o ) WRNAL
Journal of Life Sciences STANT,
5 ©
Research ¥
ISSN : 2408-9184 'ﬁ)‘-.é)i:
Vol. 1, No. 4, 80-92, 2014 AN\ /OS5
http://asianonlinejournals.com/index.php/Lifsc/index o

Gross Anatomical Studies of the Oropharyngeal Cavity in
Eurasian Hobby (Falconinae: Falco Subbuteo, Linnaeus
1758)

Mohamed M. A. Abumandour®’

!Lecturer of Anatomy and Embryology, Faculty of Veterinary Medicine, Alexandria University

Abstract

There is no descriptive information about morphology of the oropharyngeal cavity of Eurasian Hobby.
There is a common oropharyngeal cavity of Eurasian Hobby as reported in all avian species. The oral
cavity of the Eurasian Hobby takes the triangular cone shape, while the roof of the oral cavity was formed
by an incomplete hard palate, which presents by a long median choanal cleft, which connects the
oropharynx to the nasal cavity. The choanal cleft divided into two parts; the rostral long narrow part and
the caudal wide part. The infundibular cleft is very narrow, small, shorter, and more caudal midline slit-
like opening. There were numerous conical backward papillae were scattered singly or arranged in five
rows on the roof of the oral cavity. The arranged five rows of conical papillae; first row was the transverse
huge caudomedially directed conical palatine papillae, encircled the choanal cleft. The second and third
rows are longitudinal rows of the caudomedially directed papillae, were located parallel to the rostral
narrow part of choana on each side. The fourth row is semicircular row of caudomedially directed conical
palatine papillae, while the fifth row is oblique line of palatine papillae. The roof of pharynx has two
semicircular papillary rows on the caudal border of the pharyngeal folds. The elongated tongue is non-
protrusible and not extended to fill the limit of the lower beak. The laryngeal mound contains middle,
elongated opening (glottis) which connected to the trachea and not guarded by the epiglottis.
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1. Introduction

Falconidae family was belonged to order Falconiformes, this family was divided into two subfamilies;
Polyborinae (includes caracaras and forest falcons), and Falconinae (includes falcons, kestrels and falconets). The
subfamily Falconinae has five genus; Herpetotheres, Spiziapteryx, Polihierax, Microhierax and Falco. The Eurasian
Hobby was one of 11 species of family Falconidae in Egypt and was belonged to Genus Falco (include, true falcons,
hobbies and kestrels) and subgenus Hypotriorchis [1]. The Eurasian Hobby has two subspecies; subbuteo and
streichi [2]. The morphology of the bird oropharynx gained special attention in earlier descriptions of Goppert [3]
which compared this structure of numerous avian species. This study was later supported by McLelland [4] who
described in detail the structure of the oropharynx of many domestic species such as fowl, duck and goose and
described that the oral cavity and pharynx form a common chamber called the oropharynx as noted by [5-8]. The
morphological features of the oropharyngeal cavity were studies in various avian species as noted by [9-13].

It is well known that the tongue of the bird is intimately related with the birds the problem of methods of food
obtained so the tongue act many functions according to the methods of food obtained; serve as a probe or spear (as
woodpecker), a seieve (as ducks), a capillary tube (as sunbirds), a brush (as Trichglossidae), a rasp (as vulture), a
barbed organ (as penguin) [14]. The differences of various feeding habits among birds, environmental conditions,
dietary specialization and specific adaptation for the collection, manipulation or swallowing of food are reflected in
the anatomy and functional characteristics of their tongue [15-21]. In our literature review, we could not find
sufficient information about the Eurasian Hobby except [22] on the histomophological studies of stomach. From the
previous published data, we not find sufficient information about the oropharyngeal cavity and its structures of the
Eurasian Hobby. In this study, our aim was to comparatively study the gross anatomical features of the
oropharyngeal cavity in the Eurasian Hobby, in addition to reviewing the literature and comparing our findings with
the literature.

2. Materials and Methods

2.1. Samples

The heads used in the present study were collected from 8 adult normal healthy Eurasian Hobbies weighing
approximately 150 g, were captured from Desouk city, kafre El-sheik Governorate, Egypt. Then the birds were kept
in individual cages, fed with new-born rats, chow for dogs and water adlibitum during 3 days at circadian time table
(12 h of light and 12 h of dark).

