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Abstract.
The olfactory epithelium of two closely related species of snowtrout—
Schizothoraichthys progastus McClelland and Schizothorax richardsonii Gray (Subfamily:
Schizothoracinae. family-Cyprinidae, Teleostei), from a perennial glacier-fed river Mandakini
of Garhwal hills was studied by employing transmission electron microscopic method The
olfactory lamella comprises two epithelia—anterior and posterior, with a stroma sandwiched
in between. Both are strartified. The anterior one is thicker than posterior. In Schizothoraichithys
progastus, the sensory part of epithelium has two types of receptor cells—ciliated receptor
cells and rod cells whilst in Schizothorax richardsonii, there arc three types of receptor
cells—ciliated receptor cells, microvillous receptor cells and rod cells in addition to
sustentacular cells, basal cells and mucous cells. While inhabiting similar hillstream habitat,
the differential ecological niches, feeding habits etc., account for the presence of different
receptor cell types in these species, It implies the possible diversification at cellular and
physiological levels so as to minimize the competition by using varied olfactory cues.
Keywords. Snowtrout; coldwater billstream; receptor cells; cilia; microvilli; rods.

1. Introduction
Olfaction happens to be indispensable in arousing the behavioural activities in fishes
and is involved in the selection of food and mate, reproductive strategies,
discrimination of individuals of same or different species, escape from enemies,
recognition of breeding sites, parental behaviour, orientation of individuals and
population and in many other ways (Hara 1971). Such behavioural pattern is a
manifestation of diverse processes at cellular and physiological levels and account
for distinctness among sensory cells of the olfactory organs. Like other vertebrates,
olfactory mucosa of fish remains in the direct contact with the surrounding medium.
An effective mechanism of maintaining a constant water flow over olfactory epithelium
exists. It brings fresh samples of water to be monitored by olfactory cells.
The nature and structure of olfactory cells in a number of fish representatives
of diverse groups have widely been described, viz., in embryo of Cnesterodon and
Fitzroya (Trujillo-Cenoz 1961), Phoxinus phoxinus (Bannister 1965), Anguilla anguilla
*Corresponding author.
Abbreviations used: CRC, Ciliated receptor cells, RC, rod cells: OK, olfactory knob; MRC, microvillous
receptor cells; SC, sustentacular cells; r, rod; cl, cilia; fl, filaments; m, mitochondria; N, nucleus.
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(Schulte 1972), Carassius auratus (Ichikawa and Ueda 1977), Salmo gairdneri
(Rowley and Moran 1985; Zielinski and Hara 1988). Accordingly, Hara (1971) and
Yamamota (1982) reviewed and identified various types of olfactory sensory-receptor
cells which were also observed to possess a particular type of specificity for
different chemical cues. Such a cellular specificity, among other factors, contributes
to the uniqueness of a fish species or a group to occupy a particular habitat and
to manifest a specific array of behavioural activities.
For the success of fish species inhabiting the remarkable hillstream habitat,
chemoreception must have contributed significantly during the course of long
evolutionary process. The study of chemoreception in hillstream fishes should yield
information of vital importance to fish for monitoring the water quality and
population. However, such information are entirely lacking. Therefore, chemoreception
in hillstream teleosts needs to be studied from two points of views—first, nature
of chemical cues in the habitat (stimuli) and second, behavioural response(s) elicited
by such stimuli. Hence, in continuation of earlier work (Singh 1994), an attempt
has been made to study the fine structure of olfactory epithelia of two closely
related species of snow trout—Schizothoraichthys progastus McClelland (column
dweller and feeder, carniomnivorous) and Schizothorax richardsonii Gray (column
dweller and bottom feeder, herbivorous), i.e., occupying the similar habitat but
possessing remarkably distinct feeding preferences, with a purpose of identifying
cellular diversity, if any. These species are selected in view of their dominance,
ecological features and ongoing transformation in the riverine ecosystem. Such a
knowledge will form the basis of further studies.
2.

