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Abstract

Taste buds are one of the most determinant structures of the general behavior of the fish,
particularly the feeding behavior. By examining the distribution pattern of this sense organ in
the fish body, the behavioral responses of the fish to different physical conditions might be
predicted. In this aspect, the taste bud distribution pattern of the Black Sea anchovy, Engraulis
encrasicholus, was investigated. The gills and the upper and lower jaws were observed and
photographed in a scanning electron microscope. Taste buds of Black Sea anchovy are
distributed only in the epithelium of the oral cavity and pharynx. Taste buds are between the
gill teeth on the gill rakers' edge. Taste buds were also seen close to the teeth on the pharynx.
No taste buds were found on the lips, the oral valve, and the whole-body surface. In conclusion,
the Black Sea anchovy has taste buds only in the mouth and between gill teeth in the gill rakers,
and no external taste buds even on the lips, as a typical characteristic of pelagic plankton
feeders.
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Introduction

The peripheral organ belonging to the gustatory system is the taste buds which appear to be
associated with feeding. Taste buds are distributed not only within the oral cavity, pharynx, and
esophagus but, depending upon the species, also on an external portion of the body, including
lips, barbels, flanks, and caudal fins. (Sorensen & Caprio, 1998; Hansen et al., 2002; Kasumyan
& Doving, 2003). The taste bud distribution and density vary according to fish species and
dwelling location (Kasumyan & Doving, 2003). Most planktivorous fish, such as anchovies,
can be classified into two functional groups: visible particulate and non—visual filter feeders
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(Leong & O’Connell, 1969). Non—visual filter feeders encounter prey and consume them
without bias; they tend to consume smaller and less evasive prey than visual particulate feeders
in the same water mass. Visual filter feeders identify and consume prey particles of choice.
Studies performed in the laboratory on the feeding behavior of E. mordax (Leong & O’Connell,
1969), E. capensis (James & Findlay, 1989), and E. encrasicolus (Plounevez & Champalbert,
2000) have shown two patterns of behavior which were a filter-feeding mechanism on small
prey and a particulate feeding mechanism on larger prey. During the filter feeding, the anchovy
gave five to six tail beats, and their mouths remained open until the last tail beat; then, the
anchovy glided with their mouths closed. In the particulate feeding mechanism, the anchovy
mouth remained closed during tail beats and was opened only during the glide to swallow whole
prey. (Leong & O’Connell, 1969; James & Findlay, 1989). Many studies concerning the feeding
behavior of anchovies have been reported (Holanov & Tash; 1978; Uotani, 1978; Leong &
O’Connell; 1969; Bulgakova,1996; Plounevez & Champalbert, 1999). However, no
information indicates the prominent role and significance of the taste organs in feeding
behavior. The anchovy industry plays a vital role in Turkey's fisheries sector. The Black Sea
region is known for its anchovy production. According to recent statistics, Turkey ranks among
the top global producers of anchovies, with a significant share in the global market. For
instance, in 2020, Turkey's anchovy catch reached around 171,000 tons. This shows the
significant contribution of anchovy fishing to Turkey's overall fishery output (TUIK, 2022).

Thus, this study was conducted to obtain basic knowledge on the distribution of taste buds in
the oral cavity and pharynx, and on the gill of Black Sea anchovy (Engraulis encrasicholus
Linnaeus, 1758) and to describe possible roles and functions of taste buds in their behavior.

Materials and Methods

Specimens of Black Sea anchovy (Engraulis encrasicholus Linnaeus, 1758), 9-12 cm in total
length, were obtained from a local fisherman in Sinop, Tiirkiye, and preserved in formalin
solution. For scanning electron microscopy (SEM) observation, the fish were measured (Lt),
and the gills and the upper and lower jaws from specimens were removed for study. Removed
parts of specimens were fixed in 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for 24
h. These SEM samples were rinsed in 0.1 M phosphate buffer (pH 7.4), postfixed in 2% osmium
tetroxide for one h, dehydrated through a gradient series of ethanol, freeze-dried using t-butanol
and coated with platinum. The gills and the upper and lower jaws were observed and
photographed in a Hitachi S4100 scanning electron microscope. All SEM observations were
executed in the Fishing Technology Laboratory, Faculty of Fisheries, Kagoshima University,
Japan.

Results

Taste buds of Black Sea anchovy are distributed only in the epithelium of the oral cavity and
pharynx (Figure 1), between the teeth of both the upper and the lower jaws, and on the gill
rakers. No taste buds were found on the lips, the oral valve, and the whole-body surface.

