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Abstract:

BACKGROUND: The tongue, which plays a very import-
ant role in food intake by vertebrates, exhibits significant
morphological variations that appear to represent adaptation
to the current environmental conditions of each respective
habitat. OBJECTIVES: The aim of the present investiga-
tion was to investigate lingual structure in adult budgerigar.
METHODS: Tongues of 12 adult budgerigars were used in
this investigation. Samples of the apex, body and root of
the tongues were studied using light and electron micros-
copy. RESULTS: The tongue in budgerigar is about 5 mm in
length. The deep concave rostral portion of the lingual apex
is devoid of any glandular structure and is continuous with
a semicircular caudal portion. The caudal portion of the lin-
gual apex is divided into two symmetrical halves by a medi-
an longitudinal fissure. The rostral part of the lingual corpus
is distinctly divided by fissures of varying depth into many
irregular raised areas with different sizes. Several large cau-
dally directed conical papillae are situated on the posterior
end of the lingual corpus and along the thick border region
between the lingual body and root. There are also some gi-
ant conical papillae on the laryngeal mound. According to
their positions, the PAS-positive compound tubuloalveolar
salivary glands can be classified as dorsal and dorsolateral
salivary glands. The dorsal lingual salivary glands are sit-
uated beneath the dorsal lingual epithelium. They extended
from the caudal end of the fissure on the caudal lingual apex
to the front of the laryngeal cleft. The dorsolateral salivary
glands on each side extend from the beginning of the body
of the tongue to the level of the laryngeal cleft. The ventral
side of the tongue is devoid of any glandular structure. Nei-
ther the morphology nor the dimensions of the tongue show
sex-specific differences. CONCLUSIONS: Lingual structure
shows considerable differences in budgerigars in compari-
son to other birds studied so far.

of the tongues of living vertebrates have
revealed how variations in the morphology
and function of the organ might be related to

Introduction

Studies of the comparative morphology
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evolutional events. The tongue, which plays
a very important role in food intake by ver-
tebrates, exhibits significant morphological
variations that appear to represent adapta-
tion to the current environmental conditions
of each respective habitat (Campbell and
Lack, 1985). In the anatomy of the tongue,
three parts may be distinguished: the apex,
the body and the root. The body and the root
of the organ are demarcated externally by
a single or double crest composed of me-
chanical conical papillae (Emura and Chen,
2008; Emura et al., 2009).

The studies on the structure of the tongue
have been conducted on a small number of
avian species such as woodpecker (Emu-
ra wt al., 2009); cormorants (Jackowiak et
al., 2006); ostrich (Jackowiak and Ludwig;
2008), falcon and kestrel (Emura et al.;
2008), owl (Emura and Chen, 2008), white
tailed eagle (Jackowiak and Godynicki,
2005), penguin (Kobayashi et al.; 1998) and
little tern (Homberger and Meyers, 1989).
The results of morphological studies con-
ducted so far indicate a close correlation of
the shape of the tongue with the method of
food intake and the type of food, and habi-
tat. The purpose of this study is to describe
the morphological structure of the tongue in
the budgerigar through light and scanning
electron microscopy in order to compare the
results with those of previous reports in oth-
er birds.

Materials and Methods

Tongues of 12 adult budgerigars of both
sexes (6 males and 6 females) were used
in this investigation. No animal was scari-
fied in this study. The materials used in this
investigation were obtained from animals
that died due to different causes, but their
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tongues were not infected. Lengths of the
tongue were measured and the samples of
the apex, body and root of the tongue were
fixed in 10% buffered paraformaldehyde
at room temperature for 24 hours and lat-
er submitted to the dehydration process in
a series of ethanol at increasing concentra-
tions (70-96%) and embedded in paraplast.
Histologic serial sections of 7um thickness
were obtained and stained routinely with
haematoxylin-eosin (HE) and periodic acid
Schiff (PAS) reaction. The morphometric
data were obtained using a KS 400 comput-
er morphometry system (ZEISS). The fig-
ures were documented under an Axioscope
2 plus light microscope (ZEISS).

For observations under the scanning elec-
tron microscope (SEM) the tongues were
rinsed with 0.1M phosphate buffer at pH
7.3. Postfixation was made in 1% osmium
tetroxide solution for two hours at 4°C. Af-
ter dehydration through a graded ethanol
series and infiltration by hexamethyl disi-
lazin, the dried specimen were mounted on
aluminum stubs and coated with about 20 s
gold-palladinum.

