Journal of American Science, 2012;8(4)

http://www.americanscience.org

Light and scanning electron microscopic study of the dorsal lingual papillae of the rat Arvicanthis niloticus
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Abstract: The distribution and structure of the lingual papillae in rat tongue were studied by means of light and
scanning electron microscopy. The tongue in the rat was about 27 mm in length and about 3 mm in width. The
characteristic features of the tongue were the median sulcus on the apex, considerable narrowing in the body of the
tongue and a moderately developed prominence. On the surface of the apex and body of the tongue three morphological
types of the filiform papillae and fungiform papillae were observed. The prominence of the tongue was covered with
forked and saw-like filiform papillae .Two oval vallate papillae were situated in the sides of the median line of root of
the tongue. The posterior part of the lingual root is flat without papillae. Histological observation indicated
keratinization of the dorsal surface of the tongue with variable degrees.
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the dorsal surface of the tongue was to describe the
distribution and structure of the lingual papillae in the
field rat and to compare the results with data obtained
from other rodent.

1. Introduction
The morphology of the tongue in vertebrates, and
especially the lingual papillae on the dorsal surface of
the tongue, shows considerable variability (Sonntag,
1924 and Doran, 1975). Studies on the tongue
microstructure in rodents using light and electron
microscopy were carried out on rat ,mouse and guinea
pig (Miller & Preslar, 1975; Liu & Lee, 1982; Iwasaki
& Kobayashi, 1987; Sato et al., 1988; Kobayashi,
1990; Iwasaki et al., 1996; Iwasaki, 2002 and Park &
Lee, 2009). Morphological studies of dorsal surface
and lingual papillae using scanning and transmission
electron microscope have been done on various
mammalian species, including primates (Kobayashi et
al., 2004; Jackowiak, 2006; Kulawik & Godynicki,
2007a, b) and rodents (Iida et al., 1985; Meisel et al.,
1987; Kobayashi, 1990; Iwasaki et al., 1999). In
mammals, four different types of tongue papillae
(fungiform, circumvallate, foliate and filiform) can be
found on the dorsal surface (Emura et al., 2006). But
the structure of the tongue reveal a variability of
morphological features related to the type of food,
habit, and taxonomy (Jackowiak& Godinicki, 2005;
Okada & Schraufnagel, 2005).
Characteristic features of the tongue in rodents are
the elongated body of the tongue and the presence of a
prominence known as the “intermolar” prominence.
The dorsal surface of the mucosa of the tongue is
covered by lingual papillae, which frequently show
species-specific traits in terms of number and structure,
depending on feeding behavior and mastication mode.
The tongue papillae with its taste buds found in
humans and mammals are the receptors for the
sensation of taste ( Stinson & Calhoun, 1993).
The aim of our scanning electron observations of

http://www.americanscience.org

2. Material and Methods
The observations were conducted on 7 tongues of
adult rat females and males. The tongues were
dissected from the mandible, fixed in 10% neutral
formaldehyde, and routinely prepared for observation
under a scanning electron microscope .The samples of
the tongue were dehydrated in a series of ethanol (70–
99.8%) and acetone, and subsequently dried at the
critical point using CO2 (Critical Point Dryer K850,
Emitech).The specimens were carefully mounted on
aluminum stages with double-sided carbon tape,
sputtered with 15 nm thick gold coat (Sputter Coater S
150B, Edwards) and observed under the scanning
electron microscope JEOL (JSM-5400 LV) in
Regional Centre of Mycology, Al-Azhar University,
Cairo Egypt.
Other dissected tongue specimens were fixed in
10% neutral buffered formalin and routinely prepared
for normal histological observation under light
microscope.
3. Results
3.1. SEM observations:
The tongue of the rat is about 2.7 cm long and 34mm width. The tongue occupies 2/3 length of the
mouth cavity. The tip of the tongue is broad with a
deep median sulcus of 1–1.2 mm in length (Figs.1a,b).
Three parts are distinguished in the dorsal surface of
the tongue: the apex, the body with a prominence and
the root (Fig.1). The surface of the lingual apex is
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4–5 ridges of foliate papillae were situated bilaterally
(Fig. 1e).

