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Abstract:

The olfactory organ, as a primary chemoreceptor in fish, plays a crucial role in locating
food, finding mates, avoiding predators, and help in reproduction. This organ helps fish detect
chemical signal in the water, guiding essential behaviorfor survival and reproduction. The
histoarchitecture of the olfactory organ in teleost is a fascinating subject that underscores the
importance of olfaction in aquatic environments. In addition to giving knowledge about fish
behaviour and ecology, an understanding of these structures demonstrates the evolutionary
adaptations that enable teleosts to flourish in a variety of environments.
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Introduction:

The olfactory system in fish is a remarkable sensory organ as it fundamentally serves as a
chemoreceptor for gathering information about the surrounding aquatic ecosystem. In most teleost,
behavioural patterns such as foraging, alarm response, predator evasion, social interaction,
reproductive activity, and homing-migration rely on this sense. (Gayasoet al., 2012).

Nowadays, teleosts are the most significant fish. There are at least 20,000 extant species that
emerged during the Mesozoic epoch. Fossils of teleosts are thought to have existed in the late
million years. They descended from clade Holostei bowfins, which resembled fish. Throughout the
Mesozoic and Cainozoic periods, they experienced diversification. 96 percent of fish species are
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teleosts. According to evolutionary order, jawed fish (Gnathostomata), bony fish (Osteichthyes),
and ray-finned fish (Actinopterygii) are vertebrates. They must have advantages over earlier fish to
explain their success. Compared to early bony fishes, teleost is generally faster and more supple.
Their skeleton has changed to become lighter throughout time. Because teleost bones are made of
structural scaffolding, they are powerful without gaining weight. The jaw muscles are different in
teleost, and their jaws may move (Tetsuto, 2024).They can now project their jaws outside of their
mouths because to these modifications. This adaption enhances their capacity to seize swiftly
moving prey. The sense organs of teleosts are quite advanced. The colour vision of almost all
daylight fish is at least as good as that of an average human. Acute sensations of taste and smell are
also attributed to chemoreceptors, are present in many fish (Holzman, 2008).

The fish olfactory organ is essentially a chemoreceptor and is vital for both locating food
and identifying the presence of odoriferous compounds in the aquatic ecology, research on this
organ is extremely important. The two main chemosensory mechanisms in fish that allow the
creature to survive in an aquatic environment are gustation and smell. Olfaction plays a key role in
mediating chemical signals and influences a variety of teleost behaviours (Hara and Zielinski,
1989). Chemicals dissolved in the water enter the olfactory chamber of fish through the nostrils and
penetrate the olfactory cells on the surface of the lamellae (Fishelson, 1995). The olfactory nerve
innervates the olfactory organ, which produces olfactory sensation by stimulation of its sensory
receptor cells. As a result, the olfactory organ is a fish organ the receptor neurons are directly
exposed to an aquatic ecosystem and are therefore susceptible to toxins found in the water. Fish
have a distinctly localized, highly developed olfactory system that is coated with the epithelium that
is extremely important to biology and is essential for inducing behaviour (Hara, 1971).Fish depend
heavily on their sense of smell for a variety of activities in their lives, such as feeding, sex and
species recognition, predator avoidance, sexual behaviour and migration (Kleerekoper, 1967).

The olfactory organ in teleost fish is a vital structure for detecting and processing chemical
signals in aquatic environments. Unlike terrestrial animals, fish rely heavily on their olfactory
senses to navigate, find food, avoid predators, and communicate with conspecifics. The olfactory
system is highly specialized, allowing fish to detect waterborne odorants such as amino acids, bile
salts, and pheromones, which are key to a range of behaviours including foraging, mating, and
territoriality (Doving, 2007).

Clarias gariepinus, commonly known as the African sharp tooth catfish, is a resilient and
widely distributed freshwater fish found primarily in African and some Asian waters. This species is
noted for its adaptability to various environments, including rivers, lakes, swamps, and hypoxic
(low-oxygen) conditions, supported by its auxiliary breathing organ that allows it to respire air. Its
significance extends to both ecological and economic domains due to its role in aquaculture and its
function in regulating pest populations in aquatic ecosystems. Morphologically, Clarias gariepinus
is characterized by an elongated, scaleless body and advanced sensory systems, particularly its
olfactory organ, which is essential for detecting chemical cues crucial for feeding, mating, and
orientation (Doving, 2007; Zeiskeet al., 1992).
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Review of Literature:

The composition of the olfactory organ varies by species in terms of location, quantity, and
detailed structure (Yamamoto, 1982). Typically, this organ features a rosette-like formation with
one to several lamellae developed on the floor of the olfactory cavity (Hara, 1975). The olfactory
epithelium contains three primary types of cells: olfactory sensory neurons (OSNs), which detect
odorants; supporting cells, which provide structural and metabolic support; and basal cells, which
function as stem cells for epithelial regeneration. The arrangement and types of these cells, as well
as their ultrastructural features, vary across species, indicating that different teleost’s have evolved
unique olfactory adaptations to suit their environmental needs (Zeiskeet al., 1979; Kim and Park,
2021).

