the
right side of the neck and restson the furcula when it is full. In darter
(Fig. 18) the crop is represented by spindle shaped dilatation occupies
only the cranial third of the cervical esophagus. Generally, the inner
surface of the csophagus and the crop is characterized by the presence o [
parallel longitudinal folds (Fig. 20). The size and number of these folds
depend upon the size of the swallowed pieces of food. It is observed
that, these folds are greater in number and well developed in owl,
kestrel, hoopoe and darter where the birds swallow very large pieces of
food; and that of goose as the bird store the food through out the whole
length of the esophagus.

In turkey as it produce a very characteristic voice either for
showing off or for mating call, the circular muscles of the cervical
esophagus just caudal to the crop are well developed. In addition, there
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is an elastic bar area of skin attached with the adventitia of the crop at its
ventral median part and the scapula (Fig. 20), which help in the
mechanism of the production of the voice. These mechanism as, when
the cervical part of the esophagus is inflated with the air from the air
sacs and lungs via the trachea and the glottis; this air is prevented from
escaping rostrally by the tongue and close apposition of the floor and
roof of the pharynx and caudally the trachea, sternohyoid muscle and the
most important is the inelastic bar of skin of the ventral median part of
the crop and the well developed circular muscle of the esophagus caudal
to the expanded crop
The thoracic esophagus:

The thoracic part of the esophagus (Fig. 12-18 /3) is shorter than
the cervical part but its diameter is wider except in darter. It extends
caudally in a straight course dorsal to the syrinx, trachea and between the
extrapulmonary primary bronchi. It is pushed between the syrinx and the
ventral surface of the lung to reach the base of the heart and the dorsal
surface of the liver. At the level of the 2" intercostal space or the third
rib in goose, kestrel and darter; third intercostal space or the fourth rib in
turkey, hoopoe and owl and fourth intercostal space or the fifth rib in
sparrow, the esophagus turns to the left and ends in the glandular
stomach without any line of demarcation in sparrow, hoopoe, owl and
darter (Fig. 7, 8, 10, 11), while in goose, turkey and kestrel it can be
casily distinguished externally (Fig. 5,6,9). During its course the thoracic
part of the esophagus is related to the right and left common carotid
arteries as well as jugular veins. It is closely related to the cervical,
clavicular and cranial thoracic air sacs. This part of the esophagus is
relatively long in goose, turkey and darter where it reaches about 6¢cm,
5cm, and 4cm respectively. While it is relatively short in owl about 3cm,
kestrel about 2.5 c¢m, hoopoe about2 cm and in sparrow about 1.5 cm
(Table 1).

Stomach:

The stomach of all examined birds consists of two chambers the
glandular stomach cranially (proventriculus) which secrete the gastric
juice and the muscular stomach caudally (gizzard) which functions as
the site of gastric proteolysis or mechanical digestion the two chambers
cotinue with each other through an intermediate zone (isthmus).
Depending on the nature of the diet the present study can divides the
stomach of the examined birds into three

types: Soft diet eating birds (meat): as in kestrel and owl in
which the stomach appears as sac like structure oval to round in shape;
with thin wall and composed internally from one part lined by
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uniformally semithin layer of cuticle. The main function of this type of
gizzard is storage the food only. The proventriculus is well developed
(Fig. 9, 10).

Huard diet eating birds (grains): as that in turkey and sparrow in
which the stomach appear as a biconvex lens with very thick muscular
wall. oval or rhomboid in shapc and consists internally of three parts; 2
blind sacs and body; lined by the cuticle of different thickness. The main
function of this type is mechanical treatment of the food. The
proventriculus is somewhat small and of spindlc shape. In these birds the
esophagus is responsible for the storage of food (Fig. 6,7,19).

Intermediate dict eating birds (worms, fishes, fruit, plant) as in
goose, hoopoe and darter in this type of birds the shape of the stomach 1s
somewhat between that of the two proceeding lypes depending upon
which the role of the gizzard is either that of a storage or as an organ
concerned with the physical digestion Its internal surface covered with
jell like cuticle (Vig. 6.8.11 23).

