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The male Siamese fighting fish, Betta splendens, builds a bubble nest on the water surface to care
for offspring during the reproductive period. To our knowledge, this study is the first to determine
the composition of the bubble nest and to compare the pharyngeal organs of male and female
Siamese fighting fish to determine the relationship between the pharyngeal organ and the ability
to make bubble nests. Dot blots of the bubble nest probed with periodic acid-Schiff’s (PAS) staining
and Ponceau S solution revealed that the contents of the nest are glycoprotein rich. Dissection of
the heads of Siamese fighting fish showed that the pharyngeal organ is located in the position
through which inhaled air passes. The epithelial structure of the pharyngeal organ of the Siamese
fighting fish, like that of other teleosts, has numerous wrinkles and papillae. Mucous goblet cells
were observed on the epithelium of pharyngeal organs in male and female fish. The pharyngeal
organ was found to be larger in male than in female fish. In addition, the epithelium of the pharyngeal organ in male fish has a greater number of mucous goblet cells than that in female fish. In
Siamese fighting fish, this sexual dimorphism of the pharyngeal organ suggests that the male fish
secretes more glycoprotein-rich mucus to build the bubble nest. Future work will focus on the type
of mucous cells found in the epithelium of the pharyngeal organ that contributes to bubble formation and will determine the components of the mucus in the bubble nest.
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INTRODUCTION
The pharyngeal organs of teleosts are a pair of beanshaped structures that have numerous papillae and wrinkles
on the surface. They lie antero-dorsal to and are diverticula
of the posterior region of the roof of the pharynx (Miller,
1964; Sanderson et al., 1991; Bauchot et al., 1993). The
epithelia of pharyngeal organs are rich in mucous cells,
which produce more mucus to retain the particle-mucus
aggregates of the feeding apparatus in teleosts (Miller, 1964;
Sibbing et al., 1986; Sibbing, 1988; Sanderson et al., 1991,
1998; Yashal et al., 2007). In the epithelium of teleosts,
mucous-cell types include goblet cells, secretory cells, and
non-secretory cells. The major constituents of mucus are
glycoproteins (Shephard, 1994). Previous studies have
revealed that periodic acid-Schiff’s (PAS) staining can label
all types of mucous cells in the epithelium of teleosts (Gona,
1979; Yashal et al., 2007; Mittal and Mittal, 2008).
The Siamese fighting fish, Betta splendens, is an anabantoid, or labyrinth, fish. These fish can directly exchange
gas from the air on the water surface through air-breathing
organs. The air-breathing organ of the Siamese fighting fish
is a pair of labyrinths covered with a respiratory epithelium
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in the suprabranchial chambers (Graham, 1997). The anabantoid fishes include 6 genera and 127 species. Diverse
reproductive behaviors are found in these species, including
free spawners that do not exhibit parental care, substrate
spawners exhibiting male parental care, bubble nesters
exhibting male or biparental care, and male or, rarely,
female mouthbrooders (Rüber, 2004). The Siamese fighting
fish is a bubble nester exhibiting male care (Bronstein,
1982). The male fish gulps air into the buccal cavity from the
water surface, and then exhales bubbles below the water
surface to make a mucus-coated floating bubble nest during
the reproductive period (Shephard, 1994). In the region of
this bubble nest, a male fish courts the female fish and
defends a territory from other fish in the area. After breeding, the male fish cares for the fertilized eggs in the bubble
nest until the embryos have developed into larvae
(Bronstein, 1982). The functions of bubble nests are to protect the embryos and to supply more oxygen or nutrition to
the embryos. The size of the bubble nest built by a male fish
affects the reproductive choices of female fish and the survival rate of larvae (Jaroensutasinee and Jaroensutasinee,
2001a, b).
Because of these behavioral characteristics of the male
Siamese fighting fish, this species has proven to be a good
model animal for studying the relationship between aggressive behavior and reproduction (Bronstein, 1982; Craft et al.,
2003; Jaroensutasinee and Jaroensutasinee, 2003; Matos
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et al., 2003). However, studies of the constituents of the
bubble nest in this species are limited. The functions of the
pharyngeal organs in bubble-nest-making anabantoid fish
have also not been examined previously. The present study
focuses on the relationship between the pharyngeal organ
and the bubble nest in Siamese fighting fish. We used dot
blots on PVDF membranes with PAS staining and Ponceau
S solution to verify the constituents of the bubble nest made
by male Siamese fighting fish, and observed the location
and ultrastructure of pharyngeal organs. Moreover, we compared the sizes of the pharyngeal organs in male and
female fish. Finally, we quantified the numbers of mucous
cells on the epithelia of the pharyngeal organs in male and
female fish to determine their differential abilities to secrete
mucus.
MATERIALS AND METHODS
Fish and experimental environments
Mature male and female Siamese fighting fish (Betta splendens;
3.0 ± 0.5 cm), a bubble-nesting anabantoid teleost species, were
purchased from a local aquarium and kept in the laboratory for at
least two weeks at 28 ± 1°C under photoperiod 12L:12D. Each sampling system consisted of one male and one female fish kept in the
same tank without air pumping. A transparent container was used
to separate the female from the male to protect the female fish from
attack by the male and to stimulate the male to make a bubble nest
in the sampling system. Fish were fed a daily diet of commercial
pellets. The water in each tank was partially refreshed every week.

