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The anatomy of the peripheral olfactory apparatus (i.e. olfactory lamellae, olfac-
tory chambers, accessory nasal sacs, olfactory nerve tracts, olfactory bulbs and 
brain) of some teleosts, viz. Pseudapocryptes lanceolatus (Bloch and Schneider, 
1801) — an air breathing mudskipper, Lepidocephalichthys guntea (Hamilton, 
1822) — a freshwater scavenger fish and Mastacembelus armatus (Lacepède, 
1800) — a freshwater potamodromous fish, has been studied in relation to their 
specific ecological habitat. Live, adult, sex-independent fish species were collected 
from the local markets of West Bengal, India, and acclimatised with the labora-
tory conditions (for 72 h at 32°C). The specimens were anaesthetised by MS-222  
(dose: 100–200 mg/L). Olfactory apparatuses were dissected out and fixed in 
aqueous Bouin’s solution. The macro- and microstructures (using haematoxylin 
and eosin) of the olfactory apparatuses were examined under binocular light 
microscope (LM) and trinocular LM (Primo Star; Carl Zeiss Microscpy, GmbH, Ger-
many) respectively. P. lanceolatus possesses unilamellar olfactory apparatus at the 
rounded snout, whereas L. guntea shows small rosette with 18 to 24 lamellae on 
either side of the elliptical snout. Elongated olfactory rosette (number of lamellae 
ranges from 60 to 76) is present at the pointed snout of M. armatus. Morpho-
-anatomical variation in snout structure of the respective species is an indicative of 
divergence in ecological habitat, but variation in olfactory apparatus is significant 
for species-specific differentiation. Pseudostratified olfactory neuroepithelial com-
ponents (i.e. sensory receptor cell, supporting cell and basal cell) show striking 
similarities amongst these species. Therefore comparative anatomical changes of 
the snout and olfactory apparatus are not only representing ecological habitat 
based on interspecific variation, but may also indicate the phylogenetic relation 
amongst said species. (Folia Morphol 2014; 73, 2: 122–128)
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INTRODUCTION
Teleosts are the most diverse taxon of all the ver-

tebrates [11]. This group shows enormous diversity 
in their ecological habitat, ranging from tropical reefs 
to abyssal depths of the aquatic environment [2]. 
Morphological pattern of the body structure of tele-
ost may depend on the specific ecological habitat of 
the species [23, 24]. Chemical senses (i.e. olfaction, 
gustation, etc.) of teleost play a vital role in searching 
the food as well as habitat selection of the species 
[8, 9, 16]. This sense is involved in the detection and 
discrimination of different chemical cues from the 
external environment [22]. The olfaction in teleosts is 
mediated through the specific anatomical organ, viz. 
olfactory apparatus, which is comprised of olfactory 
lamellae, olfactory chambers, accessory nasal sacs, 
olfactory nerve tracts and brain [1, 7]. Anatomical 
diversity of this neurosensory structure [3, 15] is of 
great significance in fish taxonomy and phylogeny 
[19, 20], but the habitat based on ecomorphological 
variation of the peripheral olfactory apparatus in 
teleosts is still an obscure part in fish biology. Pseu-
dapocryptes lanceolatus (Bloch and Schneider, 1801), 
Lepidocephalichthys guntea (Hamilton, 1822) and 
Mastacembelus armatus (Lacepède, 1800) of different 
teleostean taxa and ecological habitat are considered 
to understand the ecomorphological variation of the 
olfactory apparatus. These species are commonly 
bottom-dwelling, but are found in different environ-
mental conditions. Pseudapocryptes lanceolatus is an 
air-breathing mudskipper and generally can be found 
on the coastal mudflats, intertidal zone of South 
Bengal. Lepidocephalichthys guntea is a  common 
freshwater scavenger fish of river Ganga and gene-
rally can be found in shallow, slow-moving sections 
of streams. Mastacembelus armatus is a freshwater 
species and potamodromous in nature. This exercise 
highlights the detail morphological diversity of the 
snout and peripheral olfactory system in P. lanceola-
tus, L. guntea and M. armatus respectively in relation 
to their specific ecological habitat.

