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Introduction apparatus black kite. Bock (2001) studied the fiomet
morphology of the Woodpecker feeding apparatus.
The feeding mechanism is an important factor thatgwebuike and Eze (2010) designed study to provide
determines the success of adaptation of vertebmtes basic data on the anatomy of the oropharynx angu®n
their environment (Roth &Wake, 1989). The tongue ofof the African Pied crow. All these studies atteapto
birds is highly diverse organ showing a clear w&ia  correlate the diversity of feeding adaptations vitile
in its form shape and size. In birds, it cooperatith  structural modifications of the feeding apparatds o
the jaw apparatus and the larynx in generatingfallye  birds. The birds tongue shows various species-peci
coordinated movements during various behavioursmodifications in lingual muscles. Although some
such as feeding and drinking (Erdogan and Alan2p01 studies (Zweers, 1974, 1982; Zweers et al., 1977,
Morphological and functional studies of the avianBerkhoudt, 1985; Kooloos, 1986) have analyzed the
species showed a close correlation the lingual faneh  synchronized interactions between the jaw and tengu
anatomy with their feeding habits (Emura et alQ@0 during feeding and drinking in several avian spgcie
Bhattacharyya (1980, 1985) described the functionastudies on the morphology and histological struesuof
morphology of jaw and tongue muscles of the commornongue conducted so far indicated a close corosiaif
pigeon and some insect-eating birds. Shawki (1995)he shape of the tongue with the method of foodkiat
studied the structure and function of the lingualand the type of food and habitat of the birds (Ramnai
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et al., 2010). So, the objective of our study, ¢fiene,
was to study and describe the muscles of the lingua
apparatus of the rock dove in relation to feeding
mechanism.

M aterials and M ethods

Animals

Thirty adult specimens of the rock dove were used
in the present study. Birds were brought alive he t
laboratory and then were killed by chloroform
inhalation.

Preparation of specimensfor gross anatomy

The head and neck were separated from the rest of
the body, and then fixed in 10% formalin for 48 h
according to the method of Calislar (1977). Then
specimens were preserved in 3% phenoxy-ethanol
during the time of dissection. A drop of 5% iodine ;
solution was added to the dissected muscles to stai '
them. Outline of each muscle was drawn with the hel

of binocular (B.OCk & Shear, 1972).' The figures W':ereFig. 1: Ventral view of the head and Gular region of rock
prepared by using the Camera Lucida (Roger Vaughan, dove, after the removal of the skin and the

Smm

England). superficial fascia illustrating the serpihyoideus
(MSH) muscle, stylohyoideus (MST) muscle and
Results constrictor colli intermandibularis (M CCIM).

The lingual muscles of the rock dowean be
classified according to the anatomical and funetion
considerations into four group: Gular muscles,iegic
lingual muscles, intrinsic lingual muscles and iestic
laryngeal muscles.

Gular muscles

The Gular muscles of the rock dove occupy the
intermandibular area and have no attachments on the
hyoid skeleton. These muscles include Mylohyoideus,
Serpihyoideus, Constrictor colli intermandibula@sd
Constrictor colli cervicalis.

Mylohyoideus muscle (Figs 1& 2)

The mylohyoideus is a paired, sheet-like parallel-
fibered. It is slightly oblique posteriorly forming
posterior apex. This apex underlies the anteriotr pla
the posteriorly located muscle serpihyoideus.
Anteriorly, the muscle mylohyoideus underlies the
entire glandula sublingualis. Each counterpart fof t
Mylohyoideus extends from its origin, which is an
mandibular ramus to be inseried long the ey 7102 Yental view of the hea and Gular rejon o rock

