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By now gustatory preferences are determined for
many fish species. It was found particularly that the
ranges of substances, the sensitivity to which is medi-
ated by the intraoral gustatory reception, are character-
ized by high specificity and differed in different spe-
cies, not only in composition, but also in width
(Kasumyan and Doving, 2003). The number of closely
related species among the studied fishes is relatively
small, so the degree of similarity of their gustatory pref-
erences is not quite clear. The comparison of gustatory
ranges in those closely related fish species, which have
a close mode of life and feed on close food organisms,
is of special interest. The data on gustatory preferences
of such fishes are contradictory. For example, gustatory
ranges in three-spined 

 

Gasterosteus aculeatus

 

 and
nine-spined 

 

Pungititus pungititus

 

 sticklebacks coincide
significantly (Mikhailova and Kasumyan, 2006). How-
ever, intraoral ranges in sturgeons of the

 

 Acipenser

 

genus, Russian sturgeon 

 

A. gueldenstaedtii

 

, Siberian
sturgeon 

 

A, baerii

 

, and starred sturgeon 

 

A. stellatus

 

, dif-
fer, and there is no significant correlation between
these. No free amino acid was found with attractive
gustatory (intraoral) properties for these three fish spe-
cies. But interspecies differences between gustatory
preferences mediated by external (extraoral) gustatory
reception are less expressed and a highly significant

positive correlation was found in some cases (Russian
sturgeon—starred sturgeon). It was also found that
external gustatory ranges in sturgeon fishes are signifi-
cantly wider than intraoral ones, and a significant posi-
tive correlation is observed between these ranges in the
same species (Kasumyan, 1997, 1999).

The task of this work was to determine intraoral and
external gustatory ranges and sensitivity to amino acids
in Persian sturgeon 

 

A. persicus.

 

 The increase of the
number of studied 

 

Acipenser

 

 species makes it possible
carrying out a more intense comparison of the relation-
ship and specificity of external and intraoral gustatory
ranges in closely related species. These data make it
possible for an also more exact determining of some
features of chemosensory provision of the feeding
behavior in fish.

MATERIAL AND METHODS

The experiments were carried out on 3–4-month-old
juveniles of Persian sturgeon with average body weight
7–9 g and length (TL) 10–13 cm. The experiments were
carried out in spring–summer 2005 on the base of the
sturgeon hatchery situated near the city of Gorgan
(eastern part of the Caspian coast of Iran). Fishes were
kept prior to the experiment in common hatchery plas-
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Abstract

 

—Taste preferences towards 20 free amino acids (L-isomers, 0.1–0.0001 M) were determined in juve-
niles of Persian sturgeon

 

 Acipenser persicus.

 

 It was found that most amino acids (16) had a positive effect on
extraoral gustatory reception (increased the frequency of catching artificial pellets by fishes). The most efficient
amino acids were the following: threonine, histidine, arginine, asparagine, phenylalanine, cysteine, glutamine,
and glycine. Fifteen amino acids were efficient for intraoral gustatory receptors: serine, arginine, cysteine, his-
tidine, alanine, and some others. The presence of these amino acids in pellets increased the consumption. Amino
acids decreasing the frequency of catching or consumption of pellets were not found. Highly significant positive
correlation was found between the amino acid ranges mediated by the extraoral and intraoral gustatory recep-
tion. The fishes demonstrated maximum sensitivity to aspartic acid, 0.01 and 0.001 M, respectively, for intraoral
and extraoral gustatory systems. The threshold concentrations of arginine and glycine were higher for the
intraoral gustatory system (0.01 M) than for the extraoral one (0.1 M). The comparison of Persian sturgeon with
sturgeon fishes (Russian sturgeon 

 

A. gueldenstaedtii

 

,

 

 Siberian sturgeon

 

 

 

A, baerii

 

, and starred sturgeon 

 

A. stel-
latus

 

) studied earlier confirmed high species specificity of intraoral taste preferences in representatives of 

 

Aci-
penser 

 

genus. Species specificity of extraoral taste ranges was less pronounced.
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tic flow-through tanks with rounded corners (2 

 

×

 

 2 

 

×

 

0.5 m). Fishes were fed on living or freshly frozen
Daphnia twice a day. Twenty hours before the experi-
ment, a fish group of 50 individuals was placed into a
common aquarium (50 

 

×

 

 40 

 

×

 

 28 cm) with an aerator,
where fishes were kept without feeding. Water temper-
ature in tanks and in the common aquaria varied from
22 to 24

 

°

 

C.