2.2. For Gross Morphology

All Eurasian Hobbies were sedated by Rompun (Xylazine hydrochloride 20 mg/ml), then anaesthetized with
chloral hydrate. After all the Eurasian Hobbies were anaesthetized, they were well bled via the common carotid
artery (sexes and body weights were not recorded). The adult normal healthy Eurasian Hobbies of both sexes were
used to demonstrate; the gross anatomical features of the oropharyngeal cavity. Four heads of the Eurasian Hobbies
were used as fresh and four were formalized in a 10% formalin solution. To obtain good observation, we should open
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the mouth cavity wider; the beak's angles were incised. Then anatomical position and shape of all the structures
included in the oropharyngeal cavity were studied in details. Finally, measurements were carried out on beaks,
tongue, choanal slit, infundibular opening and glottis by ruler. Then the gross morphological features of the
oropharyngeal cavity with its all structures were examined in situ by the nacked eyes, next dissected, and
photographed by digital camera (Sony).

The anatomical nomenclature used was based on Nomina Anatomica Avium (NAA) [23].

3. Results

3.1. General Characters

As all birds, the oropharyngeal cavity of the Eurasian Hobby lacks a soft palate, and there is no any separation
between the oral cavity and pharynx producing a common chamber (oropharynx), in which this common cavity
extended from the beak to the esophagus. The oropharyngeal cavity consists of; the roof (formed by incomplete hard
palate, include infundibulum slit) and the floor (formed by mandible, tongue and laryngeal mound). The lips and
teeth are abscent, in which their function replaced by the edges of the beak and the muscular stomach. The oral
cavity of the Eurasian Hobby takes the triangular cone shape, with apex rostrally (fig.1 and 2).

3.2. Beak

The beak consists of the upper and lower beak (fig.1:1, 2). Both beaks are covered by a horny sheath, which is
very hard and rigid. The basis of the upper beak is formed by the incisive bone while the lower beak by the rostral
part of mandible. The size and shape of the beak are related not only to the type of food the bird eat but also to their
method of food prehension, so the edges of both upper and lower beak are sharp and thin and have pointed end
rostrally to related to its method of food obtained as the Eurasian Hobby was belonged to the carnivore's bird so their
beak adapted to their nature of feeding habits. Upper beak is very black in color and much curved (convex dorsally)
and very concave ventrally with its rostral end very sharp, and ventrally convex. The upper beak reaches to 2.5cm in
length and connected caudally to horny yellowish lamellae which contain caudal to it, the external nares which not
covered with operculum. Lower beak is concave in shape dorsally (to receive the tongue) and nearly straight
ventrally to receive the sharp pointed upper beak and also connected caudally to the horny yellowish lamellae. The
lower beak reaches to 1.5cm in length. The angular commissure between the upper and lower beak is covered with
very thick horny yellowish lamellae. There is median transverse ridge on the inner surface of the lower beak which
not present in the upper beak.

3.3. Roof of the Oropharyngeal Cavity
3.3.1. Palate

The roof of the oral cavity was formed by an incomplete hard palate (fig. 2 and 3). This palate presents by a long
median cleft called choana (choanal cleft, palatine cleft) (fig.2 and 3:8, 9), which connecting the oral cavity to the
nasal cavity. The choanal cleft reaches to 25ml in length and divided into two parts; the rostral narrow triangular part
(14ml in length, 3ml in wide caudally and 0.1cm rostrally) and the caudal wide part (11ml in length and 4ml in wide
middle part). Rostral to the choanal cleft, there is a shallow triangular median palatine swelling area (fig.2:a), which
wide rostrally and pointed caudally and rich by small sized caudally directed conical papillae. In the region of the
narrow part of the palatine cleft and a little apically to it, the somewhat concave roof of the oral cavity is separated
from the edge of the upper beak by the very clear lateral palatine ridges (fig.2:4), (fig.3:7), which reach to 20ml in
length and 2ml in thickness (at middle part). The part of the palate framed by the lateral palatine ridges is known as
choanal field (fig.2:b), in which the shape of this area corresponds closely to the shape of the dorsum of the tongue.