The relative weight of the stomach depends upon the nature ol
the dict; gencrally much of the total weight of the stomach is rclated Lo
the weight of the gizzard. As recorded in (Table 2) and (Figl); the
relative weight of the stomach to the total body weight represents nearly
about 11.8% in goose, 5.4% in sparrow, 2.9% in owl, 1.9% in kestrel.
1.8% in hoopoc. 1.5% in darter and 1.3% in turkey. On the other hand,
the relative length of the stomach Lo the total body length is about 32%
in owl, 20.9% in goose 15.4% in sparrow, 14.3% in kestrel, 12.9% in
darter, 10.4% in turkey and 9.2% in hoopoe (Table 4 & Iig.1). However
the relative length of the stomach to the total length of the body cavity is
about 65.4% in owl, 52.6% in hoopoe, 50% in darter, 46.2% in goose.
40% in sparrow, 38.9% in turkey and 27.8% in kestrel as recorded in
(Table 4 & Tig.2). This result explain that; the stomach occupies more
than the half the length of the body cavity in owl and hoopoe, haif length
of the body cavity in darter, more than one third of the body cavity
length in goose, sparrow & turkey and slightly more than one quarter in
kestrel.

The glandular stomach (proventriculus):

The glandular stomach js well developed in kestrel and well
demarkated in goose and turkey. Tt is spindle shaped in goose, trkey
and elongated pear shaped in kestrel and hoopoe (Fig. 5.6.8.9/a, &). Tts
cranial pole is connected with the esophagus and can be casily detected
externaly by the presence of a constriction at their connection (Fig.
5.6.9/1). Its caudal pole is rounded in shape and represents the basc of
the proventriculuds. In sparrow and owl it is tubular form (Fig. 7.10.
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1la, 4). In darter the proventriculus is ill developed and has the same
width of the esophagus (Fig. 11 a. d). The proventriculus extends cranio-
ventrally somewhat ventrally and to the left on the left side of the body
cavity. Dependence on its length: the extension of the glandular stomach
differs in the different cxamined bird species: in goose the
proventriculus  begins  at the level of the 2nd intercostal space and
extends caudally to the level of the 5% rib (Fig. 12). In turkey and owl
the glandular stomach extends from the Jevel of the 3" intercostal space
till to the level of the fifth rib (Fig. 13,17/b). However. in kestrel the
well-developed glandular stomach extends from the level of the 2
intercostal space till the level of the 4" rib (I'ig. 16/b). In spatrow &
hoopoe the glandular stomach extends from the level of the 4™
intercostal space to the level of the lastrib (Fig. 14, 15/). In ow! the
proventriculus extends from the level of the 3" intercostal space to the
6" rib (Fig. 17). In darter the proventriculus extends from the level of the
2nd rib Lo the level of the 6™ rib (Fig. 18).

The relative weight of the glandular stomach to the total stomach
weight represents about 40.9% in sparrow, 27.3% in kestrel & owl,
13.8% in darter, 13.4% in hoopoe, 11.6% in turkey and 8.9% in goosc.
(Fig-4) and (Table 2). In goosc the glandular stomach mcasures about 6
em in length & 1.9 cm in width, in turkey 3.5 ¢m in length and 1.5 cm in
width, in kestrel is about 1.1 em in length and 0.9 cm in width, in
spatrow 0.7 em in length and 0.2 cm in width, inhoopoe 1.6 cmin
length and 0.5 em in width, in owl 3.5 em in Jength and 1.1 em in width
and in darter 2.3 cm in length and 0.4 em in width. The relative length of
the glandular stomach to the total body length is 13.2% in owl, 10.4% in
goose, 7.1% in hoopoe, 6.3% in kestrel, 5.4% in sparrow and 6.6 % in
darter 5.2% in lurkey. On the other hand, the relative length of the
glandular stomach to the total length of the body cavity represents about
28.1% in hoopoe. 26.9% in owl, 25,6% in darter, 23.1% in goose, 19.4%
in turkey, 14% in sparrow and 12.2% in kestrel. However, the relative
length of the glandular stomach to the total length of the stomach is
about 53.3% in hoopoe. 51.1% in darter, 50% in goosc and turkey, 44%
in kesirel, 41.2% in owl and 39% in sparrow (Fig.1, 4) & (Tabic 4).

