Int. J. Morphol.,
43(5)1530-1536, 2025.

Comparative Study of Tongue and Lingual Papillae in
Four Species of Birds:Otis tarda, Nycticorax nycticorax,
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SUMMARY: This study examined tongue morphology in four bi@sq tardg Nycticorax nycticoraxChrysolophus pictus
andCorvus macrorhynchsising light and scanning electron microscopy technique. Species-specific variations included mucosal features,
papillae patterns, and specialized structuesvus macrorhynchahowed a bifid tongue tip, marginal filiform papillae, and a symmetrical
median groove, with distinct epithelial cell margihg;cticorax nycticoraxhad clustered filiform papillae and a continuous median
sulcus. Lingual gland openings occurred in both body and root regi@tsdardaandCorvus macrorhynchasut only at the root in
Nycticorax nycticoraxwhile absent ilChrysolophus pictugistology revealed shared components: keratinized tips, entoglossal cartilage,
mucus glands, and root conical papillbgcticorax nycticoraxandChrysolophus pictuaniquely displayed elastic fibers around root
blood vessels. All species exhibited posterior-oriented marginal conical papillae, with conserved lamina propria orgasga&on d
papillae variations. These differences reflect ecological adaptdafionais macrorhynchobifid tip andNycticorax nycticoras clustered
papillae suggest dietary specialization, underscoring how avian tongue morphology aligns with environmental niches.
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INTRODUCTION

The substantial structural diversity observed in avian This investigation aims to characterize the lingual
oral cavities reflects adaptive strategies corresponding riacroarchitecture of four avian species - the Great Bustard
feeding mechanisms, dietary preferences, and environmerf@tis tardad, Black-crowned Night HeronNycticorax
conditions. As a crucial organ in avian feeding behavior, theycticoray, Golden Pheasan€hrysolophus pictys and
tongue demonstrates remarkable morphological variatiodsngle CrowCorvus macrorhynchgs through comparative
that appear evolutionarily optimized for specific habitaanalysis using scanning electron microscopy (SEM) and light
requirements. Key anatomical features warranting particularicroscopic techniques. While ornithological research has
attention include: the distinctive median sulcus, convexaditionally emphasized ecological distribution, feeding
lateral margins, heterogeneous papillae distribution patterres,ology, and reproductive biology (Gao, 2004), recent
lingual gland arrangements, and the prominent crest décades have witnessed growing interest in comparative
posterior conical papillae demarcating the tongue's bodingual morphology, with existing literature documenting 78
root transition. Previous investigations have establishedld bird species (Erdogan & Iwasaki, 2014). Current
significant correlations between lingual architecture angnderstanding suggests strong functional associations
feeding mechanics relative to trophic specializatiobetween lingual morphology, mucosal epithelial
(Jackowiak & Godynicki, 2005; Emuret al, 2008; Al- organization, and ecological parameters including feeding
Zahaby & Elsheikh, 2014). This study systematicallgtrategies and habitat characteristics.
examines the morphological adaptations of avian tongues,
with particular emphasis on habitat-related anatomical Previous comparative anatomical studies have
modifications. investigated numerous species, including rapkdatideetus
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albicilla, Buteo rufinus), waterfowlAnser fabali}, and Scanning electron microscopyThe tongues were washed
various passerineDéndrocopos kizukiCorvus corone with normal saline and were divided into tissue blocks
cornix), employing both macroscopic and ultrastructuralepresenting the apex and ventral body and the tongue root.
approaches (lwasakt al, 1997; Jackowiak & Godynicki, And, after dissection, the tissue samples were fixed in
2005; Emura & Chen, 2008; Crole & Soley, 2010). Notablymmersion in 2.5 % glutaraldehyde solution, and immerse
the selected study speci€x (arda N. nycticoraxC. pictus  three times in 0.1 M sodium phosphate buffer (pH 7.0) at 4
andC. macrorhynchgsremain unexamined through SEM°C (3 x 15min). Then, the samples were post-fixed in
methodologies. This research therefore addresses a critisaffered osmium tetroxide solution at 1 % for 2 h 4C4
knowledge gap by providing three-dimensionalThe samples were rinsed in sodium phosphate buffer (0.1
ultrastructural analyses of lingual surfaces, facilitating cross4, pH 7.0) at 4°C. Then, samples were dehydrated in a
species comparisons with existing morphological datasetseries of alcohol with increasing concentrations starting from
60 % to absolute (50 %, 70 %, 80 %, 90 %1@0 %).
MATERIAL AND METHOD Because of the size of the tissue blocks, each dehydration
step took 15 min. the blocks were then critical point dried in
Animal samples. Eight bird cadavers belonging to foura ALPHA1-2 LD Plus critical point drier. The samples were
different species were included in this study; two bustamounted on aluminum stubs, coated with gold in K550X
(Otis tardg, three night heroriNycticorax nycticorakone and examined by SEM apparatus, QUANTA 450.
golden pheasanthrysolophus pictysnd two jungle crow
(Corvus macrorhynchds The sex of the birds was notLight Microscopy. For light microscopy, different parts of
considered in this study. The animals died for varies reasottse tongues were rapidly set in 10 % neutral-buffered
without timely treatment and were donated by Henaformalin solution for at least 48 h, then dehydrated,
Wildlife Rescue Center. The experimental design adheré@nsparent and embedded in paraffin waxnd serial
to the guidelines of the Animal Ethics Committee of Henasections were cut transversely and stained with haematoxylin
University of Urban Construction (2018). and eosin.