on aluminum stubs with silver paint, and sputter coated for 3 min
with a gold-palladium complex in a Pt Coater. The coated specimens were observed using a scanning electron microscope (JEOL
JSM-6700F, Tokyo, Japan).
Size of the pharyngeal organ
Five pharyngeal organs were excised from the buccal cavities
of (a) male Siamese fighting fish (B. splendens) with bubble nests,
(b) male fish without bubble nests, and (c) female fish (which cannot
make nests) after anesthetization with MS222 (100–200 mg/L). The
organs were wiped with tissue paper to remove water and blood.
The mass (mg) of each pharyngeal organ and the standard body
length (cm) of each fish were measured. The pharyngeal organs
were then fixed in Bouin’s solution (Sigma, Saint-Quentin-Fallavier,
France) for 48 hr.
Paraffin section and staining
After fixation with Bouin’s solution, pharyngeal organs were
dehydrated through a graded ethanol series, infiltrated with xylene,
and embedded in paraffin. Serial 7-μm sections were mounted on
gelatin-coated glass slides. The sections were oxidized in 0.5%
aqueous periodic acid for 10 min and then rinsed in distilled water.
The slides were then treated with Schiff’s reagent (Merck,
Darmstadt, Germany) for 15 min, followed by washing in running
tap water for 10 min and counterstaining with hematoxyline. The
prepared sections were observed under a light microscope
(Olympus BX-50, Tokyo, Japan).
Quantification of the number of PAS-positive cells
Most PAS-positive cells were distributed in the epithelium of the

Collection and dot blotting of bubble nests
The bubble nest on the water surface made by each male
Siamese fighting fish was collected in a tube using a dropper. Tap
water from the same tank was also collected as a control. The samples were centrifuged at 4°C and 1000 × g for 10 min. The supernatants were loaded onto PVDF membranes (0.45 μm2, Millipore,
Billerica, MA, USA) that were hydrated with methanol and 0.1 M PB.
Each dot-blotted membrane was oxidized in 0.5% aqueous periodic
acid for 10 min, and then rinsed in distilled water. The membrane
was then treated with Schiff’s reagent (Merck, Darmstadt, Germany)
for 15 min to stain the glycoprotein, followed by washing in running
tap water for 10 min. In addition, the dot-blotted membrane was
treated with 0.1% Ponceau S solution to probe the protein content
(Salinovich and Montelaro, 1986).
Location of the pharyngeal organ
Five Siamese fighting fish were fixed in formalin for two days
(after anesthetization with MS222, 100–200 mg/L). The fixed fish
were washed three times with 0.1 M phosphate buffer (PB, pH 7.2)
for 10 min. To reveal the location of the pharyngeal organ in the
buccal cavity, the head of each fish was longitudinally sectioned
and cross-sectioned by autopsy knife.
Ultrastructure of the pharyngeal organ
The morphology of the pharyngeal organ and the openings of
mucous cells in Siamese fighting fish were examined by scanning
electron microscopy. Pharyngeal organs were excised from the buccal cavity (after anesthetization with MS222, 100–200 mg/L) and
fixed at 4°C in a fixative consisting of 5% (v/v) glutaraldehyde and
4% (w/v) paraformaldehyde in 0.1 M PB for 12 hr. Fixed pharyngeal
organs were rinsed for 15 min with three changes of 0.1 M PB at
4°C and then post-fixed with 1% (w/v) osmium tetroxide in 0.1 M PB
for 1.5 hr. After post-fixation, the pharyngeal organs were rinsed in
PB and dehydrated in ascending concentrations of ethanol from
30% to absolute. Samples were then critical-point dried using liquid
CO2 in a Hitachi HCP-2 (Tokyo, Japan) critical-point drier, mounted