. . . . dove, the muscle Branchiomandibularis anterior
of the median raphe. This median raphe is attached and posterior (MBMA & MBMP), muscle Myloh-

anterioly on the antero-medial surface of the yoideus (MMH) only partially removed on the left
mandibular ramus and is extended posteriorly ending side to show Glandula sublingualis (GLSL), the
with muscle serpihyoideus. The muscle mylohoideus muscle  Genioglossus  (MGG.), the musde
elevates the floor of the mouth resulting in thevation Ceratoglossus (MCG), and muscle Cleidotrachealis
of the tongue. (MCLT).
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Serpihyoideus muscle (Fig. 1& 2) connected to the skin of the neck, whereas the
The muscle Serpihyoideus is a paired and fanepimysium of the medial surface of it is tightlyaahed
shaped muscle with parallel fibres that lies pésteénp  to the epimysium of the lateral surface of the
the muscle mylohyoideus and anterior to muscleDermotemporalis muscle. The fusion between the two
Constrictor colli intermandibularis. The musclerib  epimysiums acts as the site of the origin of the

of each counterpart converge from the posterior@nd Constrictor colli cervicalis muscle. The Constrictolli
the mandibular ramus towards the middle of thecervicalis muscle elevates the most posterior ortif
posterior intermandibular space. The anterior boode the buccal floor of the mouth. Consequently, itpsel
the serpihyoideus is connected with the postemera@f  the protraction of the tongue.

the mylohyoideus through a connective tissue sbtet

fascia. The posterior border of the Serpihyoidesis iExtrinsic lingual muscles

connected with the anterior one of the Constricth The extrinsic lingual muscles of the rock dove

intermandibularis thro-ugh the fusion of the epilays  include Branchiomandibularis, Genioglossus, Cerato-

of both the muscles. The Serpihyoideus arises flem hyoideus, Stylohyoideus, Cricohyoideus ventralisg a
retroarticular process of the mandibular ramustarbs  Cricohyoideus dorsalis.

to the origin of the Constrictor colli intermandibris

and caudal to the origin of the Stylohyoideus. Thegranchiomandibularis (Fig. 2-6)

muscle rostro-medially is inserted on the posterior  The Branchiomandibularis is long, flat andnpact
extension of the median raphe jUSt behind the fioser muscle d|st|nct|y Separated into two parts:
of the mylohyoideus. The Serpihyoideus elevates th@ranchiomandibularis ~ anterior ~ muscle  and
posterior portion of the buccal floor of the mouthd  Branchiomandibularis posterior muscle.

help in retracting the tongue.

Branchiomandibularis anterior muscle
Muscle Constrictor colli intermandibularis (Fig. 1 & The Branchiomandibularis muscle is a paired,
2) elongated and parallel-fiber which is rostrally nthi
The Constrictor colli intermandibularis is unpaired slender with parallel-fibers and ends semicircylarl
parallel-fibered with transversely oriented muditees  caudally. The muscle extends from the caudal tird th

which extend between the muscle Serpihyoideustaad t of the mandibular ramus underpasses the Mylohysideu
muscle Constrictor colli cervicallis. The Constoictolli muscle to the entire epibranchia]e I, as well as th

intermandibularis muscle spans the intermandibulafostral one-third of epibranchiale Il, passes othes
space between the most posterior portion of th&erpihyoideus muscle and Stylohyoideus muscle. The
mandibular ramus. On the anterior side, the robtiader  Branchiomandibularis anterior muscle runs straight
of the Constrictor colli intermandibularis muscle i from the medial surface of the mandibular ramus
connected to the caudal border of the Serpihyoideugentral to the anterior mandibular foramen. Thens i
muscle. Moreover, the epimysium covering the caudaturved caudally and becomes sub-cylindrically iteser
border of that muscle is fused to the rostral serfaf the into the entire Ceratobranchiale, and the ventrerdd

Constrictor colli cervicallis muscle. The Conswictolli  surface of the epibranchiale | as well as the pnaxi
intermandibularis muscle arises from the retroaldic  one-third of the cartilaginous epibranchiale Il
process of the mandibular ramus, distal to theim§  enclosing the caudal portion of the origin of mescl

the Serpihyoideus, and runs rostro-medially to beCeratoglossus and the entire origin of Ceratohyaide
inserted on the median raphe. Constrictor collimyscle.