To carry out an experiment, three fishes were placed
into the nonflowing-through experimental aquarium
with bottom area 40 

 

×

 

 50 cm and water height 5 cm.
Then 50 artificial pellets made of agar-agar gel (2%)
and containing one of 20 free amino acids (L-isomers)
subject to testing were introduced in one stage into the
central part of the aquarium. The list of used amino
acids and their concentrations in pellets are presented in
Tables 1 and 2. The granules without any taste sub-
stances were used in the control. All pellets including
the control ones had a greenish color provided by dye
chromic oxide (Cr

 

2

 

O

 

3

 

, 0.3%), which was added with
one of the tested amino acids to the agar-agar gel. The
pellets were cut with the help of a stainless steel tube
immediately before the beginning of the experiment.
The pellets had a length of 2.0 mm and diameter of

1.0 mm. The procedures of the preparing and the con-
ditions of the storing of agar-agar gel were presented in
more detail earlier (Kasumyan and Sidorov, 1994;
Kasumyan and Morsy, 1996).

After the introduction of pellets into the aquarium,
the number of catching of pellets by experimental
fishes was recorded visually during 5 min. Then fishes
were removed from the aquarium, the number of pellets
not eaten was determined, and the percentage of con-
sumed pellets from the number of pellets caught was
calculated. Five to twenty experiments were performed
with every type of pellet. Fishes were not used twice in
the experiments.

A sum total 350 experiments were carried out. Sta-
tistical analysis of results was performed using Stu-
dentís 

 

t

 

-test, the Mann-Whitney 

 

U

 

 test, and the Spear-
man rank correlation coefficient (

 

r

 

s

 

).

RESULTS

The observations over experimental fishes demon-
strated that their behavior normalized several minutes
after releasing into the experimental aquarium. Fishes
swam quietly throughout the aquarium, mostly moving

 

Table 1.  

 

Extraoral and intraoral taste behavioral responses of Persian sturgeon 

 

A. persicus

 

 juveniles to pellets with free ami-
no acids

Amino acid Concentration, M Number of pellet catching
per an experiment

Consumption of pellets,
% of catching number

Number
of experiments

Threonine 0.1 43.1 

 

±

 

 3.8*** 13.2 

 

±

 

 4.8* 10

Histidine 0.1 32.4 

 

±

 

 4.9*** 22.6 

 

±

 

 7.6** 10

Arginine 0.1 31.2 

 

±

 

 4.4*** 25.7 

 

±

 

 7.7** 10

Asparagine 0.1 29.3 

 

±

 

 4.3*** 16.8 

 

±

 

 4.2** 10

Phenylalanine 0.1 29.2 

 

±

 

 5.3** 12.6 

 

±

 

 2.5** 10

Cysteine 0.1 28.3 

 

±

 

 3.5*** 25.6 

 

±

 

 8.4** 10

Glutamine 0.1 27.2 

 

±

 

 2.6*** 19.0 

 

±

 

 4.1** 10

Glycine 0.1 26.6 

 

±

 

 5.1*** 13.0 

 

±

 

 3.7* 10

Valine 0.1 23.7 

 

±

 

 3.4*** 17.1 

 

±

 

 8.6 10

Serine 0.1 22.3 

 

±

 

 3.3** 27.2 

 

±

 

 10.1* 10

Lysine 0.1 21.5 

 

±

 

 3.8** 10.7 

 

±

 

 4.4* 10

Alanine 0.1 20.8 

 

±

 

 3.3** 20.2 

 

±

 

 5.3** 10

Proline 0.1 19.6 

 

±

 

 7.6 19.3 

 

±

 

 9.2* 10

Methionine 0.1 18.4 

 

±

 

 5.2* 16.2 

 

±

 

 5.2* 10

Aspartic acid 0.01 22.8 

 

±

 

 3.3*** 12.2 

 

±

 

 2.8* 10

Tryptophan 0.01 16.8 

 

±

 

 3.8* 10.0 

 

±

 

 7.3 10

Glutamic acid 0.01 14.5 

 

±

 

 2.2* 13.2 

 

±

 

 3.4* 10

Isoleucine 0.01 11.8 

 

±

 

 5.4 19.5 

 

±

 

 9.0 10

Leucine 0.01 9.9 

 

±

 

 4.1 14.8 

 

±

 

 5.7 10

Tyrosine 0.001 3.7 

 

±

 

 2.1 0.6 

 

±

 

 0.6 10

Control – 6.3 

 

±

 

 1.9 3.5 

 

±

 

 2.8 20

 

Note: Here and hereinafter the difference from control is significant: * 

 

p

 

 < 0.05, ** 

 

p

 

 < 0.01, *** 

 

p

 

 < 0.001.
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near the bottom or with barbels sliding along the bot-
tom. Introduction of pellets into the aquarium did not
cause consternation or anxiety and did not significantly
modify fish behavior. Introduced pellets sank to the bot-
tom and distributed relatively uniformly on its surface.