In all examined birds the proventriculus is completely conceald
by the left lobe of the tiver of which it makes a deep gastric impression,
the spleen on the medial side and coverd dorsally by the thoracic and
abdominal air sacs, the left testis, ovary& oviduct, caeca and ileum.
Dependence on the nature of the diet the inner surface of the
proventriculus in meat eating birds contains well developed glands
which appear in the form of 4 rows on its sides appear the opening of the
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excretory ducts of the glands of the lamina propria. (Fig. 22), However,
in hard diet ecating birds a number of low and wide papillac are
projecting into the lumen ol the glandular stomach, at the apex of each
papilla opens the excretory duct of one of the glands of the lamina
propria (Fig. 21).

The muscular stomach (gizzard):

The muscular stomach (Gizzard) is a large organ. Iis cranio-
caudal diameter is greater than its dorsoventral one except in kestrel in
which it is circular in shape. In goose, turkey, sparrow and hoopoe the
muesular stomach (Fig, 5,6,7.8) is shaped like a biconvex lens which is
firm to touch and of red calour with a rhomboidal circumferance in case
of goose and lurkey; oval in shape in hoopoe, semicircular in sparrow. In
kestrel and owl the muscular stomach is in the form of a sac like
structure (Fig. 9,10). The craniocaudal axis of the gizzard extends
ventrally and to the right in the left ventral part of the body cavity,
cranially the gizzard related to the left and right lobes of the liver.
dorsally to the left air sac, ovary, oviduct, rectum and left caccum. ‘The
rgiht ventral part of the gizzard is related to the duodenum and pancreas.
The muscular stomach almost fills the left lower quadrant of the caudal
part of the body cavily and even extends beyond the midline to the right
in hoopoe, kestrel and owl where its ventral contour reaches the ventral
abdominal wall. In goose and turkey it extends from the level of the A
rib o about 0.3 & 0.5 c¢m caudal to the caudal border of the last one
respectively. In sparrow the muscular stomach extends about 3¢m more
caudally from the level of the last rib.In hoopoe the muscular stomach
extends from the level of the 6™ rib till the level of the candal border of
the last rib. In kestrel and owl the muscular stomach extends from the
level of the 4"& 5P rib to a level caudal to the caudal border of the last
rib for about 0.5 & 0.9 c¢m respectively. However, in darter the muscular
stomach extends from the level of the 6% rib till to the level caudal to the
caudal border of the last rib for about 2 em.

The weight of the muscular stomach depends upon to which
extend the tole of the muscular stomach for the physical preparation of
the food among the examined bird specics. As recorded in (Table 2) and
(Fig. 1) the weight of the muscular stomach represents about 10.8% of
the total body weight in goose. 5.1% in sparrow, 2.1% in owl, 1.4% in
hoopoe & kestrel, 1.3% in darter and 1.1% in turkey. On the other hand,
the weight of the muscular stomach represents about 94.3% of the total
weight of the stomach in sparrow, 91% in goose, 88.3% in turkey, 86%
in darter, 81.2% in hoopoe, 72.8% in owl and 72.7% in kestrel (Table 2
& Fig. 4). In comparison the weight of the muscular stomach in soft diet
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eating birds with that of hard dict cating birds; the gizzard of the owl to
that of the goose represents about {0.16: 1}. that of the owl to turkey
represented  [0.83: 1] morc over the gizzard of kestrel represents
10.05:1] times that of the turkey and [(9.7)-3:1] in goose. This means
that the weight of the gizzard in birds [eed on dict of soft food is much
less developed than in birds feed on hard items. (Table 2 &Lig. 4). As
recorded in (Tablc 4) that the relative length of the muscular stomach to
the total Iength of the body about 18.9% in owl, 17.4% in goose. 10% in
sparrow, 8.2% in turkey, 8% in Kestrel, 6.3% in darter and 6.2% in
hoopoe. On the other hand. the relative length of the muscular stomach
to the total Iength of the body cavity reaches about 38.5% in goosc
&owl, 30.5% in turkey, 26% in sparrow, 24.4% in darter, 24.3% in
hoopoe and 15.6% in kestrel. However, it forms about 83.3% of the total
length of the stomach in goose, 78.6% in turkey, 65% in sparrow, 58.8%
in owl, 56% in kestrel, 48.9% in darter and 46.7% in hoopoe (Table 4
and I'ig. 4). The muscular stomach of goose, turkey, sparrow and hoopoe
in which the dict consists of predomintly of tough food, requiring
mechanical trcatment before the action of the gastric juice, consists of
body and a small cranial blind sac and asmall candal blind sac. The
cxtensive right and lefl tendinous surface of the body usually united
dorsally and ventrally by much narrow annular surfaces. The
intermediate zone opens into the cranial sac, the junction between the
muscular and glandular stomach usually being marked externally by an
isthmus (I'ig. 5,6,7,8).

