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Summary

Solutions of two from 20 free amino acids tested (L-isomers,
1 mMM), alanine and glycine, evoked noticeable food searching
behavior in Persian sturgeon A. persicus juveniles (10–13 cm

TL). Some of free amino acids such glutamic acid released a
weak avoidance response in fish. In contrast to olfaction, 16
and 15 amino acids were positively effective for extraoral and

oral taste perception, respectively. Amino acids which signif-
icantly decreased fish responses mediated by extraoral taste
system (grasps of flavored pellets) or by oral taste system

(pellets consumption) as well, were not found. Significant
correlation between Persian sturgeon and three other acipens-
erids in their oral taste perception was absent, but the extraoral

taste spectra were significantly correlated between Persian,
Russian and stellate sturgeons. The present study demonstrate
a weak difference in olfaction between Persian sturgeon and
other acipenserids, and high species specificity for taste

preferences, especially which are mediated by oral taste system.

Introduction

Olfactory and taste preferences are studied in several fish
species. It was found that olfactory spectra are not very specific

and are similar even in species from different families like
catfishes of Ictaluridae and Ariidae (Caprio, 1980). In contrast,
oral taste perception is highly species specific and palatability
of free amino acids and other types of chemicals is strongly

different even in fish which share the same waters or prefer to
use similar aquatic animals as food organisms (Kasumyan and
Døving, 2003). Some fish like catfishes, sturgeons, gadoids and

cyprinids poses extraoral taste buds and can evaluate taste
quality of food before taking it into the mouth (Atema, 1971;
Gomahr et al., 1992; Devitsina and Kazhlaev, 1993; Harvey

and Batty, 2002). Specificity of extraoral taste perception
seems is not as highly prominent as oral one but is much higher
than in olfaction (Kasumyan and Døving, 2003). The com-

parison of olfactory and gustatory spectra in closely related
fish belonging to the same genus or family and having similar
mode of life and feeding is of special interest. The data of taste
preferences of such fish are contradictory. For example, taste

preferences in three-spined stickleback Gasterosteus aculeatus
and nine-spined stickleback Pungitius pungitius coincide sig-
nificantly (Mikhailova and Kasumyan, 2006). However, the

palatability of various types of substances is different in two
bottom-feeder cyprinid fish, common carp Cyprinus carpio and
tench Tinca tinca (Kasumyan and Morsi, 1996; Kasumyan and

Prokopova, 2001). The number of compared and closely

related fish species is small and new studies are needed to
support the conclusion concerning the specificity of olfactory
and taste preferences.

Chemosensory systems are well studied in several sturgeon
species belonging to the genus Acipenser (Pyatkina, 1975;
Devitsina and Kazhlaev, 1993; Chen and Arratia, 1994;

Kasumyan, 1999, 2002; Zeiske et al., 2003). The aim of
present study was to determine olfactory and both intraoral
and extraoral gustatory spectra in Persian sturgeon Acipenser

persicus. Increasing the number of studied Acipenser species
makes it possible to carry out a more intense comparison of
olfactory, extraoral and intraoral gustatory spectra in these
closely related species and evaluate the specificity of their

preferences mediated by chemosensory systems.

Materials and methods

Experimental test specimens

Three to 4 months-old juveniles of Persian sturgeon (body
weight 7–9 g, TL 10–13 cm) reared on the Sh. Marjani

sturgeon fish farm located in the eastern part of the Caspian
coast of Iran (near the city of Gorgan) and were used for the
behavioural trials. Fish were kept prior experiments in

common plastic flow-through tanks with rounded corners
2.0 · 2.0 · 0.5 m. Water flowed from the fish farm water
supply system with rate 5 L min)1. Fish were fed ad libitum by
living or freshly frozen Daphnia twice a day. Twenty hours

before the experiments started about 50 individuals were
transferred into the aquarium (dimensions = 50 · 40 ·
28 cm). Fish in the aquarium were kept without feeding in

order to ensure that they have the same feeding motivation in
each experiment. The aquarium was equipped with aerator,
water temperature in holding tanks and in the aquarum varied

from 22 to 24�C.