intermandibularis elevates the posterior portionthaf
buccal floor of the mouth resulting in protractittte  Branchiomandibularis posterior muscle

tongue and helping the passage of the food iteom fr This muscle runs contiguously  with

the buccal cavity to the oesophagus. Branchiomandibularis anterior muscle along its pute
dorso-lateral aspect. The Branchiomandibularis

Constrictor colli cervicalis (Fig. 1& 2) posterior muscle extends along the ventral surfsce

The Constrictor colli cervicalis is transversely the posterior half of the mandibuar ramus and the
arranged muscle fibres that encircle the neck.slt iepibranchiale of the hyoid horn. The rostral partiaf
composed of irreGularly spaced muscle bundles. &’heshe muscle is slender parallel-fibres, while thetpdor
bundles extend from the occipital region of thellsbwer  portion is enclosed dorso-laterally by the
the Dermotemporalis muscle to about anterior oitd-th Branchiomandibularis anterior muscle. The Branchio-
of the neck, wrapping the ventral surface of thiedor ~ mandibularis muscle arises fleshy from the ventro-
portion of both the Sternotrachealis muscle and thenedial surface of the mandibular ramus, just paster
Cleidotrachealis muscles. Laterally, the epimysafrthe  to the anterior mandibular foramen, and runs poster
lateral surface of the Constrictor colli cervicatisiscle is medially adjacent to the Branchiomandibularis
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Fig. 3: Ventral view of the head and Gular region of rock
dove, showing the muscle Genioglossus (MGG),
and the deep muscles

Fig. 4: Ventral view of the head and Gular region of rock
dove, showing the muscle Genioglossus (MGG),
muscle Cricohyoideus ventralis (MCRV), muscle
Branchiomandibularis anterior and posterior
(MBMA & MBMP), and the deep muscles

35

Regi@ Anim. Vet. Sci., 2016, 6(1): 32-39.

anterior muscle. Then, the two muscles fuse togethe
forming a sheet-like muscle, which embraces thachyo
horn to be inserted on the posterior portion of the
epibranchiale I. In addition, some fibres are iiteston

the anterior portion of the epibranchiale II.
Branchiomandibularis muscle represents the main
protraction muscle of the tongue. Therefore, theateu

is antagonistic to the stylohyoideus muscle. Bramch
mandibularis muscle affects the Articulatio epi-
ceratobranchialis yielding to the abduction of plaéred
hyoid horns.

Genioglossus muscle (Fig. 2-4)

The Genioglossus muscle is an unpaired, ribbon-
like and parallel-fibered muscle. It extends
rostromedially on the ventral buccal floor from the
mandibular symphysis to the hyoid skeleton caudally
This muscle is located dorsal to the anterior parf
the muscle Mylohyoideus. During the posterior
extension of the Genioglossus muscle and before
reaching the hyoid skeleton, the pair collateraitpa
diverge laterally and lost their medial connectidhe
epimysium of that muscle is connected laterallyhwit
the glandular capsule of the paired gland sublihgua
The Genioglossus muscle arises fleshy from therinne
surface of the mandibular symphysis, then, it runs
caudally to be inserted fleshy on the folds atdite of
connection of the free portion of the tongue witie t
floor of the mouth. The muscle Genioglossus assists
protraction of the tongue.

Ceratohyoideus muscle (Fig. 3-8)

Ceratohyoideus muscle is a paired, fan-shaped and
parallel-fibered muscle. It lies dorsal to the niesc
Serpihyoideus. The muscle Ceratohyoideus extends
from its origin that lies on the dorsal surfacetbé
distal end of the Os ceratobranchiale just anteddhe
Articulatio epi-ceratobranchialis, then the musta
out towards its insertion that lies on the dorsafece
of the posterior extension of the median raphe.

Ceratohyoideus affects the Articulatio epi-
ceratobranchialis yielding to the adduction of plaéred
hyoid horn resulting in the elevation of the largab
mound and the retraction of the tongue. Thus, the
Ceratohyoideus is antagonistic to the Branchioman-
dibularis muscle.