The specimens were observed at various
angles under a scanning electron micro-
scope (Sterecoscan 360, Leica Cambridge
Ltd., England). The measurement was pro-
vided automatically by the SEM unit.

Results

The tongue of the adult budgerigar which
is located in the floor of the oral cavity is
about 5 mm long. Three parts are distin-
guished in the dorsal surface of the tongue:
the apex, the body and the root of the tongue
in each bird (Fig. 1). The deep concave
rostral portion of the lingual apex which
resembles a spatula with dorsally elevat-
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Figure 1. Scanning electron micrograph of the dorsal
surface of the budgerigar tongue. Three parts are distin-
guished in the tongue: lingual apex (A), lingual body (B)
and lingual root (R). Note the shape of the lingual apex
showing spatula-shaped structure with thick lateral mar-
gins (arrows). Laryngeal cleft (L).

Figure 2. Scanning electron micrograph of the dorsal sur-
face of the concave rostral portion of the lingual apex.
Note that parallel longitudinal grooves (arrows), divide
the surface into parallel slightly bulged columns of surface
epithelium (two-headed arrows).

Figure 3. Scanning electron micrograph of the dorsal sur-
face of the caudal portion of the lingual apex. Note the
presence of the longitudinal fissure (arrow) and borderline
separating the lingual apex and body (Arrowheads).

ed thick lateral margins is devoid of any
glandular structure and is continuous with
a semicircular caudal portion (Fig. 2). The
caudal portion of the lingual apex is divid-
ed into two symmetrical halves by a median
longitudinal fissure (Figs. 1, 3, 4). On the
concavity of the rostral portion, parallel
longitudinal grooves divide the surface into
parallel slightly bulged columns of surface
epithelium (Fig. 2). At higher magnification,
the epithelial surface revealed the presence

Figure 4. Scanning electron micrograph of the dorsal sur-
face of the tongue. The rostral part of the lingual corpus
(R) is distinctly divided by fissures of varying depth (Ar-
rows) into many irregular raised areas. The deep fissures
are not present in the caudal part of the body (C) of the
organ. Note the presence of large conical papillae (Arrow-
heads) between the body and root of the tongue. Lingual
root (Lr).

of horny scales. The curved caudal margin
of the caudal portion shows the clear-cut
borderline separating the lingual apex and
body (Figs. 3, 4). At light microscopic level,
the highly keratinized stratified squamous
epithelium of the rostral concave portion of
the lingual apex has a peculiar plicate ar-
rangement causing the parallel longitudinal
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Figure 5. Scanning electron micrograph of the dorsal sur-
face of the laryngeal mound. Note the presence of large
conical papillae (P). Laryngeal cleft (L).

gual apex; light photomicrograph, hematoxylin and eosin
staining. Ed, dorsal epithelium; K, thick keratinized layer
of stratified epithelium. Note the peculiar plicated pattern
of the surface epithelium (Arrowheads).Lamina properia
(Lp) Scale bar, 50 pm.

grooves seen on the surface of the concavity
in SEM images. The keratinized layer pro-
duced in this region reaches up to 100 um
in thickness (Fig. 6). Cross sectional imag-
es also revealed that the longitudinal fissure
seen on the caudal apical part of the tongue
i1s merely a simple invagination of surface
epithelium with about 500 um depth (Fig.
7).

The rostral part of the lingual corpus is
distinctly divided by fissures of varying
depth into many irregular raised areas with
different sizes. The quantity of fissures var-
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ied in the same tongue when comparing the
right and left sides. The deep fissures how-
ever are not present in the caudal part of the
body of the organ (Fig 4).

Several large caudally directed conical
papillae are situated on the posterior end of
the lingual corpus and along the thick bor-
der region between the lingual body and
root. The papillae close to the middle part of
the tongue are noticeably thicker and larg-
er than the laterally situated ones (Fig. 4).
There are also some giant conical papillae
on the laryngeal mound. Their sizes were
considerably larger than the papillae be-
tween the body and root of the tongue and
were easily observable in the low magnifi-
cation (Figs. 1, 5).

Results obtained from the present study
also revealed that the median sulcus is ab-
sent on the tongue of budgerigars. The root
of the tongue 1s flat with no fissures or papil-
lae (Figs. 1, 4). The special delicate pattern
of microridges can be seen at electron mi-
croscopic level on the surface of the lingual
root.

The dorsal and ventral surfaces of the
budgerigar tongue are covered by kerati-
nized stratified epithelium. The epithelium
on the surface of the body of the tongue is
100-110 pm thick, whereas on the root of
the tongue it is 80-90 um thick. Gustatory
papillae were not found in the epithelium
covering the tongue in the budgerigar.