Fishes caught pellets only during their moving and
only touching the pellets with barbels. At this moment,
fish were thrown out quickly by the mouth tube, the
blow of which by the rigid bottom of the aquarium
resulted in turn in the fact that the head and anterior part
of the fish body deviated sharply upward. Such move-
ment is well noticeable, occurs only at the moment of
pellet catching from the bottom surface, and allows the
observer to count with ease the number of grips per-
formed by the experimental fishes during the experi-
ment (5 min). Not all touching of pellets resulted in
catching. When touching the pellet with barbels, fish
could ignore it and continue fishing. Catching of pel-
lets, raised into the water layer resulting in the sharp
changing by fishes of swimming speed or direction,
was not observed.

Twenty free amino acids were tested in concentra-
tions used usually for determining taste preferences in
fishes including sturgeons (Kasumyan, 1999;
Kasumyan and Doving, 2003). It was found that many
amino acids caused a significant increase of the number
of catching in Persian sturgeon. Such an effect was typ-
ical of 16 out of 20 amino acids, of which threonine,
histidine, arginine, asparagine, phenylalanine, cysteine,
and some other amino acids were most efficient. For
example, the number of catching by fishes of the pellets
with threonine exceeded the number of catching of the
control pellets almost by seven times. Amino acids sig-
nificantly decreasing the number of catching of the pel-
lets were not found (Table 1).

Fifteen amino acids stimulated the consumption of
pellets. Their presence in the pellets increased signifi-
cantly the part of the swallowed pellets relative to the
number of caught ones. The most pronounced positive
effect had serine, arginine, cysteine, histidine, and ala-
nine. In the experiments with pellets containing serine,
arginine, or cysteine, the caught pellets were swallowed
almost eight times more frequently than control pellets.

 

Table 2.  

 

Extraoral and intraoral taste behavioral responses of Persian sturgeon 

 

A. persicus

 

 juveniles to pellets with low con-
centrations of free amino acids

Amino acid Concentration, M Number of pellet catching 
per an experiment

Consumption of pellets,
% of catching number

Number
of experiments

Alanine 0.01 2.4 

 

±

 

 1.3 12.9 

 

±

 

 9.7

 

5

 

Arginine 0.01 13.2 

 

±

 

 3.3 16.3 

 

±

 

 4.2**

 

5

 

0.001 2.6 

 

±

 

 1.6 0

 

5

 

Asparagine 0.01 10.2 

 

±

 

 2.1 21.5 

 

±

 

 13.9 

 

5

 

0.001 9.4 

 

±

 

 4.6 0

 

5

 

Valine 0.01 8.6 

 

±

 

 4.8 24 

 

±

 

 12.4

 

5

 

0.001 0.8 

 

±

 

 0.6 6.7 

 

±

 

 6.7

 

5

 

Histidine 0.01 4.0 

 

±

 

 1.1 14.2 

 

± 8.7 5

Glycine 0.01 18.8 ± 9.0 22.6 ± 12.4* 5

0.001 7.2 ± 3.4 2.0 ± 2.0 5

Glutamine 0.01 1.4 ± 0.9 8.0 ± 8.0 5

Lysine 0.01 10.2 ± 1.8 10.2 ± 7.3 5

0.001 1.2 ± 0.9 0 5

Proline 0.01 2.4 ± 0.6 10.0 ± 10.0 5

Serine 0.01 7.6 ± 4.3 12.7 ± 12.7 5

0.001 0.8 ± 0.5 0 5

Threonine 0.01 4.0 ± 1.1 3.3 ± 3.3 5

Phenylalanine 0.01 8.2 ± 2.5 8.4 ± 5.2 5

0.001 7.6 ± 4.6 18.8 ± 14.5 5

Cysteine 0.01 8.0 ± 3.7 7.7 ± 3.3 5

Aspartic acid 0.001 25.2 ± 4.0*** 2.8 ± 1.8 5

0.0001 1.8 ± 0.8 6.7 ± 6.7 5

Control – 6.3 ± 1.9 3.5 ± 2.8 20
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Amino acids that decreased the swallowing of pellets
statistically significantly were not found (Table 1).