The interior of the gizarrd in meat eater birds (kestrel, owl) is
internally undivided, the inner surface is lined by a thin continuous layer
of cuticle i$ uniformly thick and of semi-firm consisting jelly like its
function is probably mainly to protect the underlying mucosa from the
cffects of the gastric juice secreted by the proventriculus (Fig 22). In
grains eater birds (lurkey, goose, sparrow) the interior of the gizzard is
subdivided into three portions including cranial sac, caudal sac and a
body. which can be divided into dorsal and ventral parts. The cranial sac
opens in the dorsal part and the caudal into the ventral part. The cuticle
varies extensively in thickness between the different regions of the
gizzard and it’s of extremely hard consistency (Fig. 21). Tt is best
developed in the dorsal and ventral parts of the body and thinnest in the
cranial and caudal sacs and over the tendineus centers. The cuticle
covers the dorsal and a ventral part of the body is especially thick and
forms the so-called dorsal and ventral griding plates. As with the muscle
of the gizzard the thickness of the griding plates is also asymetrical. The
dorsal grinding plate and the ventral griding plate is thickest cranially
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opposite to  the cranio-ventral thick muscle and this arrangement enable
the griding plates to fit very closely logether and reduce the lumen of the
gizzard to a cleft. In the intermediate type of stomach depends upon the
function of the gizzard, if it is for storage the cavity then is undivided
and lined with sofl uniform thickness cuticle (hoopoe, darters) however,
when it is for mechanical preparation of the food the cavity is subdivided
and lined by hardish cuticle of uncqual thickness spallow (F ig. 24).

DISCUSSION

According to Das and Biswac (1967), King and McClelland
(1984) as well as Thrahim (1992) and as described in this investigation
that the esophagus consists ol a long cervical and short thoracic parts.
Also the position ol the esophagus in goosc and dilferent studied birds is
similar to that of fowl. From the account of Malewitz and Calhoun
(1958) few differences exist between the esophagus of turkey and that of
fowl. Tn this study, the length of the esophagus is about 26 cm in goose,
19 cm in daster. 17 cm in turkey and owl, 1Tem in kestrel, 8.5 e¢m in
hoopoe and 4 cm in sparrow. According to Ibrahim (1992) the length of
the csophagus is about 22.5 em in heron, 18 em in fowl. 15 cm in duck,
14 cm in jackdaw. 10.5 cm in pigeon and dove and 9.5 em in quail. On
the other hand, Latimer and Rosenbaum (1926) stated that the length of
the csophagus in turkey is 22.5-33.5 cm. [n these concern measurements
by Marsden (1940) in young turkeys demonstrated that the cervical
csophagus cxcluding the width of the crop is approximately twice the
length of the thoracic esophagus.