Gross macroscopic analysisThe oral cavity was opened, RESULTS

and the basal part of the tongue and the mandible was

separated. Then, each sample was rinsed five times us@mmparative morphological features of the tongue of birds.

0.9 % physiological NaCl for 5 min each time. Macroscopithe diversity of feeding adaptations among birds is reflected
observations were carried out on the entire sample with thmethe form and structure of their tongue (Fig. 1). The tongue
use of a Sony Alpha 6000L camera. After imaging, this triangular with dagger-like tip and weakly bifid, in the

samples were divided into two parts for SEM. Otis tardg spear-like tongue with sharp tip in tNgcticorax
& R Y
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Fig. 1. Macrograph of the tongues. Three parts are distinguished in the tongue: lingual root(a), lingual body(b), linér)al(Apex
triangular with dagger-like tigdtis tardg, (B) spear-like tongue with sharp tigycticorax nycticorak (C) bifid apex in tonguegorvus
macrorhynchak (D) wide and shallow triangular with sharp tphfysolophus pictysBar: 1cm.
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Fig. 2. SEM of the lingual mucosa of tb¢is tarda a: There are desquamated superficial epithelial cells of the keratinized epithelium in
the lingual apex. Bar: 20@m; b: surface of the tongue body demonstrating large gland opening which completely fill the mucus (black
arrow). Bar: 50Qum; c: SEM image showing two conical papillae, which are curved by caudal direction(arrow). Bar: 2 mm. Dsc,
desquamating superficial epithelial cells; Cp, conical papillae; black arrows, orifice of the lingual gland.

nycticorax elongated with bifid tip inCorvus posteriorly. These papillae measured approximately 2.2 cm
macrorhynchoswide and shallow triangular with sharp tipin length, featuring rough surfaces covered by keratinized

in Chrysolophus pictus cells with varying degrees of cornification. The peripheral
regions were covered by a parakeratinized, multilayered
Surface features squamous epithelium.

The lingual mucosa inOtis tarda.The target lingual mucosa The lingual mucosa in Nycticorax nycticorax.The
exhibited distinct morphological variations from the apegharacteristic morphological features observed include a
to the root (Fig. 2). The mucosa of the lingual apex and bodjstinct, well-developed median sulcus dividing the mucosal
was covered by keratinized squamous epithelium. The apgxface into two symmetrical portions from the apex to the
region lacked papillae and salivary glands. Its surfad®dy (Fig. 3). At low magnification, the apical region of the
presented an uneven, lumpy appearance and was compdseplial mucosa exhibited a superficial layer composed of
of epithelium cells with poorly demarcated margins, glandsesquamating squamous epithelial cells with visible
openings and unevenly distributed keratinized cells. lintercellular boundaries, demonstrating a complete absence
contrast, the tongue body and root contained large, rouafffiliform papillae. The mucosal surface in the body region
orifices representing the openings of submucosal mucuwsas uniformly covered by stratified squamous epithelium
secreting glands, which were filled with mucus. Serratguunctuated by micropores. Conical papillae, measuring
conical papillae forming a saw-like arrangement werapproximately 20Qum in diameter, were localized to the
distributed along the root margin, with their apices orientdahgual root. Numerous glandular openings were distributed