rough and has a thickly keratinized epithelium (Fig.1
c). The anterior margin of the prominence is
semicircular and rises over the lingual body (Fig.1d).
The surface of the posterior part of the intermolar
prominence and the root of the tongue is gradually
lowered towards the pharynx (Fig.1e).
Observation under the scanning electron
microscope made it possible to distinguish four types
of lingual papillae in the mucosa-cover dorsal surface
of the tongue. The lingual papillae were: filiform,
fungiform, circumvallate and foliate papillae (Figs. 25).
The filiform papillae were the most numerous type
and densely distributed all over the dorsal surface of
the tongue. They were categorized into three types
according to their shape. Type one was mainly
observed in the front and middle section. They were
cone-shaped with acuminate ends, and no observable
flap or process as spotted in other types (Fig.2a). They
were mostly short and bulky cones. The largest conical
papillae are in front of the prominence and on both
sides of the sulcus, whereas on its lateral margins ,they
gradually become smaller. Cylinder-like base
characterized with fork-shaped processes on the rear
part directed posteriorly was the basic form of the type
two filiform papillae (Figs.2 c-d). The number of
processes in fork-shaped filiform papillae varied, some
having one process with plain triangular shape, some
having two processes looking like forceps and some
having three processes resembling the shape of forks
(Figs.2 d ,e). The filiform papillae situated in the front
section usually had one or two processes , and the ones
in the rear had two or three processes. The length of the
processes also varied. The ones in front and central
area had relatively short and flat processes while those
in the rear sides showed long , sharp-looking processes.
Type three filiform papillae were only seen near the
posterior end of the tongue between two circumvallate
papillae as well as on the prominence. They were in the
form of giant conical saw-like papillae (Fig.3c).
Fungiform papillae are dome-shaped and wider in
diameter than filiform ones (Figs.3a,b ). On the apex of
the tongue the fungiform papillae are regularly
scattered and densely populated between filiform
papillae. While ,in the middle and posterior part of the
tongue they were few (Fig.3a). They were also seen
throughout the whole tongue except the middle area
and the rear end. Fungiform papillae located in the
front were relatively smaller than those found in the
middle (Figs.1b,c).
Two circumvallate papillae were observed in the
posterior region of the tongue. They were circular,
large, and dough-nut-shaped papillae. In the center of
the vallate papilla, a minute pore could be seen (Fig.
3d).
In the postero- lateral surfaces of the intermolar
prominence, adjacent to the pharyngeal-palatine arch,
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3.2. Light microscopy observations:
The filiform papillae were characterized
histologicaly by a curved shape, a keratinized stratified
epithelium bordered by a basal generative layer , and a
dermal papilla consisting of connective tissue which
protrude into the centre of the filiform papillae. In the
submucosal connective tissue, striated muscles were
adjacent to the basal layer of the epithelium (Fig. 4 ).
The surface layer of the epithelium at the rostral side of
the filiform papillae stained strongly with
haematoxylin-eosin, whereas the epithelium at the
caudal side stained less intensely (Fig. 4a). The
epithelium in the areas in between the filiform papillae
was multilayered and thick (Fig.4f),whereas, that cover
fungiform, vallate and foliate papillae was stratified
squamous highly keratinized epithelium (Figs.4 c-e).
4. Discussion
The light and scanning electron microscope
revealed the characteristics of the lingual mucosa of
rat. The observation revealed that the dorsum of the rat
tongues is covered by various types of papillae.
Tongue papillae are differ in shape, size, number,
nomenclature and distribution among different groups
(Schwenk, 1986; Iwasaki, 1990, 1992; Toubeau &
Bels, 1994; Iwasaki et al., 1996; Wassif & El-Hawary,
1998; Lemell et al., 2000). These differences depend
on dissimilarities in diet, feeding habits and handling
of the food in the mouth (Iwasaki & Miyata, 1985;
Pianka, 1986; Mohammed, 1987; Mohammed, 1992).
Furthermore, most of the papillae are covered by
stratified squamous epithelium that differed only in
thickness and degree of keratinization (Schwenk, 1986;
Mohammed, 1991 a & b ; 1992; Wassif & El-Hawary,
1998). This observation is in agreement with the
present investigation .
The distribution of filiform papillae was almost the
same as in other mammals and reptiles reported by
several authors (Iwasaki et al., 1987). In mammals, the
smaller papillae were in the anterior and lateral border
while the taller ones were situated in the torus lingual;
this arrangement could help the complex mastication
pressing food against the palate. These aspects were
related by Nagato et al. (1989) and Iwasaki et al.
(1996) in the mouse and Watanabe et al. (1997) in the
Calomys callosus. However, these authors describe
giant conical papillae in the place while we found
filiform papillae like a fork . In this study, the conical
shaped filiform papillae on the dorsal surface of the
tongue were observed to be regularly and densely
distributed and directed caudally, as reported in the
ruminants (Kobayashi et al., 2005; Kurtul & Atalgın,