There were numerous conical backwards directed papillae were scattered singly or arranged in rows; the surface
of the incomplete hard palate have numerous scattered singly caudomedially directed conical palatine papillae
without characteristic shape (fig.2:13), (fig.3:5). While the arranged conical palatine papillae are arranged in a five
rows; the first papillary row is the transverse huge caudomedially directed conical palatine papillae, were arranged in
shorter conical papillae encircled the choanal cleft (fig.3:1). The second and the third papillary rows are two
longitudinal rows of the caudomedially directed papillae, were located parallel to the rostral narrow part of choana on
each side (fig.2:5), (fig.3:2). The fourth papillary row is semicircular row of caudomedially directed largest conical
palatine papillae (24-30 papillae) (fig.2:6) (fig.3:3), this row is convex rostrally and concave caudally, which begin
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between the rostral and caudal parts of the choanal cleft. The fifth papillary row is oblique line of caudomedially
directed palatine papillae (fig.2:7), (fig.3:4). A similar there are only one semicircular papillary row (7—14 very small
papillae), was detected on the caudal border of the two oval pharyngeal folds (fig.2:11), (fig.3:6), while there is no
any papilla around the infundibular cleft.

3.4. Infundibular Cleft

Just caudal to the choana there is an opening called the infundibular cleft (pharyngeal opening of auditory tube)
(fig.2:12) (fig.3:11), which limited by the two oval pharyngeal folds (fig.2 and 3:10), this cleft situated in the roof of
pharynx between the two pharyngeal folds. The infundibular cleft is very narrow, small, shorter, and more caudal
midline slit-like opening common to the right and left auditory tubes, which reach to 2ml in wide and 8ml in long.
There is a previous discussed semicircular papillary row, this row of papilla mark the end of pharyngeal cavity and
the beginning of the esophagus. There is no any papilla around on the two oval pharyngeal folds. There is no also
any scattered papillae on the roof and floor of the pharyngeal cavity.

3.5. Floor of the Oropharyngeal Cavity

It is concave triangular depression in shape, present between the rami of mandible of the lower beak which
accompanied by the tongue. The floor of oral cavity is small than the roof and consists of mandible, tongue and
laryngeal mound (fig.2, 3 and 4).

3.6. Tongue

The elongated tongue of Eurasian Hobby is lay approximately in the middle of the floor of the oropharynx which
supported by a deliacted hyoid apparatus and fitting into the gap between the mandible, and play a major role in the
moving the bolus within the oropharynx into esophagus while the choanal cleft is closed (fig.2 and 4). The Eurasian
Hobbies tongue is non-protrusible, and not extended to fill the limit of the lower beak, in which reach to 25ml in the
length. The tongue is formed of three part; the base (lingual root), body and the free end (lingual apex) (fig.2: T, R)
(fig.4:Ta, Th, Tr). The free end of the tongue is bifurcated into two pointed lateral small end (fig.2:14) (fig.4:Tf) and
attached to the sublingual floor by the lingual frenulum, in which this free end cover mainly large part of the
sublingual and prefrenulum part of the floor of the mouth. The papillary crest with one transverse papillary row of
conical caudally directed lingual papillae was located between the lingual body and lingual root (Fig. 2 and 4:P). The
papillary crest was "V" shape reaches to 5ml in width, so the lingual root nearly triangular shape with their apex
rostrally. In the papillary crest, there were 12—-14 large conical caudally directed lingual papillae. The conical papillae
of both lateral borders of the papillary crest were very large and very pointed, while the conical papillae of the
medial region of the papillary crest were smaller. Macroscopically, there were no papillae or other lingual projections
on the dorsal surface of both the lingual body and root (Fig. 2 and 4:T).

3.7. Laryngeal Mound (Mons Laryngealis)

In the pharynx, caudally to the base of the tongue, there is elevated triangular area called the laryngeal mound
(fig.2 and 4: L), with their apex cranially. The laryngeal mound contain middle, elongated opening called glottis or
laryngeal cleft (fig.2 and 4:G), which connected the oropharyngeal cavity to the trachea and not guarded by the
epiglottis. This opening reaches to 15ml in length and 3ml in wide (at its middle part). There are two transverse rows
of large sized, caudally directed conical pharyngeal papillae; rostral and caudal row, which present at the caudal
border of laryngeal mound (fig.2:13) (fig.2:Lp), in which the medial papillae were larger than the others. There were
no papillae on the surface of the laryngeal mound or throughout both the lateral borders of the glottis (laryngeal
cleft).

The morphometric data of all structures in the oropharyngeal cavity of the Eurasian Hobby are shown in Table 1.