Gadaw (1891), Niethammer (1933) and Ziswiler (1967 a, bj have
described the great diversity i the form, size and complexity of the
crop. According to the above-mentioned authors, the simplest form of
the crop is basically a spindle shaped enlargement of the cranial, middle
and caudal regions of the cervical csophagus. This type was observed in
{his study in goose, hoopoe, kestrel and owl. In the darter the
enlargement was only found in the cranial part of the cervical esophagus.
Only in goose and kestrel, the crop extends about 2-3 cm within the
body cavity: this is in agreement with that described in duck and
jackdaw (lbrahim, 1992). However, Boker (1929) mentioned that the
thoracic esophagus in Strigops is short straight with no crop like
expansion. In turkey and sparrow the hest-developed forms ol the crop
are highly differentiated sac- like structure. which arise as ventral or
lateral diverticulum of the caudal part of the cervical csophagus. This Is
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in agrecement with that mentioned by Ibrahim (1992) in fowl, pigeon
dove and quail as well as by Boker (1929) in birds. The present study is
in agrecement with that of King and McClelland (1984) who mentioned
that the internal surface of the esophagus and crop contain longitudinal
folds that differ in number and thickness according 1o the size of the
swallowed food. The present study agrees also with that described by
Clark et al. (1942); Tonesss and Allred (1942); Garod (1874 a&b):
Niethammer (1937, 1961 & 1966); L.chmann (1941) and Sick (1954)
that the adventitia of the crop connects ventrally with inelastic skin and
the circular muscle fayer of the cervical part of the esophagus caudal o
the crop is very thick which help in production of voice in different
species of birds.

The general appearance ol the stomach varics considerably
between  different groups of birds and seems to be determined mainly by
diet as mentioned by Swenander (1902). In this respect, the present
study divides the stomach of the examined birds into three types: sofll
diet cating birds as in kestrel and owl: the main function of gizzard in
this type is storage of food only. Ilard diet eating birds as in turkey and
sparrow; the main function of this type is mechanical treatment of the
food. The proventriculus is somewhal small spindie shape. In these birds
the esophagus is responsible [or the storage of food. In the intermediate
diet cating birds; as in goose, hoopoc and darter, the role of this gizzard
is either storage or as an organ concerned with the physical digestion.
More or less similar results concerning this aspect in accordance with
that mentioned by Swenander (1902). McClelland (1975), Nickel ct al
(1997 and King and McClelland (1984) where the gencral appcarance
ol the stomach varies considerably between different groups of birds and
scems to be determined mainly by dict.
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LEGENDS OF FIGURES

F

g. I: A histogram showing the relation between the weight & length of

the stomach to the total body weight & length respectivelly,
Fig. 2: A histogram showing Lhe relation between the length and
position of the stomach and length of the body cavity in
different examined bird species,

F

g. 31 A histogram showing the relation hetween the mean percentage
of the weight of the proventriculus and the gizzard of the total
weight of the stomach in the examined birds.

Fig. 4: A histogram showing the relation between the mean percentage
of the length of the proventriculus and the gizzard of the total
length of the stomach in the examined birds.
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Fig. 5-11: A photograph showing the stomach of:
3- Goose 6- Turkey 7- Sparrow 8- Hoopoe

9-Kestrel 10- Owl  11-Darter

(a) Right view (&) Lefl view
a- Esophagus b- Proventriculus  ¢- Gizzard
d- Pylorus with the origin of the duodenum
1- Isthmus 2- Body
3- Cramal blind sac with craniodorsal thin muscle
(3) 4- Caudal blind sac with caudoventral thin muscle.
(4) 5- Dorsal and 6- ventral parts of the muscular stomach with
the cranioventral
{6) and caudodorsal  (5) thick muscles.
7- Tendinous aponeurosis
8- Caudal transverse groove
9- Cranial transverse groove.
I'ig12-18: Diagrammatic illustration of the esophagus and stomach in:

12- Goose 13- Turkey 14- Sparrow

15- Hoopoe 16- Kestrel 17- Owl

18-Darter  (Right view) showing:

a- Trachea b-Scapula ¢-First rib d-Last rib

1- Cervical part of the esophagus  2- Crop

3- Thoracic part of the csophagus  4-Proventriculus

5- Gizzard 6- Duodenum.

Fig. 19: Diagram showing the shape of the crop in different examined
bird species.
A- Turkey
C- Goosc. Hoopoe, Kestrel, Owl and Darter.