2008). The different shapes of the filiform papillae,
which changed gradually from the apex to the|
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Fig. 1: photomicrograph (a), scanning electron micrograph(c-d) of the tongue of rat showing different anatomical
regions: a: the apex (A) with the sulcus (solid arrow), the body(B) with the prominence(hollow arraw), and root ( R).
b: the apex with the sulcus (solid arrow) and fungiform papilla (hollow arrow). Scale bar=1µm. c: the body of the
tongue showing extension of the sulcus on the slightly broad anterior end and more narrower posterior end with filiform
papillae. Scale bar=1µm. d: the body showing the prominence (hollow arrow) covered by special type of filiform
papillae. e: the root with its weakly developed foliate papillae (arrow). Scale bar=1µm.
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Fig. 2: Scanning electron micrograph of different shape filiform papillae. a: Cone-shaped filiform papillae with
acuminate ends and no observable flap or processes extensively distributed around the sulcus Scale bar=100µm. b & c:
Type 2 filiform papillae fork shaped processes on the rear and the prominence. Some having one process, other papillae
looks like a forcep Scalebar=100µm. d: branched filiform papillae with two processes: pri. Scale bar=20µm ncipal
(arrow) and accessory (arrowhead). Scale bar=10µm. e: three processes filiform papilla; one principal (arrow) and two
accessory. Scale bar=20µm.
http://www.americanscience.org
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Fig. 3: Scanning electron micrograph of a: Saw-like filiform papilla with long sharp process (arrow) at the posterior
end of the tongue as well as on the prominence and the root. Scale bar=50µm. b: Dome-shaped fungiform papillae (star)
inbetween filiform ones (solid arrow) on the sides of the sulcus (hollow arrow). Scale bar=10µm. c: One mashroomshaped fungiform papilla (arrow) with minute pores. Scale bar=20µm. d: Vallate papillae with central pore (arrow).
Scale bar=20µm.
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Fig. 4: a: H &E photomicrograph showing the fork shape filiform papilla with primary process and secondary (arrow)
one. b: Saw-shaped filiform papilla with a layer of keratin (K). c: Cone-shaped filiform papillae appeared pended
posteriorly. d: Fungiform papilla in-between two filiform papillae and covered by a thick layer of stratified squamous
highly keratinized epithelium (K) and has a core of connective tissue. e: Circumvallate papilla with submucosal
connective tissue core has dermal papilla (p), gland (G), and taste bud(arrow). f: five microredges of foliate papilla(m)
covered with a thick layer of keratin and showing dermal papillae (P).
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caudal part of the tongue, have also been observed by
Iwasaki & Miyata (1990) in the mongoose. Filiform
papillae, which are considered to have a mechanical
function (Nickel, 1979); but Mistretta & Baum (1984)
suggested the gustatory function of it. On the contrary,
it forms the primary pathway for the transport of food
come into contact with the palate during mastication
and swallowing, thus the observed more intensive
keratinized layer, which serves as a protective
mechanism (Trzcielińska et al., 2009). Filiform papilla
provides the tongue with a rough surface suited for the
movement and grinding of food Karan et al. (2010).
Fungiform papillae were localized in the anterior
part of the tongue. They were elliptical or circular in
shape embedded in between higher filiform papillae
and bear taste buds. These characteristics were reported
in guinea pigs (Kobayashi, 1990), in the Paia glis
(Kobayashi and Wanichanon, 1992), in the Tragulus
javanicus (Agungpriyono et al., 1995) and in rabbits
(Ojima et al., 1997).
Delheusy et al. (l994) mentioned that the role of
these taste buds on the anterior papillae might be
testing the palatability of the prey when contacts with
the tongue occur during capture. In agamid lizard
gustation may be used during mate selection
(Mohammed, 1992). The presence of taste buds on the
tongue tip and on the fore-tongue may play an
important role in receiving chemical and mechanical
information of food. Furthermore, papillae may
considered as supporting structure for food uptake,
mastication and swallowing. Mistretta and Liu (2006)
suggested that gustatory papillae possess a receptor
function
The characteristics of the fungiform papillae in the
rat, being larger and distributed in abundance at the tip
of the tongue, coincides with the reports on lesser
mouse deer (Agungpriyono et al., 1995).
The median sulcus of the apex tongue is a
characteristic feature found in many rodents, although
its length and width are species-specific (Jackowiak
and Godynicki, 2005). The presence of a median
lingual sulcus in the rostral and central parts of the rat
is similar to findings in the guinea pig (Kobayashi,
1990), mouse (Iwasaki et al., 1996), common quail
(Parchami et al., 2010) and blind mole rat (Kilinc et
al., 2010).
The presence of taste pores in the surface were
described by Chamorro et al. (1986) in cows and
horses and by Agungpriyono et al. (1995) in the
Tragulus javanicus , in rabbit ( Silva et al., 2002 ).
The present study reveal the presence of foliate
papillae in the rat tongue which were not well
developed, but extremely small in the dog, rudimentary
in the cat (Stinson & Calhoun, 1993) and completely
absent in ruminants except cattles (Chamorro et al.,
1986).