Materials and methods

Live specimens of Schizothoraichthys progastus and Schizothorax richardsonii
(subfamily-Schizothoracinae, family-Cyprinidae) (25–30 cm long) were procured from
glacier-fed upland river Mandakini at Agustmuni (760 m above mean sea level,
District Chamoli, UP). The specimens were brought to the laboratory and acclimatized
for three days. Their olfactory chambers were washed with cotton soaked fixative,
the rosettes were dissected out carefully with repeated application of fixative and
fixed in 2.5% gluterldehyde (in 0·1 Μ phosphate buffer, pH 7·5) at 4°C for 24 h.
After thorough rinsing in 0·1 Μ phosphate buffer, a second fixation was made with
1% osmium tetroxide (in 0.1 Μ phosphate buffer) at 4°C for 2 h. These were again
thoroughly washed in phosphate buffer, the samples were dehydrated in graded
series of acetone (at 4°C), cleared in toluidene (at room temperature) and pieces
of olfactory lamella were embedded in epoxy resin (Epon 812) (Luft 1961).
Transverse semithin sections were cut using ultramicrotome (Model-LKB), stained
with 0·1 % toluidene blue (in 1% sodium borate) and used for light microscopic
observations. Ultrathin sections of olfactory lamellae stained with uranyl acetate
and lead citrate (Karnovsky 1961; Stempak and Ward 1964) were examined by
transmission electron microscope (JEOL 840) and photographed at 15 KV.
3. Results
3.1 Light microscopy
Olfactory-lamellae comprise two olfactory epithelia enclosing a, fluid-filled stroma.
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The stroma has the network of blood capillaries (arrows in figure 2a), nerve fibres
which run from the olfactory epithelium to olfactory bulb. The olfactory epithelia
have unequal thickness, the anterior (A) being thicker than posterior one (B) (figures
1a, 2a). Both the epithelia are stratified. One particular cell type constitutes a
particular strata. In Schizothoraichthys progastus, besides other cells, rod cells
(stars), the mucous cells along with their neck and opening on the surface, are
clearly noticed (arrows in figure 1a) while basal cells (white triangles) occupy the
distal parts of olfactory epithelium. Epithelial stratification is also evident in
Schizothorax richardsonii (figure 2a), however, specific cell types are difficult to
be distinguished while examining the sections light microscopically. Both the
epithelia are relatively thicker in Schizothorax richardsonii as compared to
corresponding epithelia in Schizothoraichthys progastus (table 1). In the given
species, the anterior epithelium is significantly thicker than its posterior counterpart
(P < 0·05).
3.2 Transmission electron microscopy
3.2a Schizothoraichthys progastus: On the basis of dendritic ends of receptor cells,
two types of receptor cells—ciliated receptor cells (CRC) and rod cells (RC) are
observed in the olfactory epithelium (figure 1b).
The CRC may be identified because of its olfactory knob (OK) and few cilia
arising from the base of OK. It is elongated running from surface to deeper parts
of epithelium and has a width of 1·5–2·5µm at subjacent to free surface. The OK
(length 2·0–2·5 µm. width 0·5–1·0 µm) has fewer microtubules as compared to

Figure 1a. For caption see p. 392.
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Figure 1b,c. For caption, see p. 392.
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Figure 2a. For caption, see p 392.

subsurface region. The existence of cilia may be judged by the sections of basal
bodies situated al the base of OK. The cytoplasm has microtubules running, parallely
and the nuclei occupy almost same level as that of RC.