Studies have shown significant diversity in the number, shape and arrangement of olfactory
lamellae and variations in sensory epithelium and non-sensory epithelium distributes and receptor
cells across the different species in teleost. The olfactory system folding epithelium enhances
surface area, sensitivity and effectiveness of the olfactory organ (Zeiskeet al. 1976). The Sensor
system in teleost is categorized into mechano- and chemo-reception based on differences in their
innervation pathways, signalling transduction cascades, and the type of olfactory organ, which is
critical for fish impacted by olfaction, swimming behaviour, water volume, substrate composition,
and water clarity in their habitats (Ferrando et al., 2017). Occasionally, the olfactory organ has been
considered a prototype for morphological adaptations corresponding to fish lifestyles (Kim et al.,
2016).

The olfactory epithelium is a representation of the olfactory receptor organ, is located on the
floor of the nasal chamber. Numerous studies have been conducted on its morphology and
histology.(Zeiskeet al. 1987; Hara and Zielinski 1989; Hara et al. 1993). The olfactory epithelium is
divided into sensory and non-sensory regions, with the sensory epithelium showing diverse
distribution patterns, including continuous, regularly separated, irregularly interspaced, and
scattered in islets (Hara et al. 1993.) The brain controls the endocrine and nervous systems,
regulating functions like reproduction. It influences the pituitary gland through the hypothalamus,
which processes visual and smell stimuli to release hormones. In fish and other vertebrates, the
olfactory system relays smell signals, with the olfactory bulb receiving them first (Farbmanet al.,
1994).

Teleost frequently have two types of Olfactory Receptor Cells (ORC) with either cilia or
microvilli on their apical surface were observe as well as third type of ORC also found known as
crypt ORC which have been described by the variety of fishes and considered as same feature in the
bony fish by (Thommesen 1983, Farbman 2000, Hansen and Finger 2000). Fish detect smells
through receptor cells in the olfactory epithelium, which are surrounded by nerve fibers. The
olfactory system plays a key role in communication, migration, feeding, defense, and reproduction,
with its structure changing during puberty (Hansen et al., 2000).
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SEM was used to analyze the olfactory rosette in Heteropneustesfossilis (Bloch), and the
results showed an oval structure with several lamellae aligned along a median raphe. Each olfactory
lamella’'s lateral side was divided into sensory and non-sensory epithelium based on cellular
properties and distribution. The ciliated non-sensory epithelium is heavily coated with cilia, which
mask the presence of other cell types, whereas the sensory epithelium is made up of receptor and
supporting cells. (Datta et al., 1998).

Furthermore, histological studies have shown that olfactory organs in some teleost’s
undergo significant developmental changes over the course of their lives. For example, in species
like the spotted snakehead (Channa punctatus), the olfactory epithelium exhibits notable changes in
its structural organization as the fish matures, reflecting shifts in the fish’s environmental
interactions and sensory needs (Mandal et al., 2005).The exact anatomy of the olfactory organs in
teleost fish has been thoroughly shown by advanced microscopic techniques as light microscopy,
transmission electron microscopy (TEM), and scanning electron microscopy (SEM).In a study on
the olfactory epithelium of the Korean eel goby (Odontamblyopuslacepedii), electron microscopy
revealed distinct microvilli and cilia on the surface of the OSNs, which play crucial roles in
capturing and transducing chemical signals (Kim et al., 2018).

An anatomical and histological study of the olfactory organ in the freshwater fish
Heteroneuptusfossilis revealed that the paired olfactory chambers are located antero-dorsally on the
snout, with an anterior tubular and a simple oval posterior nasal opening. The olfactory lamellae
contain supporting cells, primary and secondary olfactory receptor neurons, basal cells, and goblet
cells. Synapses form between primary and secondary neurons, and basal cells can develop into
olfactory receptor or supporting cells, while goblet cells are mostly located at the edge of the
epithelium (Goel et al., 1978).

The scientist observed that histology of the olfactory epithelium and bulb in
Heteropneustesfossilis and Channa punctata. He seen that C. punctata, the olfactory rosette lacks a
central raphe, and Heteropneustes. fossilis has one. Both species exhibit similar olfactory bulb
structures, with distinct sensory regions and olfactory lamellae patterns, though C. punctata has a
sessile bulb and H. fossilis a pedunculated bulb (Chakrabarty, 2006). The common carp (Cyprinus
carpio) fifty species were studied to examine their olfactory organs, lateral line canal, and
neuromasts. The olfactory organ is oval-shaped, containing 28 lamellae, while the lateral line
consists of six cephalic canals and a trunk canal with 35 scales extending to the caudal peduncle.
Neuromasts are of two types: external neuromasts around the eyes and jaws, and pit organs, both
featuring sensory and supporting cells by (Sawad,2006).This study examines the histology of the
olfactory epithelium and bulb in Channa punctata and Heteropneustesfossilis. In C. punctata, the
olfactory rosette lacks a central raphe, whileHeteropneustesfossilis has one. Both species exhibit
similar olfactory bulb structures, with distinct sensory regions and olfactory lamellae patterns,
though C. punctata has a sessile bulb and Heteropneustesfossilis a pedunculated bulb (Prakash et
al., 2018).
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In India, Catlacatla, Cirrhinusmrigala, and Labeorohita are important food fish, with
reproduction influenced by seasons. This study used SEM and TEM to examine the olfactory organ
of maleLabeorohita, revealing its structure and cell types. It provides the first detailed analysis of its
olfactory system, opening research into sensory processing and reproduction (Bhute, 2007).

