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Abstract

External morphology of teleost brain is organized in such a way that it reflects the correlation between sensory adaptation and principal modes
of activity very clearly. Channa gachua, Garra annandelei and Heteropneustes fossilis are among the 168 fresh water fishes recorded in Nepal.
While examining the gut contents of these fishes, it was found that C. gachua fed primarily on insects, G. annandelei fed mainly on filamentous
algae whereas H. fossilis fed both on plants and animals. Their brain morphology revealed that olfaction in C. gachua was stronger than in G.
annandelei and H. fossilis. Similarly, optic sense was also more powerful in C. gachua than in G. annandelei and in H. fossilis. On the contrary,
cerebellum of H. fossilis was more developed than that of G. annandelei and C. gachua. These morphological differences of brain could be
undoubtedly correlated with the carnivorous, herbivorous and omnivorous feeding behaviour of C. gachua, G. annandelei and H. fossilis
respectively. Moreover, in all three fishes, around 20% of the total gut content was made of mud and sand, and they all had inferior mouths,

indicating that they were bottom feeders.
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Introduction

Many studies have indicated that by examining external
morphology, it is possible to infer the feeding behaviour of
a teleost fish. Channa gachua (Hamilton), Garra
annandelei Hora and Heteropneustes fossilis Bloch are
among the 168 fresh water fishes recorded in Nepal (Froese
& Pauly, 2015). All three of them were reported from
Bagmati and Bishnumati rivers of Kathmandu valley, and
were available in the local markets (Shrestha, 1989).
Availability of the food is one of the major aspects of the
biotic factors controlling the distribution and abundance of
fish species. C. gachua, locally known as Hile inhabits the
swampy banks of river and is present in most wetlands of
Nepal (Chaudhry, 2010), G. annandelei, locally known as
Buduna inhabits swift and clear mountain streams with rock
and boulders, while H. fossilis, locally known as Singhe is
primarily a fish of ponds, ditches, swamps and marshes
(Rayamajhi & Jha, 2010). Although all three species of
these teleosts are bottom dwellers inhabiting almost similar
aqueous environments, C. gachua is carnivorous, G.
annandelei is herbivorous and H. fossilis is omnivorous.
The strong relationships between the development of
sensory brain areas and feeding strategies of fishes have
been shown by different workers (Khanna & Singh, 1966,

Davis & Miller, 1967; Huber et al., 1997; Shreekala et al.,
2011; Atta, 2013). Influence of ecological factors in brain
morphology has been investigated in New Zealand fish,
Galaxias vulgaris (Cadwallader, 1975). Environmental
effects on the shape and size of fish brains and their
components, and their evolutionary significance have
extensively been studied (Kotrschal et al., 1998). Similarly,
ecological parameters which influence the size of brain and
its anatomical parts have been studied (Sherly, 2012). The
present study is an attempt to find the correlation between
the brain morphology of three species of fishes with their
food and feeding habits.

Materials and Methods

Monthly samples of live specimens of all three species,
caught by fishing in Bagmati and Bishnumati rivers in
Kathmandu valley, were brought to the laboratory. They
were fixed in 10% formalin within two hours of arrival.
Each fish was weighed in a digital balance and was
dissected. The cranial cavity of head of each sample was
dissected to expose the brain. The brain morphology was
studied under the binocular stereoscopic microscope in a
magnification of 10X and each sample was illustrated (Fig.
1) showing the external morphology of different parts of the
brain. The structure of each component of brain was
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analyzed to establish its relationship with the feeding habits
of the three species. The guts were taken out and weighed.
The contents of the alimentary canal were also weighed and
were analyzed with the help of binocular stereoscopic
microscope in a magnification of 10X. The gut contents
were categorized into animal food, plant food, detritus, sand
and mud. Weight of each component was taken separately
and the average percentage was calculated of each
component every month. The monthly average was used to
calculate the yearly average of each dietary item for the
three species. The animals and plants ingested by the fishes
were separated and identified.