Stylohyoideus muscle (Fig. 1-7)

The Stylohyoideus is a paired, ribbon-like and
parallel-fibered muscle. It extends from the outer
caudo-lateral margin of the retroarticular prooasthe
mandible to the ventro-lateral surface of the Byt
Along the extension of that muscle, it underpasses
posterior to the Serpihyoideus muscle and
Branchioman-dibularis muscle and crosses the
ceratoglossus muscle anteriorly. The Stybidthgus



Fig. 5. Ventral view of the tongue of rock dove, after
isolation from the mandible and head, showing
anterior free portion of the tongue with the
Lingual nail (LN), Glandula lingualis anterior and
posterior (GLLA & GLLP), and illustrating the
muscle Ceratoglossus (MCG), as well as, the
relations between the deep lingual muscles
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Fig. 6: Dorsal view of the tongue, Larynx, and hyoid horns
of rock dove, showing the free portion of the tongue
(FRT), preglottal region (PGR), Laryngeal mound
(LRM), laryngeal wing (LRW), lingual wing (LW)
and lingual papillae (L P)
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muscle arises fleshy and flatly from the outer ders
lateral surface of the retroarticular process oé th
mandibular ramus lateral to the site of origin bét
serpihyoideus muscle. Then it runs anteriorly to be
inserted broadly and fleshy on the ventro-latevalaxe

of the Basihyale. The contraction of the Stylohyuisl
muscle yields to the retraction of the tongue. Thie
muscle Stylohyoideus is antagonistic to the muscle
branchioman-dibularis.

Cricohyoideus ventralis muscle (Fig. 4& 8)
Cricohyoideus ventralis is a paired and parallel-
fibered muscle which covers the ventral surfacehef
cricoid cartilage. The ventro-lateral surface @& thuscle
is covered by tracheolateralis muscle. Cricohyadeu
ventralis muscle extends straight from its ventoathe
caudal part of the Basihyale and turns dorso-lhyei@
runs lateral to the urohyale. Then the muscle dilies
out dorso-laterally to be inserts on the cricoidifie
muscle cricohyoideus ventralis cooperates in rétnac
of the tongue.

Cricohyoideus dorsalis muscle (Fig. 7)

Cricohyoideus dorsalis muscle is a paired and
parallel-fibered muscle which lies dorso-medialthe
Stylohyoideus muscle and lateral to the dilatottgles
muscle. Each counterpart of Cricohyoideus dorsalis
muscle extends from its origin that lies on thesdal
surface and the antero-ventral surface of the ictico
cartilage to be inserted on the dorso-lateral serfaf
the distal end of Os basihyale, just dorsal to the
insertion site of Stylohyoideus muscle and proximal
end of the Os ceratobranchiale. Meanwhile, fewefbr
are inserted on the dorsal surface of the articular
ligament of the Articulatio cerato-basihyalis.

The Cricohyoideus dorsalis muscle retracts the
tongue by pulling the Basihyale and Ceratobranehial
backwards. It is synergistic with Stylohyoideus wlas
and other extrinsic laryngeal muscle. Meanwhile, it
affects the Articulatio cerato-basihyalis yielditgthe
adduction of the paired hyoid horn. Thus, it is
synergistic with the muscle Ceratohyoideus.

Intrinsic lingual muscle

The intrinsic lingual muscles of the rock dove have
the origin and the insertion on the elements ofymd
skeleton. Three muscles included in this group are
Ceratoglossus, hypoglossus anterior muscle and
Hypoglossus posterior.