lorm 2 i C x 112 i 2000 k 11.2 mm

Fig. 3. SEM micrograph of the lingual mucosa offyeticorax nycticoraxa: the apex of the tongue mucosa showed a surface containing
desquamating squamous epithelial cells. b: The surface of the lingual mucosa in the body is covered by the stratifieépijoiimbus
cells with micro pore (black arrow). Bar: 2Qf; c: shows the filiform papillae with extremity usually bifurcated. Note the openings of
salivary glands in the tongue root (black arrow). Bar: 280 Abbreviated labeling as Fig. 1.
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throughout both the lingual body and root regions. Filifornstratum corneum. The desquamating surface further
papillae occurred in clustered arrangements, with their apiaibplayed a distinctive tiled pattern of exfoliating cells.
orientations consistently directed posteriorly. The epitheliéleedle-like prominences were distributed along the margins
surface of these papillae displayed distinct non-keratinized both body halves, with caudal papillae demonstrating
characteristics. Both the conical papillae and the lingual rogteater size compared to their rostral counterparts. The apex
exhibited flattened morphological profiles. was enveloped by a heavily keratinized, stratified epithelium.

Conical papillae at the lingual tip exhibited posteriorly
The lingual mucosa inCorvus macrorhynchosThe tongue oriented apices. Lingual mucosa in the body region showed
exhibits a dagger-shaped morphology with a bifid tip. Alesquamating squamous epithelial cells (Dsc) on its surface.
distinctive median groove was observed at the junctiorhese cells displayed distinct intercellular boundaries with
between the body and root, dividing the mucosa into twadearly demarcated cellular margins. The root mucosa
symmetrical, convex lateral structures (Fig. 4). Under lowontained mucus-secreting glandular structures, likely
magnification, the apical region of the tongue was lined dynctioning to maintain mucosal hydration and prevent
desquamating epithelium characterized by a prominedesiccation.

20.00 [o! |
Flg 4. SEM micrograph of the lingual mucosa of@wvus macrorhynchoa The tip is bifid (A, F) the tongue apex was invested by
the desquamating epithelium (Dsc). The needle-like prominences (black arrow) were observed distributed along the margin of both
halves of the body, and the caudal papillae were larger than the rostral with their extremity curved by caudal dire&@&mm {Gi;
b: SEM image shows desquamate keratinized epithelium (Dsc) in the lingual body. Bar; &Che tongue root was invested by the
desquamating epithelium (Dsc). The apices of the conical papillae (Cp)were inclined toward the posterior of the tongue. the man
openings (black arrow) of the lingual glands exist in the lingual root. Baru®00

The lingual mucosa inChrysolophus pictusThe mucosa mm in length) is arranged transversely. The epithelial surface
of the lingual apex and body is covered by desquamating these papillae displays both keratinized and non-
keratinized stratified squamous epithelium (Fig. 5). Epithelig&eratinized regions, with the apical portion covered by

cells in these regions exhibit poorly demarcated marginstensely keratinized multilayered epithelium, occasionally

Open mucus-secreting glands are present in both the aptassified as parakeratinized epithelium. The conical papillae
and body. Along the marginal region of the tongue root, & the lingual body are oriented posteriorly. Desquamating
dense row of glant conical papillae (apprOX|mater 1-1. §urface cells contrlbute to mechanical protection.