4. Discussion
4.1. General Features

There is adaptation between the habitats of birds with their feeding habits; in the air, on land and on and around
fresh water and sea water with respect to food sources. Birds have different feeding habits, with corresponding
differences in the structure of their oropharyngeal cavity, so the structure of the avian oropharyngeal cavity
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frequently gives some clue to the principal diet and manner of feeding in each species, for example probe or spear in
woodpeckers, sieve in ducks, capillary tube in sunbirds, brush in Trichglossidae, rasp in vulture and barbet in
penguin. The boundaries and components of the oral and pharyngeal cavities of the ostrich agree with the general
avian pattern as previously described [3, 4, 7, 24]. Our study agree with the classical anatomical descriptions of the
avian oropharyngeal previously described by [4, 7, 8, 25-28] that, the oral cavity is characterized by the absence of a
soft palate, so there is no obvious separation between the oral cavity and pharynx but there is obvious morphological
constriction separating the mouth from the pharynx. The roof of oral cavity formed of incomplete hard palate,
because of the presence of a choanal slit that extends longitudinally in the midline of the caudal half of the palate
which connects the oropharynx to the nasal cavity. However, [29] described a margin between both cavities at the
level of the caudal lingual papillae in the mallard.

4.2. Beak

The wide variation in the morphology of the avian beak is related to the adaptation of strategies for obtaining
food, feeding methods, and different kinds of food and climate conditions [19] as the upper and lower beaks of birds
function as prehensile organs and assist in the incomplete break-down of food [8], so there is species-specific in the
shape of the beak for example; In the present study in Eurasian Hobby, the upper and lower beak are covered by a
horny sheath, which is very hard and rigid, in addition to the upper beak is much curved and very concave ventrally
with its rostral end very sharp, while the lower beak is concave in shape dorsally to receive the tongue and nearly
straight ventrally to receive the sharp pointed upper beak. The beak of partridge is curved, flat, hard with a sharp
extremity [26]. In the fowl and pigeon, the beak is pointed and the hard horny sheath of the upper beak was extended
in a hook beyond that of the lower beak, in which the edges of both the upper and lower sheaths are sharp, while in
the duck and goose, the spoon-shaped beak is almost completely covered by a soft, yellow waxy skin and the point of
beak is of different texture and forms a hard horny plate shaped like a finger nail [8]. In ostrich, [30] noted that the
flat spoon-shaped beak is covered by a hard horny. In other groups of birds such as in; flamingos and anatids [31],
emu [32] and ostrich [33] noted that the rostral mandibular tomia is serrated, in addition, the maxillary tomia are
narrow, strong and sharp, while the finding in the emu and ostrich contrasts with the statement by [34, 35] that the
bill in ratites is relatively less adapted and non-specialized because of its sole function of holding food and that the
tomia are blunt and rounded, but [36] noted that the bill of the emu requires little strength because of their diet and
that these birds only require the ability to ingest large objects. Our study agree with Crole and Soley [32] that, There
is median transverse ridge on the inner surface of the lower beak which not present in the upper beak.

4.3. Roof of the Oropharynx
The classical anatomical descriptions of the roof of the oropharynx of Eurasian Hobby are nearly the same
previously described and illustrated in many species of birds [4].

4.3.1. Anatomical Characteristics of the Palate

Our study agree with the previous published data [8, 25, 26, 37] that, the palate consists of two parts; the anterior
and posterior part, the anterior part lies apical to the choanal slit and a posterior part is divided into two regions by
the choanal cleft, but Eurasian Hobby palate has special character in which, in the anterior part, there is a median
triangular area, which have a number of small sized caudally directed papillae. There is somewhat species-specific in
the shape of the avian choanal cleft for example; in our work, there is an elongated median choanal cleft, connecting
the oropharynx to the nasal cavity and the choanal cleft divided into two parts; the long rostral narrow triangular part
and the caudal wide part. Palatine cleft is very long in fowl and pigeon but short in duck and goose [8], while in the
African pied crow the choanal cleft is consists of a narrow rostral portion and an enlarged caudal portion [38]. [27,
28] noted that the choana in the ostrich is very short and restricted to the caudal aspect of the palate, and the choana
formed inverted V-shaped depression, as other species such as herons and ducks [4], while [27] added that the
choanal cleft may take the bell-shape. Our study agree with Erdogan and Alan [11] in magpie and raven that, there
are numerous conical backwards directed papillae were scattered singly or arranged in rows, in which the palatine
surface have numerous scattered singly caudomedially directed conical papillae without characteristic shape. In the
present study, the first record of the five arranged papillary rows of conical palatine papillae; the first transverse row
is the huge caudomedially directed conical palatine papillae, encircled the choanal cleft as noted by [11, 39, 40]. The
second and third longitudinal rows of caudomedially directed papillae, located parallel to the rostral narrow part of
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choana on each side. The fourth semicircular row of caudomedially directed largest conical papillae, while the fifth
oblique row of caudomedially directed papillae. Our study agree with Erdogan and Alan [11] that, the papillae
organizing around choanal cleft obstruct escaping of foods into cleft and the others facilitate the movement of
nutrients into the esophagus. Tadjalli, et al. [30] in ostrich, reported that the anterior two thirds of hard palate contain
no papillae, while the caudal part of the palate contain short and slender papillae surrounding choanal cleft. In
contrast to our result that noted the presence of the caudally directed papillae in the median triangular area of the
anterior part of the palate [11, 41] in ostrich, emu, and raven and magpie, noted that the rostral part of palate lacks
papillae, while in ostrich and in rhea [34] reported the completely absence of palatine papillae. The palate of fowls
and pigeons has caudally pointing papillae arranged in several transverse rows, but the palate of goose has a median
and 2-3 paramedian longitudinal rows of blunt papillae and in the duck, these papillae are confined to the apical
region. In these species, moreover the duck and goose the edges of palate carry pointed papillae [4, 8].