Fig. 1. Supernatants from bubble nests made by male Siamese
fighting fish (B. splendens) dot-blotted on a PVDF membrane and
stained with PAS (A) and Ponceau S (B). Magenta blots (A1, 5 μl;
A2, 10 μl) indicate PAS-positive signals on the membrane. The red
blot is a protein-positive signal stained with Ponceau S (B1). Tap
water to which fish had become acclimated was used as the loading
control (A3, 5 μl; A4, 10 μl; B2) (n = 3).

Pharyngeal Organ of Siamese Fighting Fish
papillae in the pharyngeal organs of all observed Siamese fighting
fish. For each sample, 15 areas on the epithelium of the papillae
were randomly selected. The length of each epithelial region was
measured to standardize cell counts to a fixed length (100 μm).
Statistical analysis
Values were compared using an unpaired one-way analysis of
variance (ANOVA) (Tukey’s pair-wise method), and P < 0.05 was
set as the level of significance. Values are expressed as means ±
S.E.M. (the standard error of the mean) unless stated otherwise.

RESULTS
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on the blots of tap water (Fig. 1B).
The pharyngeal organs of a mature Siamese fighting
fish are a pair of bean-shaped structures (Figs. 2B; 3A).
They lie antero-dorsal to and are diverticula of the posterior
region of the roof of the pharynx (Fig. 2A; 2B), through which
exhaled air from the labyrinth passes. The esophagus opens
caudally from the expanded roof of the pharynx (Fig. 2A;
2B). Scanning electron micrographs revealed that the pharyngeal organs of both male and female fish possess many
wrinkles, papillae, and pharyngeal teeth; these teeth are
circled by papillae (Fig. 3). On the surface of the papillae,

PAS-stained PVDF membranes dot-blotted with (i)
bubble nests collected from the water surface and (ii) tap
water from the same tank with each bubble nest showed
that the blots of bubble nests exhibited stronger PASpositive reactions, while the PAS reactions of the blots of tap
water were weaker (Fig. 1A). When these membranes were
stained with Ponceau S solution, a protein signal appeared
on the dot-blots of bubble nests, while no signal was found

Fig. 2. External and internal morphology of the oral cavity of
Siamese fighting fish (B. splendens), showing the locations of the
pharyngeal organs (PO), through which exhaled air passes. (A)
Sagittal section of the head; (B) head-on view of the upper jaw. B:
brain; BC: buccal cavity; E: eye; EO: esophagus opening; G: gill; L:
labyrinth; LJ: lower jaw; O: operculum; OP: pharyngeal opening; UJ:
upper jaw.

Fig. 3. Scanning electron micrographs of the pharyngeal organs of
Siamese fighting fish (B. splendens). Numerous papillae (P) and
wrinkles (W) are present on the pharyngeal organ. (A) External
structure; (B) horizontal section; (C) longitudinal section. PT: pharyngeal teeth. (× 50).
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Fig. 4. The mucous-cell-like opening (arrow) on the papillae of the
pharyngeal organ in a Siamese fighting fish (B. splendens)
observed by scanning electron microscopy (× 10000). Mucus granules are present in the mucous-cells-like opening. PV: pavement
cells.