g. ep thelium and the opening
of sallvary glands in the lingual apex (arrow). Bar: p@f) b: Note the conical papillae (Cp). In the marginal region in the papillae were
existed desquamate keratinized epithelium (Dsc). Baph®0c: shows the conical papillae (Cp) with extremity bifurcated. Bar: 500
pum. d: the many openings (arrow) of the lingual glands exist in the lingual root. Barml00
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. Light Microscope Studies.Histologically,
= = SR the stratified squamous keratinized epithelium
vt BN o exhibited interspecies variations in thickness
and distribution. In the ventral aspect of the
lingual apex tip, all four species displayed a
thin keratinized layer (Fig. 6a). However,
Nycticorax nycticorax and Corvus
macrorhynchoswere distinguished by a
significantly thicker keratinized epithelium on
the dorsal lingual surface at the apex (Figs.
7a, 8a). Distinct histological features were
observed in the underlying structures: The
lamina propria containing connective tissue
cores was specifically identified Mycticorax
Fig. 6. Photomicrophotographs of bés tardatongue showing. a: the thin ventral nycticoraxandChrysolophus pictugigs. 7b,
surface(VS) with thick keratinized layer (KL), the entoglossal cartilage (EC) aid), whereasCorvus macrorhynchoand
lamina propria (LP) on the lingual apex of tongue ¥4F b: the conical papillae Chrysolophus pictugxhibited entoglossal
(CP), the lingual mucus gland (gl), the skeletal muscle(SM) and thin keratinizce&t“age integrated with skeletal muscle

layer ( KL) on body of tongue (H8); c: root of tongue with mucus gland (gl), bupdles (Figs. 8b, 9b). Notably, prominent
keratinized dorsal surface (KL), the entoglossal cartilage (EC) and the conjeal .. i .0 Was ,obse.rved at th’e posteriorly

papillae (CP) (HE4); d: A higher magnification of Fig (c) showing the conical. ~ . . . . o
papillae (CP) and mucus gland (gl) (kD). inclined conical papillae in three speci@is

tarda, Nycticorax nycticoraxand Corvus
3 ™ macrorhynchogFigs. 6d, 7d, 8d).

ol

SM
cp
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DISCUSSION

The morphological adaptations of
avian tongues are closely associated with
distinct feeding habits and ecological niches
across different environments. Serving crucial
roles in food processing and swallowing, these
specialized organs demonstrate remarkable
structural variations that reflect evolutionary
responses to dietary requirements and
environmental pressures. Notable examples
include the spear-like lingual tip observed in
Nycticorax nycticoraxBlack-crowned Night
Heron), a morphological convergence shared
with the Japanese pygmy woodpecker
(Dendrocopos kizukas documented by Emura

Fig. 7. Photomicrophotographs of tNgcticorax nycticoraxongue showing. a: e_t al (2009b). Contrastlngl)glhrysolgphus
Histomicrograph of the dorsal lingual surface at the apex showing the presendd@tis(Golden Pheasant) exhibits a blfurcat(?d
stratified squamous epithelium (EP), lamina propria (LP), the entoglossal cartili@egue apex, demonstrating alternative adaptive
(EC) and the ventral surface(VS) with keratinized layer (KL)X#; b: Light solutions. Comparative anatomical studies
microscopy of the dorsal surface of the tongue of the body showing thin keratinizedeal consistent patterns of lingual papilla
layer(KL). Note the presence of stratified squamous epithelium (EP), lamina proghigribution inCorvus macrorhynchod.arge-

(LP) with its connective tissue core (bIacI§ grrow) into the papillae and intringjq|ed Crow) that align with broader avian
skeletal musclle 'bupdles .(SM), serous acini (S) and the attachgd skeletal r,nlfF&H:ds. The ubiquitous presence of keratinized
(SM)(HEX40), c¢: Histomicrograph of the root of tongue showing the Comc%&rgtified epithelium across species shows
papillae(CP), mucus gland (gl), the entoglossal cartilage (EC) and the attache h R
skeletal muscle, mucus gland(gl) and keratinized layer(KL4Ed: A higher mlcro-enV|ror_1menFaI specialization
magnification of Fig. (c) showing the conical papillae (CP) and skeletal mus@@'ticularly evident in the dorsally flattened
(SM); the distribution of elastic fibers around the blood vessels (black triangkg§ratinized epithelia of lingual apices, a
(HEx40). feature similarly observed i@tus scops
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(Oriental Scops Owl) by Emuret al.
(2009a). Current evidence supports a
functional correlation between the
keratinization patterns of lingual epithelia
and trophic specialization, as proposed in
the avian feeding mechanism framework
by lwasakiet al (2002).