There are species-specific in the presence or number and shape of the palatine ridges between the avian species
for example; in the present study in Eurasian Hobby, in the region of narrow part of the palatine cleft, there is a very
clear two lateral palatine ridges and these ridges not join apically, but [4] noted that in other avian species, the
mucosa of the palate frequently forms lateral, median and intermediate ridges, while in ratites [30, 34, 35, 42] and
Sagsoz, et al. [43] in the Chukar partridge, observed that the palatine mucosa formed a single median longitudinal
ridge which extended the length of the palate rostral to the tip of the choana. Although, the palatine ridges were
completely abscent in in raven and magpie [11]. Our study suggested that the ridges and different directed pointed
papillae in palate play a role in transport of food as noted by Nickel, et al. [8]. In our work, the part of the palate
framed by the lateral palatine ridges is known as choanal field, in which the shape of this area corresponds closely to
the shape of the dorsum of the tongue as noted [8].

4.3.2. Pharyngeal Folds and Infundibular Cleft (Plica Pharyngis)

In our work, the most obvious feature in the roof of the pharynx is the presence of two oval pharyngeal folds se-
parated by very narrow, small, shorter, and more caudal midline slit-like opening (infundibular cleft, while
infundibular cleft resemble tiny fissure [44]. The present study agree with Erdogan and Perez [40] that, the caudal
border of pharyngeal folds contain only one papillary row of very small papilla, which mark the end of pharyngeal
cavity and the beginning of the esophagus. In contrast to our result, [30] mentioned that the ostrich characterized by
the lack of this transverse row of papillae caudal to infundibular cleft. Choana and infundibular slit open together in
budgerigar [45]. In addition our study, observed that there is no any papilla around and on the two oval pharyngeal
folds.

4.4. Floor of the Oropharynx

In our work, the floor of oral cavity takes the shape of triangular depression to adapt with the tongue shape and
consists of mandible, tongue and laryngeal mound. In the ostrich, [30] noted that the floor of mouth is a concave
depression, the shape of tongue is adapted to the lower beak and is therefore very variable [8]. Bailey, et al. [46] in
captive bustards reported that the tongue lying in the floor of the oropharyngeal cavity, in a fossa between the rami of
the lower mandible.

4.4.1. Tongue

The shape of tongue in birds have two probalities of adaption, the first probality, the tongue is closely related
with the form of the lower beak [8, 26, 47-50], while the second probality, there is no any relation between the
tongue shape and the size of lower beak, for example; The ratite is characterized by short tongue which described as
a rudimentary tongues or vestigial organ and not adapted to the size of lower beak as in; cormorant Phalacrocorax
carbo [51], in ostrich and rhea [10, 41, 52-54] or the elongated tongue in wood-peckers [55].