The experiments with pellets, in which concentra-
tions of efficient amino acids were 10–100 times lower
than the initial concentration, were carried out to deter-
mine the threshold concentrations. In these experi-
ments, the gustatory responses of fishes to all amino
acids, excluding aspartic acid (0.001 M), did not differ
from the control according to the criterion “number of
pellet catching.” Aspartic acid lost a stimulating effect,
when concentration was decreased an order of magni-
tude more. Arginine and glycine (0.01 M) were efficient
according to the criterion “consumption of pellets.”

DISCUSSION

The acipenserids are suitable model objects for
experimental investigations including the field of food
behavior and chemoreception (Pavlov et al., 1970;
Palatnikov, 1983; Kasimov and Mamedov, 1998;
Boglione et al., 1999). The observations over the feed-
ing of sturgeons suggest that they catch food only after
touching the food object with barbels (Bastakov et al.,
1981; Kasumyan and Kazhlaev, 1993). Numerous
external taste buds, due to which preliminary sensory
evaluation of a food object is performed, are situated in
barbel epithelium of sturgeon fishes. If the object has
favorable properties for external taste reception, the
catching is performed after such evaluation. If taste
properties of the object are not sufficiently high or are
negative, the food object is ignored by fish in such a
case. Final control of the quality of caught prey occurs
in sturgeons similar to other fishes with participation of
intraoral gustatory receptors, which are situated on
many sites of oral and gill cavities, on gill arches, and
near the pharynx (Devitsyna and Kazhlaev, 1992;
Boglione et al., 1999; Boglione et al., 2006).

Taste preferences of fishes mediated by intraoral
reception are characterized with high species peculiar-
ity (Kasumyan and Nikolaeva, 2002; Kasumyan and
Doving, 2003). This conclusion is based on the com-
parison of taste ranges in the species, which belonged
mostly to different families and orders. The results of
the comparison of a small number of closely studied
relative species belonging to the same family are con-
tradictory. For example, taste preferences in three-
spined and nine-spined sticklebacks (Family Gaster-
osteidae) are similar (Mikhailova and Kasumyan,
2006). Taste ranges are similar in juveniles of three
cyprinids (family Cyprinidae): minnow Phoxinus phox-
inus, dace Leuciscus leuciscus, and chub L. cephalus
(Kasumyan, 1997). But the substances attractive by
taste for carp Cyprinus carpio and tench Tinca tinca,
also belonging to the Cyprinidae family, differ, and
taste ranges of amino acids of these fishes with close
mode of life, often inhabiting the same water bodies
and feeding on similar food organisms, do not correlate
significantly (Kasumyan and Morsy, 1996; Kasumyan
and Prokopova, 2001).

The comparison of taste intraoral ranges in Persian
sturgeon and three other representatives of genus Aci-
penser did not reveal a statistically significant correla-
tion in any of the six possible variants of paired com-
parison (Figure). These results suggest a significant dif-
ference in taste preferences of sturgeon fishes, and this
feature distinguishes them, for example, from stickle-
backs or some carp species. It is not improbable that
lack of coincidence of taste ranges in sturgeons and the
similarity of ranges in other closely related species is
connected with a different evolutionary age of com-
pared groups. The hondrosteans (Chondrostei), includ-
ing sturgeons, have an ancient origin. Their age is esti-

Persian
sturgeon sturgeon

sturgeon

Russian

SiberianStarred 

sturgeon
SiberianStarred 

Persian
sturgeon sturgeon

Russian

0.22

0.
29

0.28

0.52*

0.89***

0.
48

*

–0.05

–0.01
0.

