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epithelium of four coldwater hillstream teleosts from
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Abstract. This contribution deals with the scanning electron microscopic surface structure
of olfactory epithelium in four hillstream teleosts from the glacialfed river Alaknanda in
Garhwal Himalaya (UP, India)· The closely related species—Schizothorax plagiostomus,
Schizothorax richardsonii (both bottom dweller, bottom feeder, herbiomnivorous) and
Schizothoraichthys progastus (column dweller, column feeder, carniomnivorous) reveal the
predominance of different types of olfactory receptor cell types separately in their respective
olfactory epithelium while the distinctly related species Crossocheilus latius latius with
similar nature as first two (i·e· bottom dweller, bottom feeder, herbiomnivorous) displays
the presence of more microvillous cells in the olfactory epithelium· Possibly, the occurrence
of particular receptor cells in a fish species is related to the ecological and feeding
behaviours with distinct mechanism of olfaction·
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1. Introduction
The morphology of the olfactory organs in the teleosts including the Cypriniformes
had been reviewed by Hara (1975), Yamamoto and Ueda (1978) and Yamamoto
(1982)· Its Ultrastructure offers very fascinating observations since the sensory-receptor
cells of the olfactory epithelium are in direct contact with the surroundings so as
to perceive the external chemical stimuli in different ways· Thus, the olfactory
sensory cells display various distinctive and adaptive features as regards their
distributional pattern, density, spatial configuration, their inter relationships as well
as their relationships with other cellular elements as evident from the study of
olfactory organs of various species and groups of teleost inhabiting diverse ecological
habitats mobilising a variety of olfactory cues in their functions (Evans and Hara
1977; Ichikawa and Ueda 1977; Schulte and Riehl 1978) and their comparison in
the Bypriniformes (Yamamoto and Ueda 1978)· Recently, with the help of scanning
electron microscopic (SEM) techniques, Zielinski and Hara (1988) and Hara and
Zielinski (1989) studied the development of olfactory epithelium including receptor
cells in the embryonic stages of Salmo gairdneri· However, very little description
of the structure and function of the olfactory epithelium in the teleosts from
fresh waters of Indian subcontinent (especially those inhabiting the coldwater hillstreams). Such work remained confined to the application of classical histological methods
The hillstream environs in the Garhwal Himalaya are unique in their characteristics
inclusive of recent geomorphological transformations resulting from many multipurpose
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river valley projects (Singh et al 1993) which are likely to adversely affect the
overall health of hillstream habitats· Such changing scenario will certainly have
profound impact on the preferential distribution of the fish species and the nature
of the external stimuli· Under such circumstances of habitat changes, the over all
well being and optimal functioning of the sensory system including olfaction are
of vital significance for the survival and growth of individuals and populations.
The olfaction in the coldwater teleosts of Garhwal Himalaya have not been
studied thoroughly except few preliminary observations· Singh and Singh (1986)
described the structure of the sensory epithelium in olfactory rosettes of few
hillstream teleosts· As a continuation to this, the present work embodies the
comparative morphology of the Ultrastructure of olfactory epithelium as revealed
by the scanning electron microscopic methods in four coldwater cyprinoids—
Schizothorax plagiostomus, S· richardsonii, Schizothoraichthys progastus (related
species of snowtrout) and Crossocheilus latius latius from the glacialfed river
Alaknanda in the Garhwal Himalaya· These are selected keeping in view their
ecological and feeding characters as well as ongoing transformations in the hillstream
habitat and their impact on the behaviours of the inhabitants.
2. Materials and methods
Live specimens of Schizothorax plagiostomus Heckel, S. richardsonii Gray,
Schizothoraichthys progastus McBlelland and C· latius latius Hamilton (Family
Byprinidae; 25–30 cm long, all adult but not in breeding phase) were collected by
'gill net' method from the river Alaknanda at Srinagar Garhwal (535 m; 30° 13'
N, 78° 48' E) during winter months of 1995-91. These were brought to the laboratory
and acclimatized for one week· Their olfactory pits were superficially cleansed with
70% ethanol to remove any debris, rosettes were dissected out with repeated
droppings of fixative and immediately fixed in 3% gluteraldehyde (in 0·1 Μ phosphate
buffer, pH 7·5) at 4°B for 24 h, washed thoroughly in phosphate buffer at room
temperature to remove the traces of gluteraldehyde. The olfactory rosettes were tun
through the cycle of 1% osmium tetraoxode (in 0·1 Μ phosphate buffer at pH 7·5)
(35 min)—1 % aquous (precentrifuged) tannic acid (15 min)—0·1 Μ phosphate buffer
(pH 7·5) (5 min) for osmium deposition (Tribe et al 1975; Sweney and Shapiro
1977; Singh 1991): as an alternative to the gold sputtering· The cycle was repeated
till the specimens (olfactory rosettes) turned dark brown/black on the surface. The
selected rosettes were again thoroughly washed in phosphate buffer, dehydrated in
graded series of ice-cold ethanol and finally with propylene oxide· These were
immersed in amyl acetate before putting them to critical point drying (CPD) using
CO2 as the transitional fluid· With the help of graphite glue, the specimens were
mounted on the brass strubs and exmined in the SEM (JEOL JSM845) and
photographed 10 kv.
2. Results
The olfactory rosettes in these fishes are cup-shaped. Each rosette comprises several
olfactory lamellae arranged in two rows surrounding the cup-shaped olfactory
chamber in S. plagiostomus (figure 1), S. richardsonii and Schizothoraichthys