The shape of the tongue is species-specific among avian species, so there are several forms of the tongue shape
to adapted eating habits, types of food, and lifestyle for example; the triangular form of the tongue is the most
common among the avian species as noted by Rossi, et al. [26] in partridge, [26] in quail, [56] in chicken, and Nazan,
et al. [37] in Marmara region sea gulls. In our study in Eurasian Hobby the tongue is elongated as noted in European
magpie and common raven [11], moreover, an elongated and oval tongue is a characteristic feature in water birds, as
duck and goose [17, 25, 57], however the tongue of Little Egret, black-crowned night heron, and green-backed heron
which feeds on fish and frogs were needle-like or had a spearhead-like shape [58]. In addition, there are different
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shape of the tongue for example, in the pigeon, the tongue is narrow and broad, lancet-shaped in fowl [8], while the
tongue of the Jungle Nightjar is a spearhead-like shape [59]. The tongue of the kakapo is relatively short and wide,
whereas the tongue of kaka is comparatively long and narrows [39].Bailey, et al. [46] in captive bustards reported
that the tongue is arrow shaped with serrations along its edges. The ratite is characterized by short tongue as noted by
[3, 27, 30, 60-63] that, the tongue is semicircular, short and broad. So our result suggest that the morphological
differences and variations appearing in the tongue of avian species are directly associated with dietary specialization
and food type they consume, and adaptation to environmental conditions surrounding them [17, 49, 50, 64].

Our work in the Eurasian Hobby agree with Erdogan and Alan [11] in magpie, [56] in chicken, [65] in penguin,
and Santos, et al. [54] in Rhea Americana in the absence of the lingual median groove, but this groove is a
characteristic feature in some avian tongue as in; White tailed eagle [64], Egyptian goose [57], southern lapwing
[40], golden eagle [49], Northern goshawk [48], Middendorff’s bean goose [17] and in Nutcracker [66]. While in the
anterior part of the little tern tongue, there is a median line [67]. On the dorsal surface of the short tongue of the
cormorant, in the midline a crest is found, resembling a ridge, reaching both ends of the organ [51].

There is a species-specific in the shape of the lingual apex, in which in our study we suggest that the shape of the
lingual apex exhibit adaptations specific for the collection, manipulation of foods, eating habits and lifestyle in
different environments. For example; The characteristic feature of the bifurcated lingual apex is only encountered in
few avian species as; in our study in Eurasian Hobby, [11] in magpie, [45] in duck and goose, [48] in Peregrine
falcon and Common kestrel, [68] in owl, [69] in northern fur seal, [70] in red jungle fowl, [71] in beaver, and Iwasaki
[67] in little tern. However, in Nutcracker [66] noted that the tongue have a pair of dagger-like processes, modified
“‘lingual nail’’ that plays a key role in levering up and shelling seeds, and moving them over the lingual median
sulcus. Moreover, in birds whose tongues are used for collecting foods, the tongue can be extended from the
oropharyngeal cavity and tongues typically have lateral barbs, needle-like processes at the lingual apex [16, 18, 55,
72]. In addition, there are different shapes of the lingual apex such as; a pointed lingual apex in chicken [56], in adult
zebra finch [73] and El-Bakary [74] in hoopoe, round flat lingual apex in goose, swans, spot-billed duck and quail
[17, 50, 75-77], a blunt round apex in male Ostrich [10], an oval-shaped apex in raven [11]. Our work in Eurasian
Hobby agrees with [8, 45, 46, 70, 78, 79], that the tongue is non-protrusible and not extended to fill the limit of the
lower beak. However, in lamellirostres and white tailed eagle, the tongue is completely fills the floor of mouth [8,
64]. Whoever in many birds, as humming birds, insectivorous and sunbirds the tongue is long and protrusible for
collecting the food particles as noted by King and Mclelland [44] and Igwebuike and Eze [38] in the tongue of
African pied crow. Our study suggest that the characteristic features of the protrusible or not of the avian tongue is
adapted for the eating habits as noted in; tongues used to manipulate food, such as in piscivorous species, are non-
protruding and covered with stiff, sharp, caudally directed papillae [80, 81] and a good example of such adaptation is
the tongue of the woodpecker, which extends a considerable distance from the oropharyngeal cavity to catch insects
and larvae inside trees [44, 82]. The most distinguishing structure on the lingual body in Eurasian Hobby as in most
birds is the presence of conical papillary crest that separated lingual body from the lingual root and was pointed
caudally, and this crest carrying the caudally directed conical papillae which play a major role in the directing foods
to the esophagus and also plays an important role in preventing the regurgitation of small and large nutrients guiding
to oesophagus from the lingual surface as noted by [11, 40]. The presence of rudimentary tongue without papillary
crest in ratite birds was explained by the evolutionary acquisition of the ability to swallow voluminous foods [4].
Instead of a papillary crest, the entire surface of the penguin tongue possessed giant conical papillae ranging from the
lingual apex to the laryngeal eminence, which is thought to be adaptive for manipulating food [83].