Chemical stimuli

Twenty of free amino acids (L-isomers; Sigma) were used in
behavioral trials as olfactory and taste stimuli: alanine,
arginine, asparagine, aspartic acid, cysteine, glutamic acid,

glutamine, glycine, histidine, isoleucine, leucine, lysine, methi-
onine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine and valine. The concentration of free amino acid was

1 mMM (in the glass bottle) in olfactory trials and varied between
100 and 1 mMM (in agar-agar pellets) in taste trials. The filtrated
water extract of live Daphnia (5 g L)1) and clean water were

used as positive and negative controls for olfactory tests,
respectively.
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Behavioural criteria

Olfaction. Fish responses to water solution of free amino

acids was studied in rectangular fluviarium (75 · 40 · 50 cm)
(Fig. 1). Two glass bottles were mounted above water level.
One bottle was filled with clean water from the fish farm water

supply system (control) and the other with a test solution.
During the trial, the test solution and clean water flowed into
an fluviarium in opposite compartments for 3 min at a

constant rate (0.3 L min)1). Before each trial, 10 fish were
placed into fluviarium. Acclimation lasted 15 min. The inten-
sity of the fish food searching behaviour was scored from 0 to 3

in a �qualitative assessment�, in which the disturbance in fish
swimming and the behavioural patterns displayed were
expressed (Kasumyan and Kazhlaev, 1993). Scores were
defined as follows: 0 – no response, fish do not change their

normal (�background�) behaviour; 1 – weak response, 1–3 fish
sink to the bottom showing a short searching behaviour: they
swim along circular and S-shaped trajectories, or in loops, and

show 1–3 bottom snaps; 2 – moderate response; 3–6 fish sink
to the bottom showing searching behaviour and 3–6 bottom
snaps in proximity to the compartment containing the test

solution; swimming velocity is high; 3 – strong response; 7–10
fish show searching behaviour and numerous repeated bottom
snaps; fish crowd near the compartment with test solution. The
attractiveness of the test solution was assessed by counting

every 30 s the number of fish in two opposite compartments
containing either test solutions or clean water (�quantitative
assessment�).
After the end of a trial fish were removed, the aquarium was

washed and filled with fresh water, and next 50 specimens were
transferred into the aquarium. Ten trials were performed for

each test solution and for the controls. In total, 220 experi-
ments with free amino acid solutions and Daphnia extract was
performed.

Taste. Agar-agar gel (2%) pellets flavored with one of 20 free

amino acids tested were used for the evaluation the taste
preferences in Persian sturgeon juveniles. All pellets including
the control ones had a greenish color provided by chromic

oxide (Cr2O3, 0.3%). The dye and one amino acid were added
into hot agar solution. Shortly before experiment, pellets were
cut out from the cooled agar-agar gel with stainless steel tube.

The pellets had a length of 2.0 mm and diameter of 1.0 mm.
Before a trial, three fish were placed into aquarium with

bottom area 40 · 50 cm and water height 5 cm. After 20–
25 min of acclimation period 50 pellets were spread simulta-

neously in the central part of aquarium. After the introduction
of pellets into the aquarium, the number of grasps of the

pellets by fish was scored visually during 5 min. This was
considered to be an indicator of extraoral response, because
sturgeon only bit into the pellet after their barbel bearing

external taste buds were in contact with the pellets. Immedi-
ately after the end of trial, fish were removed from the
aquarium and not eaten pellets was counted thoroughly. The
percentage of consumed pellets from the number of pellet

grasps was considered to be indicator of the palatability of
pellets. Blank pellets without amino acids (placebo) were used
for the control.

Number of replicates varied between 5 and 20. Before a next
experiment, the aquarium was washed and filled with clean
water. Fishes were not used twice in the experiments. A sum

total 350 experiments were carried out with different types of
pellets.

Statistics. All data were checked by Kolmogorov–Smirnov
and Shapiro Wilk W tests for normality. Statistical analysis

were performed using Student�s t- test, one way ANOVAANOVA, the
Mann–Whitney U-test, chi-square test, and Spearman rank
correlation coefficient (rs).