According to their locations, the lingual
salivary glands of the budgerigar can be
classified as dorsal and dorsolateral lingual
salivary glands, all of which are compound
tubuloalveolar type (Figs. 7, 8). The dorsal
lingual salivary glands are situated just be-
neath the dorsal lingual epithelium. They
extended from the caudal end of the fissure
on the caudal lingual apex to the front of
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Figure 7. Cross section of the caudal portion of the lingual
apex; light photomicrograph, hematoxylin and eosin stain-
ing. Ed, dorsal epithelium. Note that the longitudinal fis-
sure (F) seen in this region is merely a simple invagination
of surface epithelium. Dorsal lingual salivary glands (Dg.)
Lingual muscles (M). Scale bar, 100 pm.

Figure 8. Cross section of the lingual corpus; light pho-
tomicrograph, hematoxylin and eosin staining. Ed, dorsal
epithelium. El. Lateral epithelium. Dorsolateral lingual
salivary glands (DLg.) Lingual muscles (M). Scale bar,
100 pm.

the laryngeal cleft. The dorsolateral salivary
glands on each side extend from the begin-
ning of the body of the tongue to the level
of the laryngeal cleft. The glands are inter-
spersed between the stratified squamous and
the lingual muscle bundles of the organ. The
ventral portion of the tongue is devoid of
any glandular structure. The secretory acini
of the lingual glands consist of tall colum-
nar mucoserous cells with flattened nuclei
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at their bases. The glandular cells rest at a
delicate basement membrane, having exten-
sively vesicular cytoplasm, and thus stained
lighter with haematoxylin and eosin stain.
The glandular ducts of the dorsal and dor-
solateral salivary glands open on the corre-
sponding faces of the surface epithelium.
Our study on histochemistry of the lingual
salivary glands of the budgerigar revealed it
to be PAS positive.

Neither the morphology nor the dimen-
sions of the tongue showed sex-specific dif-
ferences.

Discussion

General morphological features of the
tongue in the budgerigar show considerable
structural differences in comparison with
the tongues of species of the birds investi-
gated previously.

The shape of the tongue in birds is a spe-
cies specific trait and closely fits the shape
of the lower part of the bill (Iwasaki, 2002).
Tongues used to manipulate food, such as in
piscivorous species, are nonprotruding and
covered with stiff, sharp, caudally directed
papillae. In birds of prey, the tongue is a
rasp-like structure with the rostral portion,
frequently being very hard and rough. On
the tongue of birds that typically strain food
particles (e.g. ducks), the rostral portion
forms a scoop-like structure with the lateral
borders having a double row of overlapping
bristles. The bristles work in conjunction
with the lamellae of the bill to filter parti-
cles (Whittow, 2000). In both lateral sides
of anterior lingual apex in the Japanese pyg-
mi woodpecker, some conical processes are
observed and in the posterior part of the lin-
gual apex, there are many needle process-
es, the apices of which are pointed towards
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the posterior part of the tongue (Emura et
al.; 2009) .Results obtained from the pres-
ent study showed that a unique feature of
the budgerigar’s tongue is the presence of
a deep concave spatula-shaped portion of
the lingual apex. Budgerigars are primarily
seed-eating birds, as their beaks are adapted
for dehusking small seeds. Using the tongue
as an effective manipulating device, they
rotate seeds and dehusk them with their pe-
culiar curved beaks. Therefore, it seems that
the bird uses the deep concave portion of
the tongue as a ventral support for manipu-
lation and rotation of the seeds during their
dehusking process.

The peculiar plicate arrangement of the
lingual epithelium in conjunction with the
thick cornified layer produced by it, con-
verts the apical lingual concavity to parallel
slightly bulged columns of surface epitheli-
um, making it a rough and frictional surface
against the smoothness of globular seeds.
There have been no reports regarding apical
concavity of the lingual apex of the birds
studied so far.

An unexpected finding of the present
study was the presence of a median longi-
tudinal fissure on the caudal portion of the
lingual apex. Cross sectional LM images
showed that the fissure is merely an invagi-
nation of surface epithelium and the dorsal
lingual salivary glands begin from the its
caudal part. Therefore the fissure may be
considered as a reservoir for the mucus pro-
duced by the dorsal lingual salivary glands.
Keeping in mind that the apical lingual fis-
sure is located just behind the lingual apical
concavity which is devoid of any glandular
structure (probably because of the fact that
mucus imbibition interfere negatively with
seed rotation on its rough surface), it seems
that the husked seed must be weltered in an
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adequate amount of mucus reserved in the
fissure, preventing its regurgitation from the
oropharyngeal cavity. So far the presence of
a lingual fissure has not been reported in
birds.