MATERIALS AND METHODS
Live, adult, disease-free and sex-independent  

P. lanceolatus, L. guntea and M. armatus were collected 
from the different local markets of West Bengal and 
brought to the laboratory. The fishes were acclima-
tised in the laboratory conditions for 72 h at room 
temperature (32°C) and anaesthetised by MS-222 
(dose: 100–200 mg/L). The experimental specimens 

were then fixed in aqueous Bouin’s solution for 12 h. 
Olfactory apparatus was dissected out from the an-
tero-dorsal part of the head and examined under 
binocular light microscope. For the histological study, 
the dissected olfactory apparatuses of P. lanceola-
tus, L. guntea and M. armatus were separately fixed 
in aqueous Bouin’s solution for 1 h. After fixation, 
olfactory apparatuses were washed in 70% ethanol 
and then dehydrated in graded ethanol followed by 
clearing in xylene. The tissues were then embedded 
in paraffin wax of 56–58°C under a thermostat va-
cuum paraffin-embedding bath for a period of 1 h. 
The serial thin sections (about 4 μm) of the olfactory 
lamellae were cut by rotary microtome. The tissues 
were stretched on Mayer’s albuminised glass sli-
de and then stained with haematoxylin-eosin stain. 
Stained sections were examined under trinocular 
microscope (Primo Star; Carl Zeiss Microscpy, GmbH, 
Germany) and image-analysed by Axio Vision LE (ver-
sion 4.3.0.101) (Carl Zeiss Vision, GmbH, Germany).

RESULTS
The olfactory apparatus of Pseudapocryptes lan-

ceolatus (Fig. 1A) is present at the frontal part of 
the rounded snout in-between the nostrils (Fig. 1B). 
It comprises of single olfactory lamella along with 
ethmoidal sac and lacrimal sac, olfactory chambers, 
olfactory nerves and brain (Fig. 2A, B). The nostrils, 
i.e. anterior nostril and posterior nostril, are located 
at a distance of about 6 mm from each other. The 
anterior nostril is a  tube-like structure, present at 
the apical tip of the snout and projected antero-
-downwardly. The posterior nostril is an oval-shaped 
aperture located just anterior to the eye (Fig. 1B). 
These nostrils are well associated with olfactory la-
mella, which is an elongated tube-like structure (Fig. 
2A, B). This structure is partly guarded by bony ol-
factory chambers (Fig. 2B). The nasal cavity has an 
open communication with the nostrils and present 
within the olfactory lamella. Diameter of nasal cavity 
is gradually increased towards the posterior part of 
the olfactory lamella. The accessory nasal sacs, viz. 
ethmoidal sac and lacrimal sac, are morphological-
ly different and are present at the posterior part 
(i.e. dorsocaudal and ventrocaudal region) of the 
olfactory lamella (Fig.  2B). Paired olfactory nerves 
are originated from the distal part of the olfactory 
lamella and travel together relatively long distance 
(about 10 mm) to connect with the olfactory bulb of 
the brain (Fig. 2A, B). The subdivision of the brain in  
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P. lanceolatus is noted from the dorsal view as olfac-
tory bulb, cerebral hemisphere, optic lobe, cerebel-
lum, medulla oblongata, etc. (Fig. 2B). The olfactory 
bulb of the P. lanceolatus is anatomically attached to 
the frontal part of the brain. Histologically, olfactory 
lamella is externally lined by pseudostratified olfac-
tory neuroepithelium, which encloses the nasal cavity 
(Fig. 3A, B). Olfactory neuroepithelium comprises of 
sensory receptor cell, supporting cell and basal cell. 
Sensory receptor cells are bipolar neuron in nature 
and possess dendron, perikaryon and axon (Fig. 3B). 
Perikaryons are generally marked at the different 
depth of the olfactory neuroepithelium. Supporting 
cells are columnar in nature and extend from the 
apical part to the basal lamina. Several axonal bun-
dles are present just beneath the basal lamina, i.e. 
fila olfactoria region (Fig. 3A, B).