Results

Olfaction

Before injection of test solutions into fluviarium, Persian
sturgeon usually monotonously swam forward from one wall
to the opposite side and rising to the upper water layers and
sinking back to the middle or bottom layers again. Fish never

stay motionless for the long time and continued swimming
with more or less constant speed after short stop for 2–3 s near
the bottom. In control experiments, the injection of clean

water into the fluviarium never changed this background
behaviour.

Live Daphnia extract (5 g L)1) evoked strong and well-

pronounced food searching response in Persian sturgeon. Fish
stopped monotonous swimming, sunk to the bottom and
crowded into the area where food odour spread. Fish hovered
close to the bottom, trailing the barbels on the bottom surface

and moving along searching trajectories with circular, or
S-like, or ¥-like loops. The size of these trajectories is close to
the fish body length. The oscillation of fish along a horizontal

plane (hunting) during swimming as well as numerous biting of
bottom surface were very characteristic signs of sturgeon food
searching behaviour. The intensity of food searching behav-

iour evoked by Daphnia extract was high and was evaluated
by maximal score in many trials (Fig. 2). Injection of Daphnia
extract into fluviarium induce a obvious delay of fish in the

compartment with food odour, in which the number of fish
was higher than in opposite compartment with clean water
(Table 1).

Among the 20 amino acids tested the strongest food

searching behaviour was evoked by alanine and glycine,
although the effectiveness of these two amino acids was
weaker than Daphnia water extracts. Searching behaviour was

also stimulated by several other amino acids, such as leucine,
histidine, cysteine, isoleucine, and proline but response was
significantly weaker than even in alanine and glycine (Fig. 2).

Attractiveness of proline, glycine, alanine, histidine and a few
other of amino acids (lysine, arginine) was significant in some
time-points of trials when the number of fish in compartment
was counted. Solution of several amino acids such as glutamic

A B

Fig. 1. The schematical drawing of the fluviarium used for observing
sturgeon behavioural responses to water solutions of free amino acids
and Daphnia water extracts. The bottle A and B contain clean water
and test solution, respectively
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acid, methionine, aspartic acid and phenylalanine evoked weak
avoidance response and this effect was statistically significant
only for some time-points (Table 1). In the presence of these
negative amino acids, fish spent less time on the half of the

aquarium containing the solutions and avoided the odour
plume. No any specific behaviours was found in fish response
to these four amino acids.

Taste

Fish grasped pellets only after touching pellets by barbels, but
not every touch of pellets followed the grasp. In many cases
fish ignored the pellet after touching and continued to swim. It

was found that pellets flavored by 16 out of 20 amino acids
grasped by Persian sturgeon significantly often in comparison

with blank pellets. Threonine, histidine, arginine, asparagine,

phenylalanine, cysteine, and some other amino acids were
most efficient. The number of grasps of pellets with threonine
exceeded the number of catching of the control pellets almost

by seven times and reached up to 43 times per 5 min of
observation period. Amino acids which significantly decreased
the number of pellets grasps were not found (Table 2).

Only some of grasped pellets were finally swallowed by
Persian sturgeon. Fifteen amino acids stimulated the consump-
tion of pellets, and the most pronounced positive effect had
serine, arginine, cysteine, histidine, and alanine. In the experi-

ments with serine, arginine, or cysteine, the caught pellets were
swallowed almost eight times higher than control pellets. But
only 27% of grasped pellets flavored with serine, the most

palatable amino acid for Persian sturgeon, were swallowed.
Deterrent amino acids which significantly reduced pellet con-
sumption in relation to blank pellets were not found (Table 2).

Discussion

There seems to be a strong similarity between acipenserids

studied so far in their responsiveness to free amino acid
solutions. Alanine and glycine are the most effective inducers
of food searching behaviour in Persian and in Russian

sturgeon Acipenser gueldenstadtii, Siberian sturgeon A. baerii,
green sturgeon A. medirostris, stellate sturgeon A. stellatus,
and beluga Huso huso as well (Kasumyan, 1999). Behavioural

responses evoked by glycine and alanine are weaker than those
caused by Daphnia extract but both types of odorants
stimulate the same pattern of behaviour in fish. According to

data of the present study, alanine and glycine can be
considered as attractants for Persian sturgeon, while some of
the free amino acids such as glutamic acid may have repellent
effect for sturgeons and evoke avoidance response. Anosmic

fish were not used in the present study. However, we can
conclude that the behavioural responses of the Persian
sturgeon juveniles to both food extracts and free amino acid

solutions was mediated by olfaction (Kasumyan, 2002),
supporting the conclusion of other studies on authors that
olfactory spectra have weak species specificity in fish (Caprio,