The taste buds are sparsely and randomly distributed within the epithelium of the oral cavity
and situated on little epidermal hillocks or papilla. The Black Sea anchovy has conical teeth on
the upper and lower jaws. Scanning electron microscopy showed that taste buds occur between
jaw teeth (Figure 2). The upper lip and the upper and lower wall of the oral cavity have mucous
cells (Figure 3).
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Figure 1. Scanning electron micrographs of the upper part of the oral cavity of Black Sea

anchovy Engraulis encrasicholus. Scale bar = 750 um. RP, palatine ridges with TB papillae;
arrow, ridges with papillae on palatinum.
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Figure 2. The lower jaw of E. encrasicholus. Scale bar = 375 um. LL, Lower lip; arrow,

ridged with taste buds; doubled arrow, conical teeth; asterisk, location of the taste buds of the
oral cavity.
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Figure 3. (a) Upper jaw picture of E. encrasicholus. (b) Scanning electron micrograph of
mucous cell in the upper lip (rectangle area shown in (a), Scale bar = 750 um).

The gills are bilaterally situated on either side of the pharynx and consist of gill arches with
long gill rakers and two rows of gill filaments. The epithelium of the gill arches and rakers has
numerous conical teeth called gill teeth. The gill rakers bear teeth on the edge, upper face, and
lower face. Taste buds are between the gill teeth on the gill rakers' edge (Figure 4). Taste buds
were also seen close to the teeth on the pharynx.

Figure 4. Scanning electron micrograph of the gill rakers. Taste buds are located in the
encircled area between the gill teeth of E. encrasicholus. Scale bar = 500 um.
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Discussion

Taste buds in fishes are common gustatory organs described in many research articles. They
are highly developed and essential for feeding, orientation, and social behavior (Boudriot &
Reutter, 2001). Fish use their taste buds to sample potential food, selecting or rejecting
substances according to their edibility. The distribution and density pattern of taste buds in fish
change according to species (Reutter & Witt, 1993).

The distribution of the taste buds is also significantly correlated with the feeding patterns of
fish species (Khanna, 1968; Kasumyan & Prokopova, 2001). External taste buds are rare or
completely absent in fish that live in surface waters under good illumination and find food
chiefly by vision, and their density is lower in plankton feeders than in bottom feeders
(Kasumyan & Doving, 2003). Visual - planktivorous fish feed by attacking and swallowing
individual prey (particulate feeding), and filter feeders strain numerous small food particles
from the water with their gill rakers (Brooks, 1968). Most fish species, fresh or seawater, have
well-developed taste buds in the gills, but some others do not have taste buds on the gill rakers.
There is a close relationship between the morphologic specialization of the gill rakers and the
feeding mechanism in fish (Iwai, 1964).

The Black Sea anchovy has taste buds only in the mouth and between gill teeth in the gill rakers
and no external taste buds even on the lips, as a typical characteristic of pelagic plankton
feeders. The Black Sea anchovy Engraulis encrasicholus swims with its mouth wide open,
filtering plankton from the water and passing through the gill raker. We presumed that this
species sensed the prey brought into its mouth by respiratory currents with the taste buds located
there. We made no special studies to determine the senses initiating filter feeding in Black Sea
anchovy, but our findings of taste buds in the gill rakers indicated that filter feeding in this
species is probably induced by gustation and not by vision during the mechanical filtration of
food by the gill teeth. This combination of mechanical filtration and gustation in the Black Sea
anchovy seems to be much more advanced than a simple mechanical filtration as it is reported
for Japanese anchovy (Uyan et al., 2006) without chemical food selection reported in the
mullets Mugil curema, Mugil liza, and Mugil platanus which have a few taste buds on the
anterior portion of the gill rakers (Eiras-Stofella et al., 2001).

The distribution of the taste buds in the mouth shows that they can choose to selectively feed
on larger zooplankton prey by using vision for particulate feeding. Bulgakova (1993) concluded
that inert items such as phytoplankton, copepod eggs, and veligers were ingested by filtration,
and larger swimming prey such as adult copepods and fish larvae were caught by particulate
feeding. Studies on the feeding behavior of anchovies showed that they filter-feed on small prey
and grab larger prey quite often, like in other species capable of both filter and particulate
feeding (Leong & O’Connell, 1969; Loukashkin, 1970; Hunter & Dorr, 1982; Uotani et al.,
1978; James & Findlay, 1989; James & Probyn, 1989).

The presence of mucous cells on the upper lip may lubricate the surface and protect the
epithelium from abrasions at these regions that are likely to be subjected to wear and tear during
frequent friction and adhesion of the food to the mucosa (Pinky et al., 2002). Although the
Black Sea anchovy is economically the most important pelagic fish species in Turkey,
behavioral studies are particularly scarce. Sense organ morphology in fish is a reliable primary
identifier of fish behavioral patterns. For this reason, it can be said that there is a need to increase
the number of sense organ morphology studies, which have the potential to affect the behavior
of anchovy directly and to investigate the effects of physicochemical environmental alterations,
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which are the most crucial risk source for the Black Sea, on sense organs and therefore the
behavior of anchovy.

Conclusion

The distribution of the taste buds in the mouth shows that the Black Sea anchovy, Engraulis
encrasicholus, can selectively feed on larger zooplankton prey by using vision for particulate
feeding.
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