Variability is also observed in the
distribution patterns of conical papillae.
Nycticorax nycticoraxexhibits spiny
conical papillae uniformly distributed
across the tongue surface, except at the
lingual apex and body. In contrast, the
tongues of Otis tarda Corvus
macrorhynchosandChrysolophus pictus
‘ ; possess sharp, caudally oriented papillae,
o ' e which are functionally adapted to secure

Fig. 8. Photomicrophotographs of tBervus macrorhynchomngue showing. a: the SliPPery prey. These structures are
dorsal surface (DS) and ventral surface (VS) with keratinized layer (KL), the entoglo$¥inologous to the filiform papillae of
cartilage (EC), the conical papillae (CP) and skeletal muscle (SM) on the lingual ape¥mmals. Notably, the apical regions of
of tongue (HE40); b: the conical papillae (CP), the lingual mucus gland (gl), ttmammalian filiform papillae are softer
keratinized layer (KL), the entoglossal cartilage (EC) and the attached skeletal mugd@ their basal counterparts and exhibit
(SM) on body of tongue (H&0); c: root of tongue with mucus gland (gl), laminacaydal curvature (Benetéit al, 2009;
propria (LP), the entoglossal cartilage (EC) and the conical papillae (CRI(HEA Burity et al, 2009). The crests of conical
higher magnification of Fig (c) showing the conical papillae (CP) %40 papillae serve dual functions: facilitating

directional transport of ingested material
toward the esophagus while preventing
regurgitation.

In this study, conical papillae were
identified in the lingual root of all four

B avian species, displaying either rounded
5 : or sharply tapered morphologies. Filiform
; papillae were observed in both the lingual
sm body and root ofOtis tarda and
b Chrysolophus pictudDistinctive features

of Corvus macrorhynchadscluded bifid-
tipped papillae at the lingual apex margin,
conical filiform papillae, and polymorphic
flat filiform papillae of varying sizes in
the lingual root.Nycticorax nycticorax
demonstrated unique characteristics such
as clustered filiform papillae and a
prominent median sulcus extending from
the apex to the lingual body. These

Fig. 9. Photomicrophotographs of tlrysolophus pictusongue showing. a: the morphologI(?al_adaptatlons ?‘Cross Species
keratinized layer (KL), the stratified squamous epithelium (EP) and skeletal muéaﬂec,t_?pec'a"z?d mgchanlsms for _f90d
(SM) on the lingual apex of tongue (MED); b: the lingual mucus gland (gl), the @cuisition, manipulation, and deglutition
keratinized layer (KL), the entoglossal cartilage (EC), the lamina propria (LP) and tRédogan & Iwasaki, 2014).

attached skeletal muscle (SM) on body of tongue¢HE;, c: root of tongue with mucus

gland (gl) and the keratinized layer (KL); theesence of lamina propria (LP) with We observed that the lingual
its connective tissue core (black arrow)4B). structures of four bird species exhibit
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morphological similarities. The morphological andagrupadas d&ycticorax nycticoraxsugieren especializacion
histological features of mammalian tongues have been shodigtética, lo que subraya como la morfologia de la lengua aviar se
to reflect differences in mammalian lifestyles and ar@linea con los nichos ambientales.

associated with their respective habitats (lwasaki, 2002).
However, the four avian species examined in this Stuﬁi%gual
occupy distinct ecological niches. In Middendorff's Bean
Goose Anser f_aballmnddendorffu), giant conical pap|ll_ae REEERENCES
are arranged in a transverse row between the anterior an

p.OSt_e”or Imgual reglons,’ while fll!form paplllae areA_I—Zahaby, S. A. & Elsheikh, E. H. Ultramorphological and histological
distributed along the margins of the lingual body (Iwasaki studies on the tongue of the common kingfisher in relation to its feeding
et al, 1997). The Jungle NightjaCéprimulgus indicus habit.J. Basic Appl. Zool., 67(31-9, 2014.

exhibits filiform papillae with posteriorly oriented apicesBenetti. E. J.; Picoli, L. C.; Guimaraes, J. P.; Motoyama, A. A.; Miglino, M.
A. & Watanabe, L. S. Characteristics of filiform, fungiform and vallate

(Emurae.t al, 2010). Similar distributions of f|||forr_n papillae papillae and surface of interface epithelium-connective tissue of the maned
on the lingual body have been documented in both owls sioth tongue mucosBtadypus torquatysliger, 1811): light and scanning
(Strigiformes) and the Oriental Scops OwWlt(s sunig electron microscopy studjnat. Histol. Embryol., 38(142-8, 2009.