Fig. 6. PAS-positive cells (magenta) found on the epithelia of pharyngeal organs in (A) male and (B) female Siamese fighting fish (B.
splendens) by PAS staining. (C) Quantification of PAS-positive cells
in the pharyngeal organs of male Siamese fighting fish with bubble
nests (MB, white panel), male fish without bubble nests (M, sparsely
hatched panel), and female fish (F, densely hatched panel). As indicated by dissimilar letters, there were significantly fewer PASpositive cells in the pharyngeal organs of female fish than in those of
either group of male fish (n = 5, one-way ANOVA followed by
Tukey’s comparison, P < 0.05). Values are represented as means ±
S.E.M. C: connective tissue; E: epithelium.

Fig. 5. Pharyngeal-organ mass (mg) and body length (cm) in male
Siamese fighting fish (B. splendens) with bubble nests (MB, white
panel), male fish without bubble nests (M, sparsely hatched panel),
and female fish (F, densely hatched panel). As indicated by dissimilar letters, the pharyngeal organ was significantly smaller in
female fish than in the other groups (n = 5, one-way ANOVA followed by Tukey’s comparison, P < 0.05). Values are represented as
the means ± S.E.M.

Longitudinal sections of the pharyngeal organs of
Siamese fighting fish stained with periodic acid-Schiff’s
(PAS) and hematoxyline revealed numerous PAS-positive
cells in the epithelial region of the papillae (Fig. 6A, B).
Quantification of the PAS-positive cells in the epithelium of
the papillae indicated that the number of cells in male fish
was greater (approximately 1.4-fold) than that in female fish,
but no significant difference was found between male fish
with and without bubble nests (Fig. 6C).
DISCUSSION

many mucous-cells-like openings with mucus granules were
observed (Fig. 4). The average size of the pharyngeal
organs was found to be sex-dependent. Female Siamese
fighting fish had smaller pharyngeal organs. The average
size in all male fish was about 1.5-fold greater than that in
female fish. There was no significant difference in
pharyngeal-organ size between male fish with and without
bubble nests (Fig. 5).

Building bubble nests on the water surface, a specialized behavior during the reproductive period, is observed in
anabantoid fish (Bronstein, 1982; Rüber, 2004), snakehead
fish (Ahmad and Hasnain, 2005), catfish (Andrade and Abe,
1997), and frogs (Copper et al., 2005). Shephard (1994) has
reported that the mucus-coated bubbles of the nest are
formed from air and mucus in the buccal cavity of the
Siamese fighting fish. To our knowledge, the present study