The olfactory sense is crucial in the lives of vertebrate species. In fish, amphibians, reptiles,
and the majority of mammals, essential behavioural responses, particularly those linked to feeding
and mating, heavily rely on the proper operation of the olfactory system. (Allison, 1953). Teleost
olfactory receptors have 4-6 cilia arranged in a circular formation at the tips of their dendrites, with
pointed basal feet located at the center of the ring of cilia. In some fish types, another variant of the
receptor is present, lacking cilia but extending from the epithelial surface with several
longitudinally aligned fibre bundles. (Banniste, 1965). Using a variety of fixation and staining
techniques, the secondary folding of the olfactory organ in juvenile and adult sea trout examined the
growth of the olfactory rosette in parr, smolt, and adult sea trout. Initial, cuneiform, filiform, and
fungiform laminae are the four types of secondary lamina that are formed by folding primary
laminae in the rosette. The folding resulting from ecological adaptations was explored, and this
secondary folding seems to exist between a blood capillary and the sensory epithelium (Bertmar
1972).

Light microscopy and transmission electron microscopy have been used to investigate the
olfactory organ of Channa punctata (Bloch). The olfactory bulb, olfactory nerve, and olfactory
rosette make up C. punctata olfactory system. An anterior inlet and a posterior nostril output
connect the olfactory chamber to the outside world. There are sensitive and non-sensory regions
inside the olfactory epithelium. (Ghodeswaret.al, 2020).

Electron microscopy can be used to observe the olfactory system in Indian big carps. In
India, Catlacatla, Labeorohita, and Cirrhinusmrigala are important nutritional fish. Scanning and
transmission electron microscopy have been used to study the structure of the olfactory organ in
male Labeorohita. This structure originates from the median raphe and consists of an olfactory bulb
with 47-52 lamellae in adults, a short nerve, and olfactory epithelium. The lamellae contained
ciliated non-sensory cells and microvillar sensory cells, as demonstrated by scanning electron
microscopy (Bhute, 2007).

An analysis of the olfactory epithelium's morphology, morphometry, and neuroanatomy in
Notopterusnotopterus revealed a multilamellar structure with 70-76 lamellae extending from a
median raphe. There were sensory and non-sensory areas on each lamella. In contrast to the non-
sensory region, which included ciliated non-sensory cells, basal cells, and mucous cells, the sensory
region included ciliated, microvillous, and crypt receptor cells, supporting cells, and basal cells
(Patleet al.,2014).

An investigation into the morphology and surface ultrastructure of the olfactory rosette in Indian
Major Carp, Labeorohita, was conducted utilizing a Scanning Electron Microscope (SEM). The
olfactory rosettes are oval in shape, positioned at the dorsal aspect of the head, and reside in pairs
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within the olfactory chambers. On the lamellar surface, ciliated patches are primarily made up of
type-1 ciliated cells with long cilia. The non-ciliated or indifferent epithelium features microridged
epithelial cells interspersed with prominent openings of mucous glands (Kumari, 2020).

Histological structures of the olfactory organs (epithelium and bulb) of two freshwater fish
species, Channa punctata (spotted snakehead) and Heteropneustesfossilis (catfish), using light
microscopy. The fishes were collected from natural habitats and acclimatized. Mature fishes of C.
punctata (500-700g) and H. fossilis (100-125g) were used. The olfactory organs were dissected,
fixed in Bouin’s fixative, embedded in paraffin, and cut into transverse sections (8-10 pm thick).
These sections were stained using HE double staining and Nissl staining techniques for histological
examination. C. punctata has a paired, oval-shaped olfactory rosette with sensory and non-sensory
regions (P. Ghodeswaret al., 2018)

Conclusion:

The olfactory organ in fish as a primary chemoreceptor and sensory organs. In olfactory
chemoreceptor is locating main function of the food help in reproduction and etc. The olfactory
organ in fish helps them detect chemical signals in the water, playing a crucial role in behaviour
related to survival and reproduction. By sensing these chemical cues, fish can locate food, avoid
predators, and find mates. This ability is essential for their overall fitness and successful
reproduction.
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