Data obtained in the present study demon-
strate that the rostral part of the lingual cor-
pus is distinctly divided, with fissures of
varying depth into many irregular raised ar-
eas of different sizes. These fissures may be
considered homologous to microridges of
the lingual surface epithelium. Such micror-
idges have generated discussion in the lit-
erature regarding their functionality. Some
authors believe that the microridges could
be linked to mucous retention (Iwasaki et
al.; 1988). They, on the other hand, may en-
hance the transportation of seed through the
lingual surface.

Our results also showed that median sul-
cus is absent on the tongue of budgerigars.
The median groove is a characteristic fea-
ture found on the tongue of white tailed ea-
gle, ducks and geese, whereas it is absent on
the tongue of chickens and penguins (Jacko-
wiak and Godynicki, 2005; Whittow, 2000;
Homberger and Meyers, 1989; Iwasaki and
Kobayashi, 1986; Kobayashi et al.; 1998).
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 (Kobayasi et al.; 2006).

In most of the species of birds examined,
the tongue, except for its apical part, is cov-
ered by a flat epithelium (Whittow, 2000).
Emura et al. stated that in pygmi woodpeck-
er, the dorsal surface of the lingual body
presents a smooth aspect. In penguins, the
whole dorsal lingual surface is covered by
long conical papillae that help to hold in-
gested food (Kobayashi et al.; 1998). Many
processes were observed densely distribut-
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ed over the entire anterior 2/3 of the lingual
dorsal surface in the chicken tongue (Iwa-
saki and Kobayashi, 1986), over the entire
lingual apex of the dorsal surface, except in
the tip of the apex in the owl (Emura and
Chen, 2008) and over the entire lingual apex
in the peregrine falcon and common kestrel
(Emura et al., 2008). The results obtained
from the present study also showed that the
whole dorsal surface of the tongue of the
budgerigar is flat and completely devoid of
lingual papillae.

As shown by the light microscopic studies
on the tongue in the budgerigar, the mucosa
of the whole dorsal and ventral surface of
the body and root of the tongue is covered
with flat stratified keratinized epithelium.
In most of the other species of birds exam-
ined, the whole dorsal surface of the tongue
up to conical papillae is covered by horny
epithelium, whereas the stratified epitheli-
um without the horny layer usually covers
a part of the root of the tongue (Whittow,
2000).

Our results showed that several large cau-
dally directed conical papillae are situated
on the posterior end of the lingual corpus
and along the thickened border region be-
tween the lingual body and root. Some giant
conical papillae are observed on the laryn-
geal mound. It has been reported that devel-
opment of lingual conical papillae of avian
species is related to their feeding habits and
the crest of the papillae is well developed
in birds such as white tailed eagle and owl
which feed on fish or small animals and is
absent in birds such as woodpecker and os-
trich which feed on insect or plants (Emura
et al.; 2009; Jackowiak and Ludwig, 2008).
The present results show that budgerigars
have very well-developed conical papillae
despite the fact that they feed on seeds. The
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discrepancy between the results might be
due to the genetic variations in the different
avian species. However, more work is need-
ed for clarification.

Salivary glands also show considerable
species variation in birds. While salivary
glands are generally well developed in
granivorous species, they are less developed
in birds of prey, poorly developed in pisci-
vores, and absent in the Anhinga and Great
Cormorant (Whittow, 2000). The results of
studies on the distribution of lingual glands,
conducted so far on only a few bird species,
make it possible to distinguish anterior and
posterior lingual glands (Emura and Chen,
2008). In the Ostrich, however, the lamina
propria of the lingual mucosa is filled with
mucous glands whose openings are found
on both the dorsal and ventral surfaces of
the tongue (Jackowiack and Ludwig, 2008).
The localization of the compound tubuloal-
veolar lingual salivary glands of budgerigar
seems to be a species-specific trait since the
glands exist beneath the entire surface of
dorsal and dorsolateral surfaces of the lin-
gual epithelium in the body and root of the
organ. The ventral side of the tongue is de-
void of any glandular structure. The secreto-
ry cells of the lingual salivary glands show
strongly positive reaction to PAS reaction,
indicating that the saliva of the budgerigar,
similar to that of many other birds is rich in
glycoproteins.
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