Pharyngeal Organ of Siamese Fighting Fish

is the first to reveal that the bubble nests of male Siamese
fighting fish are made up of glycoprotein-rich mucus (Fig. 1).
The mucus is highly viscous, enabling the bubbles to persist
for longer periods in the water. The male fish can aggregate
the bubbles to nest. Previous studies have indicated that
glycoproteins reduce bacterial and fungal infections in fish
(Shephard, 1994). In addition, Bronstein (1982) has reported
that the bubble nests built by male Siamese fighting fish
improve the hatching rate of the embryos, suggesting that
the mucus-coated bubbles reduce bacterial and fungal infections in the embryos of Siamese fighting fish.
In Siamese fighting fish, the pharyngeal organ is located
on the dorsal pharynx where the four pairs of gills converge.
This air-breathing fish species has a pair of labyrinths in the
suprabranchial chambers whose pharyngeal opening is
located adjacent to the pharyngeal organ (Fig. 2A; B).
Graham (1997) has reported that anabantoid fish inhale air
from the water surface to the buccal cavity and that the air
then passes across the pharyngeal opening into the labyrinth. Following gas exchange, the air is exhaled through the
same opening to the mouth or released from the gill slits.
Hence, based on the position of the pharyngeal organ, our
study suggests that the air used to make bubble nests is
gulped from the water surface and then contacts the pharyngeal organ and is mixed with mucus in the buccal cavity of
the Siamese fighting fish.
Numerous teeth, wrinkles, and papillae are present in
the pharyngeal organ of the Siamese fighting fish (Fig. 3).
The structure of the pharyngeal organ is similar to that of
other teleosts (Miller, 1964; Sanderson et al., 1991; Bauchot
et al., 1993). The teeth of the pharyngeal organ may masticate and retain food in the buccal cavity of Siamese fighting
fish. Previous studies have indicated that the wrinkles and
papillae of the pharyngeal organ expand the mucussecreting epithelial surface (Miller, 1964; Sanderson et al.,
1991; Bauchot et al., 1993). In agreement with previous
studies focused on the ultrastructural crypts of mucous cells
(Marshall et al., 1997), our scanning electron micrographs
show mucous-cell-like openings on the surface of the
papillae in Siamese fighting fish (Fig. 4).
Our results also demonstrate that the average size of
the pharyngeal organs of male Siamese fighting fish is
greater than that of female fish (Fig. 5), although the structure of the pharyngeal organs of male and female fish is
identical (data not shown). A larger pharyngeal organ may
have a larger epithelial surface. In addition, PAS-positive
cells occur in the epithelia of wrinkles in the pharyngeal
organs (Fig. 6A; B). Previous studies have reported that
mucous goblet cells in the epithelium produce stronger PAS
signals in teleosts (Gona, 1979; Yahpal et al., 2007).
Together with the histological characteristics of goblet cells,
we have compared these numbers of PAS-positive cells in
the epithelium of the pharyngeal organs between the male
and female Siamese fighting fish (Fig. 6C). The larger epithelial surface and greater number of mucous goblet cells in
the pharyngeal organs of male fish indicate a greater capacity for mucus secretion than in those of female fish. Because
mucous goblet cells are also present in the pharyngeal
organs of female fighting fish, mucus secretion from the
pharyngeal organs of male and female fish may be multifunctional, perhaps used both in feeding and in building
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bubble nests. Furthermore, Siamese fighting fish may
secrete more mucus to moisten the oral and suprabranchial
cavities because they breathe air, just as terrestrial animals
produce more mucus in the respiratory system (Jackson,
2001). Our comparison of the size of the pharyngeal organ
and the number of mucous cells reveals no significant difference between male fish with and without bubble nests (Figs.
5; 6). These results indicate that the sexual dimorphism in
mucus secretion in the pharyngeal organs of mature male
fish is not limited to the reproductive period. Previous
studies have reported that the mucus secretion of goblet
cells in mammals is under hormonal and neuronal controls
(Shimura, 2000). Schwagmeyer et al. (1977) observed that
the ability of the anabantoid species Macropodus opercularis
to build bubble nests decreases after telencephalon ablation. Therefore, the mucus-secreting capacity of the pharyngeal organs of male Siamese fighting fish for building bubble
nests is probably under hormonal and neuronal controls
during the reproductive period.
Sexual dimorphism has been found in the reproductive
mechanisms of many fish, including anabantoid species
(Cambray, 1997; Jaroensutasinee and Jaroensutasinee,
2001b). In teleosts, this dimorphism increases the reproductive advantage of male or female fish by resulting in the
expression of specific reproductive behaviors (Parker,
1992). The present study indicates that the pharyngeal
organs of Siamese fighting fish are sexually dimorphic.
Because the mucus-secretion capacities of the pharyngeal
organs are sex dependent, our results suggest that sexual
dimorphism in the pharyngeal organs of male Siamese fighting fish supplies greater mucus secretion in the buccal
cavity for building the bubble nest.
Taken together, our observations provide evidence that
the bubble nests built by male Siamese fighting fish are
composed of glycoproteins and that the pharyngeal organs
of this species exhibit sexual dimorphism for mucus secretion. To illustrate the advantages of building bubble nests for
breeding offspring, future studies will investigate the type of
mucous cells in the epithelium of the pharyngeal organs that
is used to form bubbles, and will seek to determine the components of the mucus in bubble nests.
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