The RC are triangular cells with gradual tapering from subjacent surface to
deeper parts of epithelium. It may be identified because of elongated rod emerging
out from dendritic end in the free space. The rod is roughly conical in shape,
7·0–8·0 µm long and has a width from 4·5–5·5 µm (at the base) to 2·0–2·5 µm (at
the middle). It has a number of large microtubules or filaments (fl) which run
parallely along the length of rod. At the base of rod. the subsurface cytoplasm
possesses basal bodies which are the points of origin of individual microtubules
(figure 1b). It implies that the number of microtubules and basal bodies corresponds
each other. On examining the obliques (forked arrows in figure 1c) and cross
sections of microtubules, it seems that nine peripherally running tubules enclose
two centrally run tubules, thus exhibiting a 9 + 2 arrangement similar to that of
cilia and flagella. The oblique sections of eleven tubules are quite discernible in
figure 1c. The cytoplasm subjacent to free surface has basal bodies, small vesicles,
mitochondria (black arrows, their number being more at subjacent cytoplasm and
decrease gradually). The nucleus is situated at the same level as that of ciliated
receptor cells.
The RC may also be observed and identified even by light microscopy (figure
1a, stars).
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Figure 2b,c. For caption, See p. 392
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Table 1 . Structural attributes of olfactory lamella in two snowtrout species.

*P < 0·05

3.2b Schizothorax richardsonii: In the stratified olfactory epithelium, three types
of receptor cells—microvillus receptor cells (MRC, figure 2b,d) CRC (Figure 2d)
and RC (figure 2b.c.e) may be identified on the basis of structure of dendritic, end.
The sustentacular cells (SC) separate the receptor cells and are full of vesicular
cytoplasm at least near free surface. These are broader near the subjacent to free
surface and taper gradually in the deeper layers of epithelium. The SC and various
receptor cells have different cytoplasmic characteristics, as revealed in figure 2b–e.
The MRC has a number of microvilli on the epithelial surface. At the base of
(possibly each) microvilli, a number of basal bodies (white triangles) arranged in
2–3 rows can be noticed indicating presence of microtubules. MRC is approximately
3.0–5.0 µm broad near the subjacent to free surface and remains the same up to
about 4.0–6.0 µm depth and tapers gradually. The cytoplasm subjacent to free
surface seems to be packed with mitochondria (arrows in figure 2d).
The CRC (figure 2d), are observed because of cilia emerging in the space and
corresponding basal bodies (white triangles) arranged in 2–3 rows. In the section
of CRC (figure 2d), seven–eight cilia are noticeable. The outer surface is not as
wide as that of MRC. The outer surface being 4.0–5.0 µm wide and after gradual
widening (up to about 8.0–11.0 µm) tapers in the depth of epithelium.
The RC (figure 2b,c,e) differ from the corresponding cells of Schizothoraichthys
progastus because of presence of rod as well as cilia arising from the base of rod.
The rod has conical shape and possesses numerous microtubules. There are 3–4
rows of basal bodies in the cytoplasm subjacent to free surface corresponding to
cilia and microtubules (white triangles). The cytoplasm, subjacent to surface, is
fully packed with mitochondria; the mitochondrial number decreases a little away
from the surface.

Figures 1 and 2 . 1a,c, Schizothoraichthys progastus;2a,c, Schizuthortax richardsonii; 1a,2a, epoxy resin,
semithin toluidene blue stained sections for light microscopy; 1b,c and 2-be, TEM preparations.
(1a) Olfactory epithelium (anterior. A), cells arranged in many layers, RC (stars), mucous cells (black
arrows) and basal cells (while triangles)-are clearly observed. St. stroma. ( 1b) RC and CRC. Obliquely
sectioned microtubules in rod (r), basal bodies (triangles), mitochondria (thin arrows), nuclei (N) and
vesicles of RC as well as OK along with ciliary basal granules (thick arrows) of CRC are clearly seen,
(1c) Rod (r) of RC stowing parallely sectioned microtubules (f1). Note possible 9 + 2 arrangement of
tubules in the obliquely sectioned microtubules· (forked arrows).
(2a) Anterior (A) and posterior (B) olfactory epithelia with stroma (St) with the sections of blood
capillaries and .fibres. (2b–c) SC, RC and MRC, arrows indicate microvilli. (2d) CRC with cilia and
MRC with microvilli (arrows) and cilia (cl). (2e) RC, note few cilia arising from the base of rod (r).