SEM study of olfactory epithelium of teleosts

Figures 1 and 2. For caption, see page no. 102.
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progastus (figure 6).The linear profile of the olfactory lamellae is not as remarkable
in C. latius latius as in other three species (figure 15).
3.1 S. plagiostomus
The surface of olfactory lamellae displays a considerable number of ciliated non
receptor cells (CN) which are arranged in the form of ciliary tufts (figures 2-3).
The ciliated receptor cells (CR, arrows) are found scattered in the mass of ciliated

re~
Figure 3. For caption, see page no· 102.

non receptor cells, It appears that 2–4 ciliary processes arise from the cell bodies
of the ciliated receptor cells.The other parts of the lamella as well as another
lamellae reveal numerous microvillous cells scattered in between the ciliated non
receptor cells indicating the regional dominance of a particular cell types in the
given region of the lamella observed and/or whole of the lamella.
3.2 S. richardsonii
Curiously, olfactory epithelium lacks any of the ciliated elements either in the
sensory or indifferent epithelial region. Mucous cells form the major part of the
indifferent olfactory epithelium; the mucous cells with their clear openings (A)
have been observed (figures 4–5) found along with the supporting cells (S, white
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Figures 4 and 5.

For caption, see page no. 102.
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Figure 6 and 7. For caption, see page no.102.
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lines) assuming a spherical or semispherical button like appearance· Among the
receptor cells, the microvillous cells (MVC) and rod cells (R. white arrows) are
noteworthy (figure 4).
3.3 Schizothoraichthys progastus (figures 7–9)
The ciliated receptor cells (BR) and microvillous receptor (MVB) are the principal
receptor celluar elements· The microvillous cells predominate· Both the sensory
cells are found scattered in the mass of ciliated non-receptor cells of indifferent
epithelium as in S. plagiostomas, however, regional predominance by any receptor
cell types was not observed.
3.4