11
0.15

0.
35

–0.08

(a)

(b)

Spearman rank correlation coefficients between taste ranges
of free amino acids mediated by extraoral (a) and intraoral
(b) taste reception in sturgeons from Acipenser genus. Cor-
relation coefficient was calculated for Russian sturgeon
A. gueldenstaedtii by taste responses of fishes towards 21
free amino acids, for Siberian sturgeon A, baerii by taste
responses to 19 free amino acids, and for Persian sturgeon
A. persicus by taste responses to 20 free amino acids in all
used concentrations. Correlation coefficients were calcu-
lated using the results of experiments with control pellets. *
and ** significance levels, respectively, p < 0.05 and p <
0.001.

sturgeon

sturgeon
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mated as almost 200 million years, and recent represen-
tatives exist that are apparently already several tens of
millions of years (Yakovlev, 1977; Bemis et al., 1997).
The cyprinids together with other numerous representa-
tives of Ostariophsi belong to the relatively early
appeared group Euteleostei, and sticklebacks belong to
the youngest group of recent fishes (suborder Acantho-
pterigii), Neoteleostei (Helfman et al., 1997). Undoubt-
edly, further investigations are required to formulate
more strict conclusions on the similarity of the differ-
ence between taste preferences in fishes of different
taxonomic position.

According to the available data, significant differ-
ences in taste preferences are not observed, when the
comparison is performed at intraspecific and interpop-
ulation level or between different biological forms
(Kasumyan and Mikhailova, 2005; Kasumyan and
Sidorov, 2005). Taxonomic status of Persian sturgeon is
debated up to now. Some researchers consider it the
independent species (Lukíyanenko et al., 1974; Putil-
ina, 1983; Vlasenko et al., 1989). Other researchers do
not acknowledge its validity on the basis of molecular
investigations and consider Persian sturgeon as a sub-
species of Russian sturgeon (Birstein and Bemis, 1997;

Birstein et al., 2000, 2005). The absence of significant
correlation between the taste intraoral ranges of Rus-
sian and Persian sturgeons can be considered as a cor-
roboration of the truth of the opinion about the indepen-
dent species status of Persian sturgeon.

The intraoral gustatory reception of sturgeons from
Acipenser genus demonstrates, however, some com-
mon features. Similar responses are observed towards
some amino acids, and especially to those classified as
indifferent or slightly attractive stimuli. For example,
lysine, isoleucine, leucine, and tyrosine were indiffer-
ent for all four sturgeon species. Cysteine possesses
attractive taste properties for Persian sturgeon, Russian
sturgeon, and starred sturgeon; alanine and histidine for
Persian sturgeon Siberian sturgeon, and starred stur-
geon; and arginine, threonine, and glutamic acid for
Persian sturgeon, Russian sturgeon, and Siberian stur-
geon (Table 3). The common feature is that amino acids
causing negative gustatory responses, i.e., decreased
consumption of granules, are absent in Persian sturgeon
as well as in other studied species (negative attitude of
Siberian sturgeon to alanine taste was an exclusion).
Such substances are called deterrent (Kasumyan and
Doving, 2003). Deterrent amino acids were found,

 
Table 3.  Average percentage of swallowed pellets with free amino acids from the number of caught pellets in different spe-
cies of sturgeons from Acipenser genus

Amino acid Concentration, M Russian sturgeon Starred sturgeon Siberian sturgeon Persian sturgeon

Alanine 0.1 15.6 59.9*** 34.9* 20.2**

Arginine 0.1 41.9* 11.5 62.5* 25.7**

Asparagine 0.1 35.0 20.9 62.4* 16.8**

Valine 0.1 34.0 11.6 65.1* 17.1

Histidine 0.1 27.6 57.3*** 64.3* 22.6**

Glycine 0.1 34.2 33.0 71.1*** 13.0*

Glutamine 0.1 35.9 11.9 41.4 19.0**

Lysine 0.1 39.0 29.5 38.8 10.7

Methionine 0.1 25.0 14.7 55.5 16.2*

Norvaline 0.1 15.1 14.8 – –

Proline 0.1 19.0 4.8 45.6 19.3*

Serine 0.1 42.3 23.6 47.0 27.2*

Threonine 0.1 43.4* 17.0 86.6*** 13.2*

Phenylalanine 0.1 40.7 16.0 54.7 12.6**

Cysteine 0.1 80.3*** 55.9*** – 25.6**

Aspartic acid 0.01 68.6*** 24.4 54.6 12.2*

Glutamic acid 0.01 50.1* 7.2 69.8** 13.2*

Isoleucine 0.01 20.4 16.2 52.3 19.5

Leucine 0.01 26.1 15.1 60.6 14.8

Tryptophan 0.01 53.1** 15.3 52.8 10*

Tyrosine 0.001 21.1 14.3 47.5 0.6

Control – 23.1 15.7 48.5 3.5

Note: The data for Russian sturgeon, starred sturgeon, and Siberian sturgeon are taken from Kasumyan, 1999.
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however, in many other fish species, and the part of
such amino acids in taste ranges in some of them can be
significant (50% and more). It is considered that the
compounds of this class due to diverse taste properties
of amino acids provide fine regulation of fish feeding,
selective consumption of food objects, and differentia-

tion of fishes of different species living together by
food ranges (Kasumyan, 1997).