The variations in the shape of the conical papillary crest with related to nature of food; for example the ““V”’
shaped papillary crest is the common among avian species as noted in; our study in Eurasian Hobby, White tailed
eagle [64], quail [49], Egyptian goose [57], Middendorff’s bean goose [17], and in zebra finch [73], while the
papillary crest take the shape of a letter ““W’’ shaped row in hoopoe [74]. The papillary crest take the shape of a
transversal orientation in the southern lapwing [40] and in magpie and raven [11], moreover, the papillary crest was
well developed in two transverse rows in anseriforms, whereas it was composed of one transversal row in species of
the Corvidae family [11]. In quail [49] and chicken [56] there is also an additional row composed only of two large
papillae located right behind the main conical papillary row in each half of the tongue. Moreover, Erdogan and Alan
[11] in magpie and raven noted that there is an irregular additional row consisting of large and small conical papillae,
locating just rear of the main papillary row. In contrast to several birds, the papillary crest is absent in Japanese
pygmy woodpecker [55], ostrich [52, 53], emu [84], and Rhea Americana [54].
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It is well known that, there are variations among bird's species in their nature of food, feeding sources and habits,
even they all possess papillary crest of different shape, a finding agree with Erdogan and Alan [11] that, there is no
absolute relation between the presence of papillary crest and their nature of food, methods of food intake, feeding
sources and habits, this suggestion clear in that, there are avian tongue have a papillary crest, although, these birds
are differences in the sources of food, feeding habits, and types of food as discussed also by [11-13], this examples
are; White tailed eagle [64], little egret [85], little tern [67], long-legged buzzard [12], and cormorant [51] are
predatory birds that mostly live on fish, Peregrine falcon and Common kestrel [48] are raptorial birds that
predominantly feed on small animals. Hoopoe [74] is a species that lives on larva, lizard, insect, and geckoes.
Moreover in, zebra finch [73], chicken [56], quail [49], Middendorff’s bean goose [17], and nutcracker [66] eat
mainly seeds and plants but sometimes also small invertebrates for nourishment. The magpie and raven live on seeds,
fruits, beetles, small invertebrates, amphibians, reptiles, wastes, and carrions [86]. Also, some birds live on seeds,
plants, beetles, invertebrates, small vertebrates, waste and carrion such as, Magpies and ravens [11].

It is well documented that in many avian species, including domestic birds, the tongue is adorned with lingual
papillae [3, 4, 8, 87-89]. In our work, the tongue has one transverse row of lingual papillae pointed caudally toward
the pharynx on the papillary crest, as in fowls and pigeons [8], African pied crow [38], and in bustards [46], while in
duck and goose, in addition to this row of lingual papillae, there is another row of upright, horny papillae situated at
the edges of the tongue. Transversal lingual papilla at caudal part of the tongue [8, 25, 79, 90, 91] and especially in
ducks and geese horny papillae were reported [25, 90, 91] at sides of the tongue. However, in spite the lingual
papillae were present no horny papillae were observed in sea gulls by Nazan, et al. [37]. Getty [25] stated number of
transversal lingual papillas about 30 and Nazan, et al. [37] in sea gulls observe 20-25 transversal lingual papillas. In
penguins, the whole tongue is covered by large, spine-like caudally directed lingual filiform-like papillag, which are
adapted to hold the slippery prey [89], while [79] noted that the tongues in piscivorous species are covered with stiff,
sharp, caudally directed papilla. Jackowiak and Godynicki [64] in white tailed eagle and Iwasaki [67] in little tern,
observed that in the posterior part of the tongue there is a row of large, conical papillae with sharp tips. Catarina, et
al. [27] in ostrich confirm the observations of [3, 61] that the caudal aspect of the body of the tongue tapered
bilaterally to form papillae-like extensions. In contrast to previous result, the lingual papillae of partridge [26] and in
ostrich [30] are not visualized, so become clear that the lingual papillae are not a common in ratites [41]. Bailey, et
al. [46] in captive bustards reported that the tongue has on its lateral margins many pointed backwards papillae.