Lepidocephalichthys guntea (Fig. 4A) also pos-
sesses 2 pairs of nostrils, viz. anterior nostril and 
posterior nostril. These are located on short elliptical 
snout of L. guntea at a distance measuring about  
1 mm (approx.) (Fig. 4B). The anterior nostril is a short, 
tube-like structure and is projected outwardly. The po-
sterior nostril is a slightly transverse, slit-like aperture 
and is located at the anterior edge of the eye (Fig. 4B). 
The bony olfactory chamber is located in-between 
2 nostrils. The olfactory apparatus of L. guntea compri-
ses of olfactory chambers, olfactory rosette, accessory 
nasal sacs, olfactory bulbs, olfactory nerve tracts and 
olfactory lobes of the brain (Fig. 5A, B). Paired olfac-
tory rosette is located within the olfactory chamber 
at the dorso-lateral region of the head. This rosette 
is roughly elliptical in shape and multilamellar in 

Figure 1. A. The photograph shows external morphology of the 
air-breathing coastal mudskipper, viz. Pseudapocryptes lanceolatus 
(Bloch and Schneider, 1801) (order: Perciformes; family: Gobiidae); 
B. Diagrammatic representation of rounded snout region of P. lan-
ceolatus that possesses distinct anterior nostril (AN) and posterior 
nostril (PN). The nostrils are lying at a distance from each other.

A B

Figure 2. A, B. The photograph and diagram show the olfactory 
apparatus of P. lanceolatus, which comprises of single olfactory 
lamella (OL), ethmoidal sac, lacrimal sac, olfactory chamber, olfac-
tory nerve (ON) and brain (BR) (olfactory bulb, cerebral hemisphe-
re, optic lobe, cerebellum, medulla oblongata, etc.).

A B

Figure 3. A, B. The transverse section of the single olfactory lamella in P. lanceolatus shows pseudostratified olfactory neuroepithelium (OE), 
which encloses the nasal cavity (NC). The olfactory neuroepithelium possesses sensory receptor cells (arrows), supporting cell (arrow head), 
basal cell (BC), etc. Several axonal bundles (AB) are also marked just beneath the basal lamina.

A B
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structure (Fig. 5A, B). Total number of the olfactory 
lamellae in each rosette ranges from 18 to 24. Each 
rosette shows 2 rows of olfactory lamellae radiating 
from the central axis, i.e. olfactory raphae. The acces-
sory nasal sacs, viz. ethmoidal sac and lacrimal sac, 
are well associated with olfactory rosette at different 
position (Fig. 5A, B). The ethmoidal sac is located at 
the antero-dorsal side and the lacrimal sac is located 
at the postero-ventral side of the olfactory rosette. 
The olfactory nerve appears from the distal part of 
the olfactory rosette and immediately projects into 
the olfactory bulb (Fig. 5A, B). Olfactory bulbs are 
pear-shaped in structure and are very closely associa-
ted to each other. Paired olfactory nerve reappears 
from the opposite end of the olfactory bulb and tra-
vels together (1.5 mm approx.) to connect with the 
olfactory lobe to the brain (Fig. 5A, B). Anatomical 
subdivision of the brain from the dorsal view is also 
noted. Microanatomically, the multilamellar olfactory 
rosette shows externally lining of pseudostratified 
olfactory neuroepithelium (Fig. 6A, B). This olfactory 
neuroepithelium also shows common cellular com-
ponents, like sensory receptor cells, supporting cells 
and basal cell (Fig. 6A, B). These cells are generally 
distributed throughout the neuroepithelium of the ol-
factory rosette. The epithelial folding of the olfactory 
neuroepithelium in L. guntea is distinct (Fig. 6A, B). 
The fila olfactoria region is apparently shorter than 
P. lanceolatus and present beneath the basal lamina 
(Fig. 6A, B). Axonal bundles are not prominent in this 
fila olfactoria. Glomeruli-like structures are clearly 
noted within the olfactory bulb of L. guntea (Fig. 6C).