M uscle Ceratoglossus (Fig. 2-4)

Ceratoglossus muscle is a paired and spindle-
shaped which envelops the distal two-thirds of @
ceratobranchiale, and then the muscle becomes
tendinous at the level of the Artculatio cerato-
basihyalis. A tendon runs anteriorly towards the Os
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paraglossale and flanks the Articulatio cerato-
basihyalis. So Ceratoglossus passes on two atimosga
within the hyoid skeleton; the Articulatio paragios
basihyalis and the Articulatio cerato-basihyali.eTh
muscle Ceratoglossus arises from the dorso-lateral
surface of the Os ceratobranchiale to be inserjeisb
elongated tendon on the ventro-lateral surfack®Qs
paraglossale. Ceratoglossus muscle affects twdsjoin
within the hyoid skeleton; the articulatio paraglos
basihyalis yielding to the flexion of the Os parmglale
resulting in the depression of the free portiontlod
tongue. Meanwhile, the muscle ceratoglossus affects
the paired Articulatio cerato-basihyalis yielding the
abduction of the paired hyoid horns.

Hypoglossus anterior muscle (Fig. 5& 8)

The muscle hypoglossus anterior is a paired and
spindle-shaped muscle that extends along the Ventra
surface of the Os paraglossal (PG). It runs antgrio
along the ventral surface of the Os paraglossate. T
muscle is differentiated into two parts; a caudesty
part and a tendinous rostral one. That muscle srise
fleshy from the caudal margin of the ventral suefaf  Fig. 7. Dorsal view of the tongue of rock dove, the
the Os paraglossale lateral to the basihyale-pasagle laryngeal wing removed to expose the origin site
articulation. Then the muscle extends rostrally and of the muscle cricohyoideus dorsalis (MCRD). In
becomes narrow represented by a long, flat anél stif ac?dltéor;, the Glegljula Preglottallsd (GLPRI)’
tendon that arises from the base of the lingudltode dG@n ula_Laryng (GLLAR), and muscle
. . ilator glottidis(MDG).
inserted on the most rostral tip of the Os paragles
The hypoglossus anterior muscle affects the Os
paraglossale. Therefore, the full contraction ofs th
muscle bends the Os paraglossale ventrally.
Consequently, full contraction produces a ventral
bending of the tip of the free portion of the toagu
Meanwhile, the partial contraction of the musclases
a ventral bending of the lingual nail which meahs t
bending of the anterior tip of the tongue.

Hypoglossus posterior Muscle (Fig. 4, 5,7& 8)
Hypoglossus posterior muscle is a paired, short
sheet-like and parallel-fibered muscle. It extends
between the posterior paraglossale and the boryopar
the Os basihyale. Hypoglossus posterior arise$yles
from the ventral surface of the posterior paragiliss
to be inserted fleshy on the ventral surface of @
basihyale, lateral to the Crista ventralis basilsyand
anterior to the Articulatio cerato-basihyalis.
The contraction of Hypoglossus posterior muscle
affects the Articulatio paraglosso-basihyalis vietgto
the elevation of the Os paraglossale resultinghie t
elevation of the free portion of the tongue.

Extrinsic laryngeal muscles

The extrinsic laryngeal muscle of the rock dove,rig g: ventral view of the tongue of rock dove, showing
consists of three muscles; muscle Tracheolateralis, the extrinsic, intrin-sic lingual muscles, as well as,

muscle Sternotrachealis, and muscle Cleidotracheali thelingual salivary gland.
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MCG Discussion

Birds are adapted to different environments with
their food and feeding habits. There is a corretati
between the structure of the lingual apparatushef t
bird and its food. Morphological structure of tlbague
9 MST of bird species may be directly associated withdfoo

5mm type consumed and feeding habit of the bird (Carhpbe
& Lack 198; Parchami et al2010). Many authors
Fig. 9: Lateral view of the anterior portion of the tongue  revealed that the lingual apparatus differ accaydim
of rock dove, showing the tendon of muscle the type of food and method of food intake
Hypoglossus anterior (TMHGA), and tendon of  (Homberger, 1986; Shawki & Al-Jalaud, 1994; Shawki,
muscle Ceratoglossus (TMCG). In addition, the  1995: Shawki & Abdel-Rahmaan, 1998; Parchami et
muscle Hypoglossus anterior and posterior 5| 2010). Tongue plays an important role in
(MHGA & MHGP), muscle Stylohyoideus (MST),  aninylating and swallowing food items. The main
E&uécllq% grl&ogé%c)ia; d drﬁ';]s;lllj ngghecﬁgiﬁ food of the rock dove is seeds which are hard. Type
(MTL) aswellastHeIinguaIsalivarygland of food needs well developed muscles to elevate,
’ ’ depress, protract and retract the tongue durindirige
The present work revealed that Mylohyoideus,
erpihyoideus, Constrictor colli intermandibulagasd
onstrictor colli cervicalis elevate the floor offiet