(Subjacent cytoplasm of receptor cells and SC is clearly distinguishable in 2b–e) .
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4. Discussion
There are physiological and behavioural evidences of olfactory acuity in a number
of fish species (Zielinski and Hara 1988). According to Yamamoto and Ueda (1978)
and Zielinski and Hara (1988), a knowledge of cellular morphology is certainly
relevant to know the structure of sensory components as well as to an understanding
of its functions yet the cellular elements of olfactory epithelium of any of the
hillstream teleosts from Garhwal hills is unknown. The olfactory receptor cells have
been described as bipolar neurons with dendrite, soma and initial axon being within
the olfactory epithelium and extending further to olfactory bulb. Morphologically,
the olfactory receptor cells continue to be identified on the basis of distal dendritic
surface (Bannister 1965; Ichikawa and Ueda 1977; Yamamoto 1982).
Similar to other teleost species (Yamamoto 1982), in the present study also, the
olfactory lamella of Schizothoraichthys progastus and Schizothorax richardsonii
comprises two layers of olfactory epithelium sandwiching a stroma. Both the
epithelia are of unequal thickness—the anterior being thicker than posterior. The
reasons for unequal thickness may be the fact that anterior epithelia perhaps faces
the flow of incoming water current and hence possesses more cellular layers as
well as rich population of receptor cells as compared to epithelium of opposite
side (posterior).
According to Holl (1965), Schulte (1972), Schulte and Riehl (1978), Zeiske et al
(1976a,b), Yamamoto and Ueda (1977) and Zielinski and Hara (1988) the cell
layers of the olfactory epithelium, from distal to proximal, are identified based on
the position of their perspective nuclei, i.e., the nuclei of ciliated non-receptor cells,
SC, receptor cells and finally basal cells. Different categories of receptor cells have
been observed in the sensory olfactory epithelium. On the basis of dendritic
termination, Bannister (1965), Breipohl et al (1973), Hara (1975), Zeiske et al
(1976a,b), Ichikawa and Ueda (1977), Yamamoto and Ueda (1978), Breucker et al
(1979), Cancalon (1982), Yamamoto (1982) have reported three distinct classes of
receptor cells—CRC, MRC and RC. In the present study, the CRC correspond to
type I cell of Ichikawa and Ueda (1977), Yamamoto and Ueda (1978) and type I
ciliar cell of Muller and Marc (1984) whereas MRC to those of type II cells of
Ichikawa and Ueda (1977) and of Muller and Marc (1984) of similar denomination
and RC to those of type IV cells of Ichikawa and Ueda (1977).
As evident from the present study, these categories of receptor cells, in fact,
exist in the sensory olfactory epithelium of Schizothoraichthys progastus and
Schizothorax richardsonii. However, the presence of few ciliary processes emerging
from the MRC and near the base of RC with the corresponding basal bodies in
the distal cytoplasm, subjacent to free surface, makes such an identification quite
disputable proposition. Based on the works of Breucker et al (1979) and Zielinski
and Hara (1992), such complexities represent the intermediate stages during the
gradual transformation of one type of receptor cell into another. However, it requires
further experimental confirmation. Therefore, intermediate stages, i.e., receptor cells
bearing rod-cilia and microvilli-cilia also exist and may be observed (figure 2b–e).
Such a cellular transformation, at least in Schizothorax richardsonii becomes quite
probable when we say that it is a column dweller (inhabiting calmer water columns
of the river during day hours) and bottom feeder, (scraping the surface of bottom
substrate near the banks during night hours) (wider changes of habitat) whereas
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Schizothoraichthys progastus is described as column dweller and column feeder
(minimal change of habitat). The change of habitat may lead to enhanced turnover
of such receptor cell transformation. Such a scenario is in accordance with the
interpretation given by Bakhtin (1976) but disputes the observation of Zielinski
and Hara (1988) on the embryos of Salmo gairdneri which seldom change their
habitat. There are physiological evidences of olfactory cells, in S. gairdneri (Hara
1976; Hara et al 1973), Salvenius alpinius (Jones and Hara 1985; Zielinski and
Hara 1988), being specifically responsive to chemical cues. It becomes quite evident
when Schizothorax richardsonii is viewed by its quick habitat changes while dwelling
and feeding at different sites. Though such studies are entirely lacking in the
hillstream teleosts (inhabiting least polluted form of freshwater where over all
chemical quality of swiftly flowing water depends on the rocks and riparian
vegetation).