Results and Discussion

Brain Morphology
The brain morphology of C. gachua, G. annandelei and H.

fossilis showed the general teleostean pattern, i.e. all three
species had the regular components, viz. prosencephalon,
mesencephalon, metencephalon and myelencephalon,
although considerable variations were obvious in all three
(Fig.1). In C. gachua, olfactory lobes were well developed,

b d

whereas in both G. annandelei and H. fossilis, these lobes
were modified into long olfactory tracts having olfactory
bulbs at their anterior ends. The olfactory tracts in H. fossilis
were longer than those of G. annandelei. The cerebral
hemisphere, however, was almost similar in all three
species, except for a small marked depression on the dorsal
anterior side in G. annandelei. In C. gachua, the optic lobes
were highly developed, while in G. annandelei it was fairly
developed, but in H. fossilis it was least developed. In all
three species, optic nerves crossed each other without
forming the chiasma. The metencephalon or the cerebellum
of H. fossilis was larger and well developed as compared to
the moderately developed one of G. annandelei and pair-
shaped smaller one of C. gachua. The metencephalon in all
three species showed distinct facial and vagal lobes of the
medulla oblongata. In C. gachua, both the facial and vagal
lobes were found in pairs but the latter were situated just in
front of the facial lobes. Well-developed pairs of both facial
and vagal lobes were observed in H. fossilis as well. In G.
annandelei, there was only one facial lobe along the mid
dorsal line of two vagal lobes (Fig 1).

f

Fig. 1. Brain morphology; a-b: Channa gachua, c-d: Garra annandelei, e-f:
Heteropneustes fossilis. Scale bar = 1cm. CER = Cerebellum, CH = Cerebral
Hemisphere, FL = Facial lobe, IN = Inferior lobe, MO = Medulla oblongata,
OL = Optic lobe, OLB = Olfactory lobe, OLN = Olfactory nerve, OLT =
Olfactory tract, ON = Optic nerve, VL = Vagal lobe, PT = Pituitary gland.

The well-developed olfactory organs of all three species
could be correlated with the fact that all three species

selected their food by sense of smell. Khanna and Singh
(1966) presumed that the sense of smell played an important
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role in search of food. Kotrchal et al. (1998) suggested that
for the bottom dwellers with specialized perceptive skills,
olfaction was more important than the optic senses.
Sreekala et al. (2011) observed that not only did the bottom
feeders possess downwardly directed mouth they also
possessed strong olfactory sense. Atta (2013) also
concluded that the bottom feeders depended entirely on the
olfaction. The well-developed optic lobes of C. gachua
could be correlated with its carnivorous feeding habit,
because it had to use its sense of sight to catch insects. On
the other hand, the less developed optic lobes of omnivorous
H. fossilis could be correlated with the fact that it also
possessed barbells to catch insects. The least developed
optic lobes of G. annandelei could be associated with their
herbivorous feeding habit. Davis and Miller (1967)
observed that fish inhabiting turbid waters have reduced
optic lobes because they did not have to locate their food by
sight. Since H. fossilis was an active feeder, the cerebellum
was well developed, while it was less developed in C.
gachua and least developed G. annandelei, which was the
most sluggish feeder among the three species. Cadwallader
(1975) observed ecologically related variation in brain
morphology within different species of Galaxias, and found
relative increase in size of cerebellum with a move from
quiet waters to flowing waters. According to Huber et al.
(1997), feeding strategy and utilization of particular
microhabitats were correlated with differences in the size of
component brain structures related to particular sensory
channels. Kotrchal et al. (1998) concluded that relationships
between brains and lifestyles are more obvious in fishes
with cognitive brains. On a comparative study between
surface dweller and bottom dweller species, Sherly (2012)
concluded that the bottom dwellers possessed larger brain
with well-developed cerebellum, and mostly they had
inferior mouths. Ito et al. (2007) found molecular evidence
to associate the brain development of modern teleosts with
the evolutionary radiation to be able to adapt to more
diverse ecological niches. Present study also establishes that
habitats and the feeding behaviour have shaped the brains
of three modern teleosts of Nepal, viz. C. gachua, G.
annandelei and H. fossilis.
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