Unlike intraoral taste reception, extraoral taste
ranges of sturgeons are characterized by significant
similarity. Significant positive correlation was found in
three out of six possible paired comparisons of species.

Table 4.  Number of efficient amino acids in extraoral and intraoral taste ranges in sturgeons from genus Acipenser

Species
Gustatory reception

Range ratio1 Number of tested
amino acidsextraoral intraoral

Persian sturgeon 16 (80%) 15 (75%) 1.07 20

Russian sturgeon 15 (71.4%) 6 (28.6%) 2.50 21

Starred sturgeon 18 (85.7%) 3 (14.3%) 6.33 21

Siberian sturgeon 14 (73.7%) 8 (42.1%) 1.75 19

Note: 1 The number of efficient amino acids in extraoral range to the number of efficient amino acids in intraoral range. Percentage of
efficient amino acids from the number of amino acids tested is given in parentheses. The data for Russian sturgeon, starred sturgeon,
and Siberian sturgeon are given by Kasumyan, 1999.

 
Table 5.  Average number of catching of the pellets with free amino acids by different species of sturgeons from genus Aci-
penser

Amino acid Concentration, M Russian sturgeon Starred sturgeon Siberian sturgeon Persian sturgeon

Alanine 0.1 20.6** 23.8*** 30.4*** 20.8**

Arginine 0.1 28.7*** 25.3*** 16.5 31.2***

Asparagine 0.1 27.7*** 21.4*** 46.6*** 29.3**

Valine 0.1 9.6 12.3** 30.1*** 23.7***

Histidine 0.1 30.7*** 26.5*** 23.7* 32.4***

Glycine 0.1 13.7 19.1*** 36.0*** 26.6**

Glutamine 0.1 25.4*** 23.3*** 29.2*** 27.2***

Lysine 0.1 28.7*** 27.7*** 21.5 21.5**

Methionine 0.1 15.9* 20.3*** 41.0*** 18.4*

Norvaline 0.1 7.1 11.0 – –

Proline 0.1 7.1 10.3 15.3 19.6

Serine 0.1 23.6*** 27.9*** 28.2*** 22.3**

Threonine 0.1 29.6*** 21.9*** 42.0*** 43.1***

Phenylalanine 0.1 22.9** 18.7*** 22.0* 29.2**

Cysteine 0.1 35.1*** 35.1*** – 28.3***

Aspartic acid 0.01 37.9*** 35.9*** 25.9** 22.8***

Glutamic acid 0.01 35.6*** 28.1*** 32.2*** 14.5*

Isoleucine 0.01 14.4 13.8*** 13.9 11.8

Leucine 0.01 15.0* 11.5** 30.3*** 9.9

Tryptophan 0.01 23.2*** 12.5*** 32.2*** 16.8*

Tyrosine 0.001 13.6 9.4 19.0 3.7

Control – 7.2 10.3 15.3 6.3

Note: In experiments with juveniles of Russian sturgeon, starred sturgeon, and Siberian sturgeon, the number of catching of 50 pellets by
five fishes during 5 min was recorded (Kasumyan, 1999).
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The fact engaged our attention that this correlation was
found between the species of Russian sturgeon, Persian
sturgeon, and starred sturgeon with common or signifi-
cantly superimposed areas. Significant correlation
between these species and Siberian sturgeon, which has
another area and differs from them in biology (freshwa-
ter mode of life), is absent (Figure).

Functional features of external gustatory reception
in fishes are studied less comprehensively than those of
an intraoral one. It is known that external gustatory sys-
tem in fish possess a wider range of efficient stimuli,
and its sensitivity is higher than that of an intraoral one.
This conclusion, made on the basis of electrophysiolog-
ical experiments carried out with Ictalurus punctatus
(Caprio, 1988), is confirmed by the data obtained using
behavioral methods (Kasumyan, 1999). External gusta-
tory reception is developed in fish ontogenesis with a
higher rate than an intraoral one (Kasumyan et al. 1992;
Doving and Kasumyan, 2007). It is found also that long
olfactory deprivation causes in fish compensatory
development of external gustatory system and recovery
on this basis of the ability to demonstrate the search
behavior in response to food smell (Kasumyan and
Devitsyna, 1997; Kasumyan, 2002; Kasumyan and
Marusov, 2002, 2003). However, the number of works,
in which the properties of external gustatory system is
the subject of special study, is very small.