In Mastacembelus armatus (Fig. 7A), the anterior 
and posterior nostrils are lying far apart from each 

Figure 5. A, B. The anatomical photograph and diagram represent 
the olfactory apparatus of L. guntea. The olfactory apparatus in this 
species includes small, oval-shaped olfactory rosette (OR), ethmo-
idal sac, lacrimal sac, olfactory bulbs (OB), olfactory nerve (ON) 
and brain (cerebral hemisphere [CH], optic lobe [Op.L.], cerebellum 
[CB], medulla oblongata [MO], etc.).

A B

Figure 6. A, B. The transverse section of the olfactory rosette of L. guntea multiple neuroepithelial folding around the nasal cavity (NC). The 
olfactory neuroepithelium (OE) is the pseudostratified structure and comprises of sensory receptor cells (arrows), supporting cell (arrow 
head), basal cell (BC), etc.; C. The histological section shows large accumulation of glomeruli-like structures (stars) within the olfactory bulb 
in L. guntea.

A B C

Figure 4. A. The external morphology of Lepidocephalichthys  
guntea (Hamilton, 1822) (order: Cypriniformes; family: Cobitidae),  
a common freshwater scavenger fish of the South East Asia;  
B. The snout of L. guntea is elliptical in shape and possesses an-
terior nostril (AN) and posterior nostril (PN), located in front of the 
eye. The nostrils are very closely associated with each other.

A B
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other (Fig. 7B). The anterior nostrils are tube-like in 
structure and projected obliquely from the apical 
tip of the elongated snout. The posterior nostrils 
are small, oval-shaped aperture and are located 
near the eye. The olfactory apparatus of M. armatus 
comprises of olfactory chambers, olfactory rosette, 
single accessory nasal sac, olfactory nerve tracts and 
brain (Fig. 8A, B). The olfactory chamber is memb-
ranous in structure and encapsulates the olfactory 
rosette. The elongated olfactory rosette is paired 
and multilamellar in nature (Fig. 8A, B). The rosette 
is present at the apical tip of the snout in-between 
the nostrils. Each olfactory rosette shows parallel 
arrangement of the olfactory lamellae, radiating 
from the central raphae. Number of the olfactory 
lamellae ranges from 60 to 76 (Fig. 8A, B). A single 
accessory nasal sac is associated at the caudal region 
of the olfactory rosette (Fig. 8A, B). The olfactory 
nerve tracts are paired and originate from the base 
of the olfactory rosette. These nerve tracts lay very 
close to each other and are connected with the ol-
factory bulb, which is located at the ventral part of 
the telencephalon (Fig. 8A, B). Cerebral hemisphere, 
optic lobe, cerebellum and medulla oblongata are 
the prominent subdivision of the brain (from the 
dorsal view). The histological section of the olfactory 
rosette shows longitudinal arrangement of lamella 
with olfactory neuroepithelium (Fig. 9A). Olfactory 
neuroepithelium is pseudostratified in nature and 
also comprises of sensory receptor cell, supporting 
cell and basal cell (Fig. 9B, C). These cells are frequ-
ently distributed over the entire neuroepithelium. 

Figure 8. A, B. The olfactory apparatus of M. armatus comprises 
of elongated olfactory rosette (OR), accessory nasal sac (AS),  
olfactory nerve (ON) and brain (cerebral hemisphere [CH], optic 
lobe [Op L), cerebellum [CB], medulla oblongata, etc.).

A B

Figure 9. A, B, C. The histological micrographs of the elongated olfactory rosette of M. armatus shows arrangement pattern of olfactory 
lamella (OL) along with the axis, nasal cavity (NC), cornua trabeculae (CT) at the distal part, olfactory chamber (OC), etc. C. The diagrammatic  
representation of olfactory neuroepithelium (OE) in M. armatus possesses sensory receptor cell (arrow head), basal cell (BC), etc., resting on 
the basal lamina (BL). [Not to Scale.]