C. latius latius (figure 11)

The microvillous cells (MVC) are the main sensory cells observed in this fish
though ciliated receptor cells have been noticed in lesser numbers in the other
parts of the lamella· Other significant feature is the presence of mucous cells (black
arrows) and ciliated non receptor cells as the main constituents of the indifferent
epithelium· The rod cells (white arrows) appear in few number.
4. Discussion
The dissimilarity in the surface structural features of olfactory epithelium even in
closely related species occupying similar ecological habitat (S· plagiostomus and S.
richardsonii) and of different ecological habitat (Schizothoraichthys progastus) is
very interesting. In S. plagiostomus, olfactory epithelium is characterized by ciliated
non receptor cells, ciliated receptor cells and microvillous cells whereas in S.
richardsonii, the predominance of indifferent epithelium with mucous cells and
patches of sensory epithelium (microvillous and rod cells) is remarkable. The
occurrence of ciliated receptor cells and patches of microvillous cells scattered in
the mass of indifferent epithelium in Schizothoraichthys progastus is noticeable
feature· In C. latius latius, the olfactory epithelium is marked by the predominance
of microvillous cells· The sensory nature of ciliary cells, rod cells and microvillous
cells is an established fact. In S. plagiostomus and Schizothoraichthys progastus,
the ciliated cells (non receptor) are present in many clusters forming ciliary tufts.
Similar ciliary aggregations but with different configuration had been reported by
Lowe (1974) in the olfactory epithelium of gadoid fishes· According to Lowe and
Macleod (1974), such ciliary aggregations do not possess sensory functions but
they possibly assist in mechanical separation. Later studies by Yamamoto and Ueda
(1978), Zielinski and Hara (1988) and Hara and Zielinski (1989) identified definite
ciliated receptor cells and confirmed their olfacto-sensory functions· The characteristic
absence of any ciliated elements and its significance in S· richardsonii is still
obscure, however, openings of mucous glands of similar nature have also been
reported by Singh and Singh (1986) in Puntius chillinoides, a hillstream teleost of
parallel ecological habitat but inhabiting the relatively smaller and springfed streams
of this region.
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Figures 8 and 9. For caption, sec page no. 102.
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Figure 10 and 11. For caption see page no. 102.
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Distinctive surface structures of dissimilar cellular elements in the olfactory
epithelium in S. plagiostomus (figures 2–3), S. richardsonii (figures 4–5) and
Schizothoraichthys progastus (figures 7-9) seem to be the manifestation of
evolutionary process because these species reside in the same habitat of coldwaters
of glacialfed hillstreams (like the river Alaknanda), thus, mobilizing different
olfactory cues. While studying the electron microscopic observations on the
development of olfactory receptor cells in the embryo of Salmo gairdneri, Zielinski
and Hara (1988) and Hara and Zielinski (1989) reported that there develop two
distinct olfactory receptor cells—ciliated and microvillous cells with their
differentiated response to chemical stimuli. Moreover, heterogenecity of the olfactory
receptor cells is well known. Therefore, there is the possibility of relationships
between predominant role of olfactory function and olfactory receptor cell types,
on one hand, and ecological-feeding habits, feeding niches and feeding times on
the other (table 1) at least in the coldwater hillstream fishes with the clear emphasis
on selection of habitat and/or food· Because the selection of habitat and food also
depends upon their chemical characteristics among other factors. Singh and Singh
(1986) made an effort to correlate the morphological features of olfactory lamellae
including olfactory receptor cell types with behaviour and feeding habits in Barilius
bendelisis, Noemacheilus montanus, S. richardsonii and P. chillinoides (table 1).
However, it will be inopportune to draw such a conclusion unless few more
convincing data are obtained though such a proposition is very much possible.
It seems that the predominance of particular receptor cell types in the olfactory
epithelium manifests in slightly distinct mechanism of olfaction while responding
to a similar olfactory stimuli which also involve distinct cell types to assess the
surroundings in the same habitat. Therefore, they avoid olfactory competition and
introduce distinctive adaptive features in olfaction at physiological level among
closely related species (Singh 1991).
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Figures 1–11. (1) Olfactory rosette of S· plagiostomus, two rows of olfactory lamellae
(L) arc clearly marked. (2) Tufts of ciliated non receptor cells in S. plagiostomus· (3) Ciliated
receptor cells (CR, arrows) lying among the mass of ciliated non receptor cells (CN) in
S. plagiostomus. (4) Mucous cells (MC), microvillous cells (MVC, black arrows), rod cells
(R, white arrows) along with a number of spherical or semispherical button like supporting cells
(S, while lines) in S· richardsonii. (5) Magnified view of a mucous cell (MC) with
clear outlet (A) in S. richardsonii· (6) Olfactory rosette of Schizothoraichthys progastus,
two rows of olfactory lamellae (L) arc clearly marked· (7) Ciliated non receptor cells (CN)
and microvillous cells (MVC) are notable in Schizothoraichthys progastus· (8-9) Ciliated
non receptor cells (CN), microvillous cells (MVC) and receptor cells (CR, arrows) in
Schizothoraichthys progastus. (10) Olfactory rosette in Crossocheilus latius latius, olfactory
lamellae (L) are not so remarkable. (11) Microvillous cells (MVC), mucous cells (black
arrow), rod cells (while arrows) and ciliated non receptor cells (CN) in C. latius latius.