GLLA

Tracheolateralis muscle (Fig. 3)
The muscle Tracheolateralis is a paired, elongate(g

ribbon-like and parallel-fibered muscle that liegetal to mouth resulting in the elevation and retractiontios

the n_1usc|e .Sternotrachealis. Usually, their fibere tongue, then helping the passage of the food ifeons
combined with the muscle Sternotrachealis. The |1ausc,[he buccal cavity to the oesophagus. Muscle

Tracheolateralis e_xtends _from the _syrinx alongehtre g anchiomandibularis is well developed and it is
length of the cervical region to be inserted onl#ieral  yesponsible with the other extrinsic lingual musder
surface of Basihyale. The muscle Tracheolateral@rotraction and retraction of the tongue duringdfeg

retracts the larynx. as well as adduction of the paired hyoid horn. Téis
accordance with Korzun et al. (2008) in pigeons and
Sternotrachealis muscle (Fig. 3,4 & 5) sand grouse. Igwebuike and Anagor (2013)

The muscle Sternotrachealis is an unpaireddemonstrated that the oropharynx and tongue of the
elongated, sheet-like and parallel-fibered. The aleus Muscovy duck exhibit certain anatomical featured an
sternotrachealis extends anteriorly from the restrothe morphological modifications of this region dfet
medial surface of the sternum along the entiretlenf§  digestive tract may be adaptations to the birdlsitha
the cervical region to be inserted on the ventnalage  and mode of feeding. Muscle Ceratoglossus acts as
of the posterior edge of the cricoid cartilage. Theabduction of the paired hyoid horns, thus its fiorcts
insertion site of the muscle Sternotrachealis liegintagonistic to the extrinsic lingual muscle. Etea
posterior to the origin site of the muscle Cricallgus ~ and depression of the free portion of the tongue ar
ventralis. The ventral surface of the posteriottiparof ~ done by Hypoglossus anterior and Hypoglossus

the muscle Sternotr-achialis overlies the muscldosterior muscles. These results are in agreemeétits
Cleidotrchialis and the muscle Constrictor colli SPawki & Abdel-Rahmaan (1998) who stated that

intrinsic lingual muscles of the cattle egret. khdic

cervicalis. | | | I . ant role  duri
The muscle Sternotrachealis retracts the Iarynx_aryngea muscles play an important role during

- o . swallowing of food, they retract the larynx to help
Thus, it is synergistic with the muscle Stylohyaide moving the food from the buccal cavity to the

. . . oesophagus. The free portion of the tongue (the
Cleidotrachealismuscle (Fig. 3&4) paraglossale) is composed of hyaline cartilage hic
Cleidotrachealis muscle is a paired, elongated angjyes its flexibility for rotation and bending dog
parallel-fibered muscle which lies lateral to theste  feeding (zweer, 1982). Shawki & Al-Jalaud (1994)

tracheolateralis and adheres to the skin of thei@r syggested that mechanism of feeding bérus
region. Laterally, the epimysium of the collatepalts  argentatus which is fish eater bird depending on the
of the muscle is connected with the glandular cigpsti  anatomical features of the tongue especially thgukl

the paired glandula sublingualis. Cleidotrachealismuscles. While, Zweers (1982) suggested two differe
retracts the larynx. Consequently it helps theatibpn  mechanisms il€Columba livia, slide and glue for eating

of the tongue. Thus, it is synergistic with the elas small grains and catch and throw for eating largeso
Stylohyoideus. by using cinematography. The above results showed a
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