B- Sparrow

Fig. 20: A pbotograph showing in turkey:
T-trachea  S- shoulder joint
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-The longitudinal folds of the inner surface of the crop. (arrow)
-The elastic skin at the ventral aspect of the crop. (*)

Fig. 21: A photograph of opened stomach of turkey (grain cating bird)

showing:
o- Esophagus p- Proventriculus i- Isthmus
g- Gizzard ¥ - Pylorus.

with the origin of the duodenum.

e - Mucous membranc of the esophagus.
M.M of the proventriculus with the orifice of the glands. (arrow)
e- Mucosa of the cranial & caudal blind sacs (cuticle).

h- Mucosa of the body

k- Cranio-ventral thick muscle

u- Caudo-dorsal thick muscle.

Fig. 22: A photograph of opened stomach of kestrel (meat eating bird)

showing:
o- Esophagus  p- Proventriculus i- [sthmus
g- CGrizzard v- Pylorus

with the origin of the duodenum.

e - Mucous membrane of the esophagus (arrow) longitudinal
glandular folds of the mucosa of the proventriculus.

(*) Four raw ol mucosal folds of the gizzard cncircles the all
ol'its counter.

Fig. 23: A photograph of opened stomach of darter (fish cating bird)
showing: The interior of the gizzard one compartment,

0- Esophagus  p- Proventriculus i- Isthmus
2- Gizzard y- Pylorus

with the origin of the duodenum.

e - Mucous membrane of the csophagus

g- Jill likes cuticle membranc with the same thickness.

36



2001

io. 88, Januar:

Assiut Vet. Med. J. Vol. 44 N

ILFOYR LoFsel | TInFiEl i CLrysel [EEER A YT lyrsel L0E651 SHFENL | - UL
ESF8IL TOFPIT | TOTIOT LR FOELT L0 gY ! OTH 1 E9E _ LLb3F6E ! LTML6ET . st :_.cm_ WO
ErELOU VOFHL | LODTST) | LhOTEELL 10 ish torern | aworest [ arurgel | SLIE6R | RINN
(S RATAL] noFert .;_.a 1Tl LOTLrEL o7 ree o¥zn LD FELY 800 s.ov._ T9758 aodvogy
L FIT FOFLIS | BODFSIL €570 F 360t SI0FTT B0GFSH 1InFees nrLel sTEgEL | monudy
Lg7E88 POFPLY | £TFEI6T L OLDFTYIL Lo FS1'0 SLOFGE L0 FoE' CLFCCLE | ST06 F /8T faypmy
197006 | oL #9408 POIEIO | BTOT LA Lenovol G asl PR L GYLILLLL g 1 Host arenn
aldepuvasad | 2Bmusaad n@ ....:L, .:.)m.v uanad ) ‘uw___:uo.u_._ . njdaa
FECTEIN Apog phe2zd FHEET aivwaad fpe Apoy auengs Widam .
JpTZIO SpaezzIey sy ALUAADI] | QENURLHONS0R] | yTIRA Sj0SYY Aoy ANUSQY | Apoy o), Pug _
SPAIG pouiuIeXs Ul syted JRmoLuaA puv ..f:ﬁ::?»o.&
S1 s jom se torwols 3yl Jo 1gFm qySem Apoq 3yl jO SIN[RA JALRPI puk IINjOSGY (D) 9elL
TIFLIT LENTOR OF'9 ES68L Le1sost 21E061 _ Jauec|
LI F9LL D40y o ARt Lairl 0V NLl 180
(EC7LTT GLNnTsT FRS SELL W=y ...m.a T 12153
801 FSET SUNFNT TIS+6TL W0TLH L90%58 uan_no_.ﬂl
BLTFSLE FLOF¥SL PTEE9 YINFST tHTor mosed
LOTTR6T LEQF 'S L1908 U1 =0Tl : ANIRE XA Ay,
LTLFIRL STNFNY ELSTHUL Tl Pz LUTFO9T aseagy
(e {1piduz {npduay
o) 2nnejas) Lnd aoeion ), angesqu] e sl peieg, g

‘spaIq paunExa U Ul (wo u) sued sy pue snBeydosao ay) jo y13ua) 3yl Furmoys (1) 91981,