http://www.americanscience.org

Acknowledgments
The authors are indebted to Dr. A.E. El-Attar,
Prof. of comparative anatomy, Faculty of Science,
Zagazig University for his guidance and advice during
the above investigation.
Corresponding author
Nasr, E. S
Department of Zoology, Faculty of Science, Zagazig
University
nasriraky1970@yahoo.com
References
Agungpriyono, S., J. Yamada, N. Kitamura, C.
Nisa, K. Sigit, and Y. Yamamoto, (1995):
Morphology of the dorsal lingual papillae in the
lesser mouse deer, Tragulus javanicus. J. Anat.,
187: 635–640.
Chamorro, C., Sandoval, J., Fernandez, J.,
Fernandez, M., and Paz, P. (1986): Comparative
scanning electron microscopic study of the lingual
papillae in two species of domestic mammals
(Equus caballus and Bostaurus). I. Gustatory
papillae. Acta anat., 124: 83-87.
Delheusy, V., Toubeau, G., & Bels, V. L. (1994):
Tongue structure and function in Oplurus cuvieri
(Reptilia: Iguanidae).Anatomical Record, 238:263–
276.
Doran GA (1975): Review of the evolution and
phylogeny of the mammalian tongue. Acta. Anat.,
91:118–129.
Emura, S., T. Okumura, Chen, H. and Shoumura,
S. ( 2006): Morphology of the lingual papillae in
the raccoon dog and fox. Okaj. Folia. Anat. Jpn.,
83: 73–76
Iida, M., I. Yoshioka, and H. Muto, (1985): Threedimensional and surfaces structures of rat filiform
papillae. Acta Anat., 121: 237–244
Iwasaki S (1990): Fine structure of the dorsal lingual
epithelium of the lizard, Gekko japonicus
(Lacertilia, Gekkonidae).Am. J. Anat., 187: 12-20.
Iwasaki S (1992): Fine structure of the dorsal
epithelium of the tongue of the freshwater turtle,
Geoclemys reevesii (Chelonia, Emydinae). J.
Morphol., 211(2): 125-135.
Iwasaki, S.( 2002): Evolution of the structure and
function of the vertebrate tongue. J. Anat., 201: 1–
13.
Iwasaki S., Kobayashi K. (1987).: Keratinization of
the lingual epithelium of the guinea pig. Proc.6th
M. Singer Symposium, eds. S. Inoue et al., 619–
629.
Iwasaki S & Miyata K (1985): Scanning electron
microscopy of the lingual dorsal surface of the
Japanese lizard, Takydromus tachydromoides.Okaj.
folia anat. Jpn.,62:15-26.