A B C

Figure 7. A. The photograph of Mastacembelus armatus 
(Lacepède, 1800) (order: Synbranchiformes; family: Mastacemli-
dae), showing distinct external morphology; B. The snout of  
M. armatus is long and pointed, represented in diagram. The 
distance between the anterior nostril (AN) and posterior nostril 
(PN) in M. armatus is comparatively greater than in P. lanceolatus 
and L. guntea.

A B
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The number of neuroepithelial folding is greater 
than in L. guntea and results in the large number 
of olfactory lamellae within the rosette, as noted in 
the anatomical study. The prominent presence of 
cornua trabeculae at the both ends of the olfactory 
rosette is very interesting in M. armatus (Fig. 9A).

DISCUSSION
Chemoreception is an important sensory me-

chanism in fish, which helps to recognise prey or 
potential mates and favourable habitat within the 
aquatic environment [9]. The olfactory apparatus of 
fish can perceive chemical odorants from the aquatic 
environment through the nostrils [5]. The external 
variation of the snout, nostrils and olfactory appa-
ratus in P. lanceolatus, L. guntea and M. armatus 
are demarcated in different aspects, viz. distance 
between the nostrils, number of olfactory lamellae, 
occurrence of accessory nasal sacs, length of the ol-
factory nerve tracts, neuroepithelial folding, etc. The 
morphometry of the snout in fish may be related to 
the ecological niche based on the feeding behaviour 
of the respective species [25]. Variation in snout 
morphology may denote the diversity of foraging 
pattern as well as habitat preference of the species 
[18]. The external structures of snout in P. lanceo-
latus, L. guntea and M. armatus are also variable, 
what may indicate differences in ecological habitat 
and feeding habits. The olfactory apparatus of fish 
is present at the snout region of the head. Anato-
mical difference in this chemosensory apparatus is 
not correlated with the variable olfactory sensitivity 
in the species [26]. This phenomenon may be inter-
preted as the species-specific variation between the 
experimental specimens. The olfactory sensitivity is 
directly related to the physical interaction of the 
sensory receptor cells and chemical odorants during 
water ventilation over the olfactory neuroepithelium 
[4]. The occurrence of the olfactory neuroepithelial 
cells (viz. sensory receptor cell, supporting cell and 
basal cell) is very similar amongst the experimental 
specimens and probably plays a vital role in olfac-
tory sensitivity in fish [5, 8]. However, the increased 
lamellar surface of the olfactory neuroepithelium is 
caused by the frequent neuroepithelial folding to 
form olfactory rosette [8]. Number of the olfactory 
lamellae within the olfactory rosette of L. guntea and 
M. armatus represents the interspecific variation. 
Flat olfactory neuroepithelium of P. lanceolatus may 
be noteworthy for benthic habitat, as proposed by 

Burne [3]. Additionally, the occurrence of accessory 
nasal sacs in P. lanceolatus, L. guntea and M. arma-
tus may be an anatomical evidence of sedentary 
bottom-dwelling nature [10, 13], but the existing 
variation may be interphyletic. The structural diver-
sity of the snout, nostrils and olfactory apparatus is 
more prominent, as they are directly exposed to the 
external aquatic environment. These variations may 
be noted as adaptive characters for specific habitat 
of the respective species. The central nervous system 
(viz. brain) exhibits functional diversity in structure, 
shape and size amongst various groups of fishes 
[6, 12]. The subdivisions of the brain are responsible for 
different neural functions [14]. Structural divergence 
in the morphology of brain probably reflects the di-
versity in ecological habitat and feeding behaviour of 
the species [21]. Structure of the brain is related to the 
ecological conditions, but comparative study on the 
brain morphology in teleosts belonging to the similar 
ecological habitat also shows diversity. Kortschal et al. 
[17] reported that both phylogenetic and ecological 
factors are responsible for interspecific variation 
of the brain in teleosts. We assume that structural 
diversity in brain morphology is an indicator of in-
terphyletic distance amongst the species.

Conclusions
The comparative anatomical changes of the snout 

and olfactory apparatus are not only representing 
ecological habitat based interspecific variation, but 
may also indicate the phylogenetic relation amongst 
said species.
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