31



muary 200/

, Jal

No. 88

Assiut Ver. Med. J. Vol. 44

DAL UL3bIL CO¥ELY Tirdst 0y iFe 9 LETEN fvreos .n_‘..low_ _u_zsa
Ev <88 TLFe8E L0¥i88t WL TiTuwe (LAY RRAT S LTREE NZJM.. 12113
G Fudy Lhruyt Gl iy LEv1u Lhree KLUl [EARESL ) .._;Z. LB ) :ﬂn._‘n%‘ llul_l;.m_
SEFLIK BIFERE ey EFLES TSy | sca= 1TEVsst HEIES n.:wrmﬂ., . SLEIW §0416
ST FNSY [XATLA a1 001 T _lwnipEi HEQ ORLY 10y Ly |y:.~_._:x. ao.f_.
3VFYRL TTECOE o¥siy LTS UL A RE 1K BUIFCIL [ESLE: SrITogr ZIETEE L1001
1§¥£€8 LTFSBE tawatel BECTO RETEONL LR _MTarRAE | L0001k RHL I $1r6at
! ) H
Yoo Aauz agwo Kuaes Api £pog Aneaea Apaq Suans Apog Anaes Apoq ESETE)
Kpog Apoy QN b MiEas Aot ordal . dpoa SpoiE
paezy [PIRZZID pIeTIIn o i DI 21157F1503 __dusen a13isedang B e Asog pits)
SpAG PauRUENS W N2 £poq sy unia uornsod si sk (s sk {eed £pog jo dua)
ay3uy £poq [#10§ 31 0} sHd JLNOSRU puE PR SH puk orwo)s Ay jo saderaotad WEuay uraws A Quimons :(p) e
=
{9 °g Fu )k panzziT 21 uo {E] SAUTAREOS NS sl A1) PUE LA A[0ts A1) [0 SIXE Lempnniuoy
augs Fuoqe naxer sid o s g sepepiegd si o 1A A |0 SRS DU 1AL SSA) SURARIIS U3 O mdea] e AL AN
IDDFTT wn e 1orsl W00y i RAARE RS AN 061 F 06 _ RTTOSE _ s
LODF S o 1Ln¥Fse MRS _ Woidr ROMEF (49 _ LS8 100 rirel 6571 FS9T )
LNFHE 300171 LGN _GONFST ZL0F Sk 6107 8T ST TO6 np1EsLl sy
LOOF Y CInFyl A RN E1NTrse LODT UL LontLs 91l £5°LT aodoagg
800% €1 IUNT LD CONTLO J00F0T 600 % 5T H0FOL SLHINg GUiangl | wouuds
NS oS SN Lo L | TE0 it #L L OYL LSSy Sagnf,
o1 #0008 RINF09 F10F08 IR 1ZDT6L oreTeT 1T 7097 AP F L _osu0n |
duny unidin ] i . iy 3 iR
|| prezzig SHNALNLUAACL] aimsuiiso] uniBaz oL seiaL _ yrewng Srava dpogl Apoa |HioL it}

spred denosnu pue 1e|npUE|S S YiM Y2RWOls (SuotEal E.‘:m«mﬁo.m pue o1sed

‘uisedasd s11 yias) Kaed £poq paq A JO SYITUY AIN[OSYE A JO SAN[EA LRI 3G} Guimoys () 2[qel




Assiut Vet. Med. J. Vol. 44 No. 88 _January 2001

Fig (1): Histogram showing The mean percentage of the stomach weight length ta the
total body weight and total body length in studied birds..

35
EGoose N Turkey E&Sparrow

?52, “{EgHoopoe m@Kestrel gz0w!

ne B Darter

25 |-

20 | e

L e

10

S o o B oo

0 = RS
Stomach weight percentage/body Stomach length percentage/body

Fig (2): Histogram showing the relation between the length and position of the stomach

% and body cavity in studied birds.
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Fig (3): Histogram showing the relation between the mean percentage of the weight of the
proventriculus and gizzard to the total stomach weight in studied birds.
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Fig (4): Histogram showing the relation between the mean percentage of the length of the
proventriculus and gizzard to the total stomach length in studied birds.
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'Fig(15)
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Fig(18)

F 1g(19) A Turkey 13: Sparrow - Goose, heopoe. kestel, owl & darter
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