(Emura & Chen, 2008; Emust al, 2009a). Conversely, BUnY: C.-H.F;dasSilva, M. R.; de Souza, A. M., Lancetta, C. . F:; Medeiros,
M. F. & Pissinatti, A. Scanning electron microscopic study of the tongue

distinct differences in lingual papi”ary distribution were i goiden-headed lion tamarinkgeontopithecus chrysomelas
observed among the Great Busta@ti¢ tardg, Golden (Callithrichidae: Primatesgoologia, 26(2)323-7, 2009.
Pheasant(‘ChrysoIophus piCtl)S common Kingfisher Crole, M. R. & Soley, J. T. Surface morphology of the emtaius

. . . . T novaehollandiagtongue Anat. Histol. Embryol., 39(4355-65, 2010.
(Alcedo atth@;’ ‘]ungle N|ghtjar¢apr|mulgus mdlcu)s and Emura, S. & Chen, H. Scanning electron microscopic study of the tongue in

Oriental Scops Ow[Jtus sunig- species that predominantly  the owl Strix uralensiy Anat. Histol. Embryol., 37(6}75-8, 2008.

feed on reptiles, amphibians, fish, and other vertebrates.Emura, S.; Okumura, T. & Chen, H. Scanning electron microscopic study of
the tongue in thBeregrine falcormandCommon kestreDkajimag-olia

Anat. Jpn., 85(111-5, 2008.
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; ; ; o~ Anat. Jpn., 86(4117-20, 2010.
de la Iengugy las papllal.s linguales en cuatro espeCIes dedges: Erdogan, S. & Iwasaki, S. Function-related morphological characteristics
tarda, Nycticorax nycticoraxChrysolophus pictuy Corvus and specialized structures of the avian tongum. Anat., 196(2-3J5-
macrorhynchosint. J. Morphol., 43(5)L530-1536, 2025. 87, 2014.

. . . . Gao, H. Morphological observation of the tongue in some b@tg. J.
RESUMEN: Este estudio examin6 la morfologia de la Zool., 25(5)13-6, 2004.

lengua en cuatro ave®(is tarda Nycticorax nyctigorax Iwasaki, S. Evolution of the structure and function of the vertebrate tongue.
Chrysolophus pictuy Corvus macrorhynchgsmediante J. Anat., 201(1}-13, 2002.

microscopia Optica y electronica de barrido. Las variacionégasaki, S.; Asami, T. & Chiba, A. Ultrastructural study of the keratinization
especificas de cada especie incluyeron caracteristicas de la mucos&f the dorsal epithelium of the tongue of Middendorff's bean gdoser

patones de s papis y estrucuras especializatusus , Sodomiddeninmers ntachnat e 2700 60 057,
macrorhynchosnostré una punta lingual bifida, papilas filiformes study of the tongue in the white tailed eaghaliacetus albicilla

marginales y un surco mediano simétrico, con margenes de célulasAccipitridae’ Aves)Ann. Anat., 187(3251-9, 2005.
epiteliales definidosNycticorax nycticoraxpresentd papilas

filiformes agrupadas y un surco mediano continuo. Las aberturéﬁrresponding author:

de las glandulas linguales se encontraron tanto en el cuerpo COMQohui Xie

en la raiz d®tis tarday Corvus macrorhynchogero solo en la School of Life Science and Bioengineering
raiz enNycticorax nycticoraxmientras que estaban ausentes ©lenan University of Urban Construction
Chrysolophus pictusLa histologia revelé componentespingdingshan

compartidos: apices queratinizados, cartilago entogloso, gléndu(lﬁs”NA

mucosas y papilas conicas radiculafggcticorax nycticoraxy

Chrysolophus pictusnostraron fibras elasticas Unicas alrededoE_ mail: xiezhaohui@hncj.edu.cn

de los vasos sanguineos radiculares. Todas las especies exhibieron

papilas conicas marginales orientadas posteriormente, con W ohui Xie https://orcid.org/0000-0001-7878-1079
organizacién de la lamina propia conservada a pesar de las ' '

variaciones en las papilas. Estas diferencias reflejan adaptacio,gg;hei Wang  https://orcid.org/0009-0000-1634-5335
ecolégicas. La punta bifida @@rvus macrorhynchaoslas papilas ' ’
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