625

editor@americanscience.org

Journal of American Science, 2012;8(4)

http://www.americanscience.org
Kulawik, M., and S. Godynicki, (2007a): Fungiform
papillae of the tongue in the rabbit (Oryctolagus
cuniculus). Pol. J. Vet. Sci., 10 : 25–27
Kulawik, M., and S. Godynicki, (2007b): Vallate
papillae in the domestic rabbit (Oryctolagus
cuniculus ). Pol. J. Vet. Sci., 10: 47–50.
Kurtul, I., and S. H. Atalgın, (2008): Scanning
electron microscopic study on the structure of the
lingual papillae of the Saanen goat. Small Rumin
Res., 80: 52–56
Liu, H.C. and Lee, J .C.(1982):Scanning Electron
microscopic and histochemical studies of foliate
papillae in the rabbit , rat and mouse.Acta.Anat.,
112:310 – 320.
Meisel, D., Z. Skobe, and G. Shklar, 1987: Lingual
changes in ageing mice by light and scanning
electron microscopy. Arch. Oral. Biol., 32: 643–
649
Miller, J.R. and Preslar, A.J. (1975): Special
distribution of rat fungiform papillae. Anat. Rec.,
181: 679-684.
Mistretta, C.M.and Baum, J.B. (1984): Quantitive
study of taste buds in fungiform and circumvallate
papillae of young and aged rats. J. Anatomy, 138(2)
323-332.
Mohammed, M.B.(1987) :Notes on the diets of some
lizards in the state of Qatar. Herpetological J., 1:
157- 158.
Mohammed, M.B. (1991a): Structure of the tongue in
agamid reptiles: Phrynocephalus arabicus and
Uromastyx microlepis. J. Egypt. Ger. Soc. Zool.,
6(B): 265-288.
Mohammed MB (1991b): The structure of the tongue
in certain Geckos (Gekkonidae: Reptilia). J Egypt.
Ger. Soc. Zool., 6 (B): 289-314.
Mohammed MBH (1992) :Structure and function of
the tongue and hyoid apparatus in Acanthodactylus
boskianus (Lacertidae; Reptilia). J. Egypt. Ger. Soc.
Zool., 7(B): 65-89.
Nagato T., Nagaki M. , Murakami M. and Tanioka
H. (1989).Morphological studies of rat lingual
filiform papillae. Okaj. Folia Anat.Jpn., 66: 195210.
Nickel, R.(1979): The Viscera of the Domestic
Mammals, 2nd rev. (ed. A. Schummer & R.
Nickel,translated and revised by W. 0. Sacks).
Berlin , Verlag. Paul Parey.
Ojima K., Takahashi T., Matsumoto S., Takeda M.,
Saiki C. and Mitsuhashi F. (1997):
Angioarchitectural structure of the fungiform
papillae on rabbit tongue antero- dorsal
surface.Ann. Anat., 179: 329-333.
Okada, S. & Schraufnagel, D.( 2005): Scanning
electron microscopic structure of the lingual
papillae of the common opossum (Didelphis
marsupialis). Microsc. Microanal., 11(4):319-32.
Parchami, A.,Fatahian, R.A., Dehkordi, and

Iwasaki, S., and Miyata, K. (1990):Fine structure of
the dorsal epithelia of the mongoose . J. Anat., 172:
201-212
Iwasaki, S., Miyata, K. and Kobayashi, K. ( 1987):
Comparative studies of the dorsal surface of the
tongue in the three mammalian species by scanning
electron microscopy. Acta Anat. 128:140–146.
Iwasaki S., Yoshizawa H. and Kawahara I. (1996):
Study by scanning electron microscopy of the
morphogenesis of three types of lingual papilla in
the mouse. Acta Anat., 157: 41-52.
Iwasaki, S., Yoshizawa and H., Kawahara,I (1999):
Ultrastructure study of the relationship between the
morphogenesis of filiform papillae and the
keratinization of the lingual epithelium in the rat. J.
Anat., 195: 27-38.
Jackowiak, H. (2006): Scanning electron microscopy
study of the lingual papillae in the European Mole
(Talpa europea,L., Talpidae). Anat. Histol.
Embryol., 35:190–195.
Jackowiak, H., and S. Godynicki, (2005): The
distribution and structure of the lingual papillae on
the tongue of the bank vole Clethrionomys
glareolus. Folia Morphol., 64: 326–333.
Karan, M. , Yilmaz, S. and Aydin, A. (2010):
Morphology of the Filiform Lingual Papillae in
Porcupine (Hystrix cristata). Anat. Histol.
Embryol., 40 : 100–103
Kilinc, M., Erdogan, S., Ketani,S. and Ketani, M.
A.(2010): Morphological Study by Scanning
Electron Microscopy of the Lingual Papillae in the
Middle East Blind Mole Rat,Spalax ehrenbergi.
Anat. Histol. Embryol., 39 : 509–515
Kobayashi, K.,(1990): Three-dimensional architecture
of the connective tissue core of the lingual papillae
in the guinea pig. Anat. Embryol., 182: 205–213.
Kobayashi K. and Wanichanon C. (1992): Stereo
architecture of the connective tissue cores of the
lingual papillae in the tree shrew (Tupaia glis).
Anat. Embryol., 186: 511-518.
Kobayashi, K., H. Jackowiak, H. Frackowiak, K.
Yoshimura
and
Kumakura,
M.
(2005):Comparative morphological study on the
tongue and lingual papillae of horses
(Perissodactyla)
and
selected
ruminantia
(Artiodactyla). Ital. J. Anat. Embryol., 110: 55–63
Kobayashi K, Kumakura, M.; Yoshimura, K.;
Takahashi, M.; Zeng J, Kageyama, I. and
Hama, N. (2004): Comparative morphological
studies on the stereo structure of the lingual
papillae of selected primates using scanning
electron microscopy. Ann. Anat. ,186 : 525-530.
Kobayashi, S. Miyata, K. and Iino, T. (1987). Three
dimensional structures of the connective tissue
papillae of the tongue in newborn dogs. Arch.
Histol. Jpn. 50:347-357.