In Schizothoraichthys progastus, the principal receptor cells are RC and CRC
whilst in Schizothorax richardsonii, these are MRC, CRC and RC. Such a
heterogeneity of olfactory receptor cells has been described in numerous fishes
(Bannister 1965; Bakhtin 1976; Ichikawa and Ueda 1977; Yamamoto 1982; Zielinski
and Hara 1988). Rowley and Moran (1985) observed that olfactory receptor cells
bear axons at proximal ends leading to olfactory bulb.
The usual 9 + 2 axial pattern of tubular arrangement similar to that of present
study has been described for certain catfishes (Vinnikov 1969), Anguilla anguilla,
Serrasalmus nattereri (Schulte 1972, 1978), Ophiocephalus obscurus (Schulte and
Riehl 1977), species of Salmoniformes, Cypriniformes (Yamamoto and Ueda 1977,
1978). It is interesting to note that few cilia also arise from near the base of rod
in Schizothorax richardsonii, however, it is not the case with Schizothoraichthys
progastus.
The role of RC as an olfactory receptor cell is still disputed. The olfactory
epithelial cells with rod shaped processes have been described as putative receptors
(Bannister 1965; Breipohl et al 1973; Schulte 1978; Yamamoto and Ueda 1977,
1978; Yamamoto 1982) while considered by others to be of non receptor nature
(Ichikawa and Ueda 1977; Muller and Marc 1984). The rod shaped structures were
found to appear by fusion of kinocilia, macrocilia, apically fused or compound
cilia and olfactory lashes or hair (Wilson and Westerman 1967; Kleerkoper 1969;
Schulte 1972; Hara 1975; Ichikawa and Ueda 1977; Breucker et al 1979). In their
work on gold fish and catfish, Muller and Marc (1984) explained their definitive
existence and ultrastructural integrity but opined against their receptive nature. On
the basis of experimental work and developmental studies, Breucker et al (1979).
Muller and Marc (1984), Zielinski and Hara (1988, 1992) and Moran et al (1992)
established that rod shaped processes of these cells represent the fusion of dendritic
apical processes olfactory receptor cells and indicate an early stage of receptor cell
senescence and not merely as a fixation artefacts.
Therefore, from the foregoing description of ultrastructure of olfactory epithelium,
it may be presumed that these closely related species of snowtrout—Schizothoraichthys
progastus and Schizothorax richardsonii—though inhabiting the same hillstream(s),
have distinctness in the structural components of olfactory epithelium. It further
leads to local and species diversification at cellular level in accordance with the
ecological and evolutionary principles. Based on the scanning electron microscopic
surface structure of olfactory epithelia of few hillstream fishes —Barilius bendelisis,
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Puntius chillinoides, Schizothorax richardsonii, Noemacheilus montanus (Singh and
Singh 1986), Crossocheilus latius latius, Schizothorax plagiostomus and two species
under consideration (Singh 1994)—on the basis of the information available from
their preferred habitat, feeding grounds, feeding habits etc., Singh (1994) concluded
that such a diversification may be traced in the varied behavioural strategies (like
type of food, feeding time, predominance of olfactory/visual cues, etc.) adopted by
these species in order to minimize the competition. Furthermore, since Schizothorax
richardsonii possesses a wider variety of receptor cell types and able to mobilize
many kinds of chemical cues for food and habitat selection (as well as other
functions also), it occupies dominant status (along with Schizothorax plagiostomus)
in the fish community residing the river Mandakini and similar other hillstreams
of the region.
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