The results of this work corroborate, by and large,
that external taste reception in fish is adapted to the
reception of a greater number of substances than the
intraoral system. This difference, however, is not so
pronounced in Persian sturgeon: 16 out of 20 amino
acids were efficient stimuli for external gustatory
receptors and 15 for intraoral receptors. In other stur-
geon fishes, extraoral and intraoral ranges differ more
intensely first of all because of a much smaller range of
amino acids efficient for the intraoral gustatory system,
whereas the number of amino acids, increasing the
catching of pellets significantly in Persian sturgeon, is
the same (Table 4). This difference can be determined
to some extent by low attractiveness for Persian stur-
geon of agar-agar gel used for pellet preparing and
being the carrier of taste substances. The consumption

of control pellets comprised in Persian sturgeon 3.55 of
the number of catching, whereas the consumption of
control pellets in Russian sturgeon, starred sturgeon,
and Siberian sturgeon was much higher, 21.1, 15.7, and
48.5% respectively (Tables 1–3). Relatively weak
intraoral taste attractiveness of agar-agar gel is appar-
ently the main cause of low consumption by Persian
sturgeon of, not only the control pellets, but also of pel-
lets with amino acids. Other sturgeon fishes signifi-
cantly exceed Persian sturgeon by this parameter. The
difference of Persian sturgeon from other species by the
frequency of catching the pellets with amino acids was
less pronounced (Table 5), but strict comparison of
fishes according to this parameter of taste response is
difficult due to various methodical reasons.

All 15 amino acids that increased the consumption
of pellets by Persian sturgeon, excluding praline, are
included into the number of amino acids increasing
catching of pellets. Relative efficiency of stimulation
catching and swallowing of pellets was similar for
some amino acids: the more significantly the amino
acid catching of pellets increased, the higher was the
part of pellets with this amino acid, which were swal-
lowed after catching. This regularity is confirmed by
statistical calculations. The correlation coefficient
between extraoral and intraoral ranges of amino acids
was somewhat lower in Siberian sturgeon and starred
sturgeon, but reached the minimum level of signifi-
cance, and the correlation coefficient was maximal in
Russian sturgeon (Table 6).

Glycine and alanine are known to possess attractive
olfactory properties for Persian sturgeon (Shamushaki
et al., 2007). Solutions of these two amino acids cause
the stereotype food search behavior in other sturgeons
also (Kasumyan and Taufik, 1993; Kasumyan, 1999).
Taste attractiveness of glycine and alanine for Persian
sturgeon is not high: it is significantly lower than attrac-
tiveness of other amino acids, and this fact emphasizes
the lack of coincidence between the olfactory and taste
ranges and attests to a different role of olfactory and
gustatory systems in providing feeding behavior. The
lack of coincidence between the olfactory and taste effi-
ciency of amino acids also suggests indirectly that fish
responses to pellets with amino acids reflect the func-
tion of gustatory reception, but not of an olfactory one.
This conclusion is in complete agreement with the
results of experiments on fishes with anosmia
(Kasumyan and Morsy, 1996; Kasumyan and Sidorov,
2002, 2005).

The use of pellets with different concentrations of
amino acids made it possible to assess first the level of
gustatory sensitivity of sturgeons to this class of sub-
stances. It was found that sturgeon fishes are capable of
identifying, by means of external taste buds, the pres-
ence in food pellets of aspartic acid in a lower concen-
tration (0.001 M) than with the help of intraoral gusta-
tory receptors (0.01 M), and this fact confirms our pre-
vious results obtained with classic taste substances

 
Table 6.  Spearman rank correlation coefficient for extraoral
and intraoral taste ranges of amino acids in sturgeons from
genus Acipenser

Species Correlation
coefficient (rs)

Significance
level (p)

Persian sturgeon 0.41 0.064

Russian sturgeon 0.79 0.000

Starred sturgeon 0.46 0.032

Siberian sturgeon 0.47 0.035

Note: The data for Russian sturgeon, starred sturgeon, and Sibe-
rian sturgeon are given by Kasumyan, 1999. Correlation
coefficients are calculated taken into account control.
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(Kasumyan and Kazhlaev, 1993). However, the sensi-
tivity of Persian sturgeon to two other amino acids,
arginine and glycine, was higher in the intraoral gusta-
tory system (0.01 M) and lower in the external (0.1 M)
system (Table 2). The disagreement between obtained
data was probably connected with an insufficiently
great number of experiments with low concentrations
of amino acids and with high variability of fish
responses.