4.4.2. Laryngeal Mound (Mons Laryngealis)

The laryngeal mound as in our study and in all avian species is a raised structure lying immediately caudal to the
tongue (close to lingual root) and carries on its rostral aspect the glottis [4, 27, 46]. In our study the rostral % of the
glottis length was lay opposite the caudal wide part of the choana, while most avian species, the glottis typically lay
directly opposite the caudal aspect of the choana as described [4]. There are variation in the size and number of
papillary row on the caudal border of the laryngeal mound as reported by [4, 8, 11, 38, 42, 45, 92]. The present study
noted that, there are two transverse rows of large sized, caudally directed conical pharyngeal papillae on the caudal
border of laryngeal mound as reported by [4, 45], but our study added that there were no papillae throughout both
lateral borders of the glottis (laryngeal cleft), however there are conical papillae were settled irregularly at the
laryngeal mound and around glottis in goose [9]. Erdogan and Alan [11] in raven and magpie noted that there is a
only one row of caudally directed conical papillae at the border of glottic fissure and added that, there were vigorous
papillary arrangements located not only paramedianly around the glottic fissure and extending transversely at both
sides but also supporting the fissure caudally. [10, 30] noted that this area in ostrich is characterized by the absence
of mechanical papillae, in contrast, there are reports that some ratite species, namely the greater rhea and kiwis,
possess papillae [34, 61, 93, 94].
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Figure-1. External anatomical appearance of Eurasian Hobby head to show

1-upper beak, 2-lower beak, 3- external nares without operculum, 4-eye, 5- mouth angle, 6- tongue, 7- culmen,
8- upper tomium, 9- lower tomium.
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Figure-2. Gross anatomical features of the roof and Ioor of oropharyngeal cavity of falcon showing:

1-upper beak, 2- lower beak, 3-mandibular plate with transverse median ridge, 4- Latearl palatine ridge, 5-
second and third longitudinal rows of palatine papillae, 6- fourth semicircular row of palatine papillae, 7- fifth
oblique line of palatine papillae, 8-rostral narrow part of choana, 9- caudal wide part of choana, 10-pharyngeal folds,
11- semicircular papillary row on the caudal border of the two pharyngeal fold, 12- infundibular cleft, 13- Two
transverse row of large sized, caudally directed conical pharyngeal papillae at caudal border of laryngeal mound, 14-
bifuracted apex of tongue, a- a shallow median triangular swelling area, b-choanal cleft, T-tongue, L-laryngeal
mound, Tr-Trachea, G-glottis, R-lingual root, P- papillary crest with one transverse row of conical caudally directed
lingual papillae.

Figure-3. Anatomical appearance of the roof of the orophayngeal aify to show typical arrangment of the conical papillae:

1-The transverse huge row of caudomedially directed conical palatine papillae encircling the choanal cleft, 2-
second or third longitudinal rows of caudally directed palatine papillae, 3- fourth semicircular row of caudomedially
directed conical palatine papillae, 4- fifth oblique line of caudomedially directed conical palatine papillae, 5-
Scattered caudomedially directed palatine papilla, 6- semicircular papillary pharyngeal row on the caudal border of
the two pharyngeal fold, 7- Lateral palatine ridge, 8- rostral narrow part of the choana, 9- caudal narrow part of the
choana, 10- pharyngeal fold, 11- infundibular cleft
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Figure-4. Floor of the oropharyngeal cavity to show arrangment of papillaea:

Tf-bifurcated tip of the tongue, Lp-Rostral and caudal rows of laryngeal papilla, G-Glottis, Ta-lingual apex, Th-
lingual body, Tr-lingual root, L-Laryngeal mound, P- papillary crest with one transverse row of conical caudally
directed lingual papillae

Table-1. To show the average measurements of the all structures in the oropharyngeal cavity (mm)

Beak Upper beak 25+1
Lower beak 15+1
Total length of the tongue 25 +0.25
lingual apex 2.2 £0.18
Width of the tongue at lingual body 4+0.14
lingual root 3.5+0.13
papillary crest 5+0.19
Tongue Thickness of the tongue at lingual apex 1.2 £0.04
lingual body 2.3 +0.06
lingual root 3.8 £0.08
Papillary crest Length 8+1
Width 510.1
glottis Length 15 +£0.18
Width 3+0.1
Total length of palate 50 +0.81
length of choanal cleft 25 +0.16
Length of the rostral part of the choanal cleft 14 £0.11
palate length of the caudal part of the choanal cleft 11 +0.132
Width of rostral part of choanal cleft (caudally) 310.1
Width of rostral part of choanal cleft (rostrally) 1+0.03
Width of caudal part of choanal cleft (at its width part) 4 +0.11
Length of lateral palatine ridge 20+1.5
Width of lateral palatine ridge 2+0.05
Infundibular cleft Length 8 £0.21
Width 2+0.14
Glottis Length 15+1
Width 3+0.21
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