http://www.americanscience.org

626

editor@americanscience.org

Journal of American Science, 2012;8(4)

http://www.americanscience.org
monotremata. Proc. Zool. Soc. London ,94:743–
755
Stinson, A.W. and Calhoun,M.L. (1993): Digestive
system. In Textbook of Veterinary Histology (ed.
H. D. Dellmann & E. M. Brown). 207-264.
Philadelphia: Lea & Febiger.
Toubeau, G., & Bels, V. L. (1994). Morphological
and kinematic study of the tongue and buccal cavity
in the lizard, Anguis fragilis (Reptilia: Anguidae).
The Anatomical Record, 240, 423–433.
Trzcielinska,J., H. Jackowiak, K. Skieresz , and S.
Godynicki, (2009): Morphology and morphometry
of lingual papillae in adult and newborn egyptian
fruit bats (Rousettus aegyptiacus). Anat. Histol.
Embryol., 38: 370–376
Wassif IT & El- Hawary MS (1998): Scanning
Electron Microscopy of the Dorsal Lingual
Epithelium of the Golden Lizard; Eumeces
schneideri Reptilia: Scincidae). J Egypt Ger Soc
Zool. ,26 (c): 11-30.
Watanabe I., Utiyama C., Koga L., Motoyama A.,
Kobayashi K., Lopes R.and Konig Jr B.(1997):
Scanning electron microscopy study of the interface
epithelium-conective tissue surface of the lingual
mucosa in Calomys callosus. Ann. Anat., 179: 4548.

Bahadoran, S. (2010):Fine Structure of the Dorsal
Lingual Epithelium of the Common Quail
(Coturnix coturnix). World Appl. Sci. J., 10(10):
1185-1189.
Park,J. and Lee,H. ( 2009): Morphological Study on
the Dorsal Lingual Papillae of Sorex caecutiens.
Korean J. Microscopy. 39 (2) :101 -106
Pianka ER (1986) Ecology and natural history of
desert lizards. Princeton. NJ. Princeton Univ. Press.
Sato, O. Maeda T, Kobayashi S, Iwanaga T, Fujita
T(1988) Filiform papillae as a sensory apparatus in
the tongue: an immune-histochemical study of
nervous elements by use of neurofilament protein
(NFP) and S-100 protein antibodies. Cell Tissue
Res, 252:231–238
Schwenk, K. (1986). Morphology of the tongue in the
Tuatara,
Sphenodon
punctatus
(Reptilia:
Lepidosauria), with comments on function and
phylogeny. J. Morphol., 188:129–156
Silva, M.C. , Watanabe, I . and Kronka, M.C.
(2002):Three-dimensional architecture of the
connective tissue core and surface structures of the
lingual papillae in the rabbit, Oryctolagus cuniculus
Histol. Histopathol., 17: 455-461.
Sonntag, C.F. (1924): The comparative anatomy of the
tongue of the mammalia. Marsupialia and

http://www.americanscience.org

627

editor@americanscience.org