Persian sturgeon demonstrated maximum sensitiv-
ity to aspartic acid: 0.001 M and 0.01 M, respectively,
for extraoral and intraoral system. These values are
close to the level of taste sensitivity to amino acids in
other fishes determined with similar methods of testing
(Kasumyan and Doving, 2003). Absolute content of
aspartic acid in a pellet sufficient for stimulating the
extraoral and intraoral response in Persian sturgeon
respectively comprised 0.21 and 2.1 µg. Taking into
account that a part of the substance is inevitably washed
out from the pellet during the experiment and that only
the molecules of the substance from the surface level of
the pellet interact really with gustatory receptors, the
absolute amount of substance sufficient for stimulating
the gustatory response will be several orders of magni-
tude lower.

External and intraoral gustatory systems are
involved subsequently into sensory supply of feeding
behavior. Preliminary selection in the course of the
feeding search of potentially edible objects is per-
formed with the help of external taste reception. Final
evaluation of food, its swallowing or rejection, occurs
on the basis of intraoral taste and apparently of
mechanic reception (Atema, 1980; Pavlov and
Kasumyan, 1990, 1998). High agreement of the work
of two gustatory systems in fishes is provided by their
functional features: different width of ranges, different
sensitivity, and partial coincidence or similarity of effi-
cient stimuli.

It is known that selectivity of fish feeding depends
on the diversity, number, and availability of food organ-
isms, illumination, speed and turbulence of the flow,
structuredness of biotope, fish state, and many other
external and internal factors (Pavlov and Kasumyan,
1998, 2002). Selectiveness of feeding is determined
undoubtedly by the quality of preys themselves includ-
ing their taste properties. Due to species specificity of
taste preferences, the same preys can be attractive by
taste for one consumer and in this result be consumed
willingly by it and can deterrent taste for the other con-
sumer, which will avoid using it as food. The observa-
tions over feeding of Russian sturgeon and starred stur-
geon on living Gammaridae and Nereis serve as an
illustrative example of different responses of fishes to
the same food organisms. With similar ratio between
these food organisms in an aquarium (without ground
and shelters), Russian sturgeon consumed selectively
Gammaridae, and starred sturgeon consumed Nereis
(Stroganov, 1968). It is more difficult to reveal the dif-

ference in feeding ranges between the fishes living
together under complex natural conditions against the
background of factors of a different nature and effects
(Zheltenkova, 1964; Polyaninova, 1983; Mutysheva,
2004).

The attempts were made to find the relationship
between structural or physicochemical characteristics
of taste substances and their efficiency in the works
devoted to taste reception in fish. For example, it was
shown for I. punctatus that most strong taste responses
were caused by amino acids with a relatively small size
of molecule (Caprio, 1978). Significant correlation
between molecular weight of the substance and its taste
attractiveness was not observed in tench in the case of
free amino acids, but was well expressed in the case of
carboxylic acids (Kasumyan and Prokopova, 2001).
Significant correlation between molecular weight of
free amino acids and their taste attractiveness was
absent in Persian sturgeon. The Spearman rank correla-
tion coefficient for responses mediated by external and
intraoral taste reception respectively equaled –0.03 (p =
0.91) and –0.32 (p = 0.17).

The state of many natural populations of sturgeons
is continuosly deteriorated, and their existence is
endangered. Artificial reproduction and release of juve-
niles into natural water bodies is one of the ways for
supporting the populations of these fishes. Production
of hatchery juveniles of Persian sturgeon for this pur-
pose in Iran increases and comprises recently 12–
18 million individuals per year (Abdolhay and Tahori,
2006; Shahifar, 2006). The problem of providing with
full-value artificial food, which must correspond, not
only to physiological requirements of juveniles, but to
their taste preferences also, is one of the causes holding
in the increase of the number of grown juveniles. The
results of investigation of taste reception in Persian
sturgeon and other sturgeon fishes can be used for
improving the technology growing and developing new
formulas of artificial food.
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