1980; Kasumyan and Taufik, 1994).
In contrast to olfaction, taste preferences in acipenserids are

highly specific. The comparison of taste preferences mediated
by intra-oral taste receptors in Persian sturgeon and in three

other representatives of the genus Acipenser (Russian, Sibe-
rian, and stellate sturgeons) did not reveal a statistically
significant correlation in any of the six possible paired

combinations of these species (Fig. 3). It is noteworthy that

Fig. 2. The intensity of food searching
behavior evoked by solutions of free
amino acids (L-isomers, 1 mMM at the
point of release from the stock solu-
tion) in Persian sturgeon juveniles. The
scale of 3 was used to assess the
intensity of food searching behaviour
– from �0� (no response) to �3� (maxi-
mum response), mean ± standard
error. The concentration of water
extract of live Daphnia was 5 g L)1.
Clean water was used as control stim-
uli. Responses labeled with common
letters are not significantly different
(P > 0.05, one way ANOVAANOVA)

Table 1
The number of Persian sturgeon juveniles in the compartment with
odorant in a succession of 30 s time-intervals during the injection of
the various test solutions into the fluviarium. Ten fish (10–13 cm in
TL) were placed into the fluviarium. Solution of free amino acids
(L-isomers; 1 mMM at the point of release from the stock solution) and
clean water were injected into opposite compartments of fluviarium for
3 min at a constant rate (0.3 L min)1)

Amino acids

Observation time (s)

Mean30 60 90 120 150 180

Alanine 57 53 56 49 47 54* 52.67
Arginine 65** 61* 46 43 47 53 52.5
Asparagine 44 42 39 40 45 46 42.67
Aspartic acid 48 46 44 32 38 30 39.67
Cysteine 55 49 49 44 54 51 50.33
Glutamic acid 47 31** 43 37 25** 24* 34.5
Glutamine 51 51 49 55 59 52 52.83
Glycine 61* 59 49 48 51 51 53.16
Histidine 58* 52 49 47 48 54 51.33
Isoleucine 49 39 42 48 43 52 45.5
Leucine 53 50 44 41 39 46 45.5
Lysine 61* 56 50 48 52 51 53
Methionine 50 43 41 33 36* 35 39.67
Phenylalanine 44 56 47 38 34* 38 42.83
Proline 58 49 54 60* 47 59** 54.5
Serine 58* 43 42 52 45 43 47.17
Threonine 47 58 53 34 45 45 47
Triptophan 51 43 44 43 44 40 44.17
Tyrosine 55 42 41 53 38 40 44.83
Valine 54 57 49 43 53 44 50
Daphnia extract 57 71** 59* 63** 57 58* 60.83
Control 52 50 48 49 48 51 49.66

* and ** significance level in relation to control, respectively, P < 0.05
and P < 0.01 (Student�s t-test).
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significant correlation was not found even in the pair Russian
and Persian sturgeon supporting the opinion that the Persian
sturgeon is a valid species (Lukyanenko et al., 1974; Vlasenko
et al., 1989). As was shown for brown trout Salmo trutta and

three spined stickleback Gasterosteus aculeatus, there are not
intraspecies specificity in taste preferences, and individuals
from different water bodies have the same taste spectra, even in

fish from populations geographically isolated during many
hundreds or thousands generations (Kasumyan and Mik-
hailova, 2005; Kasumyan and Sidorov, 2005).

Unlike oral taste perception, the specificity of taste prefer-
ences mediated by extraoral taste buds are not so prominent in
sturgeons, nevertheless significant correlations were found

between extraoral taste perception in three out of six pairs of
sturgeon species (Russian, Persian, and stellate sturgeon),
species with common or significantly superimposed areas of
distribution. Siberian sturgeon has another area of distribution

and has freshwater mode of life, and extraoral taste prefer-
ences of this fish are different in relation to the Caspian Sea

sturgeons (Fig. 3). Significant correlation between molecular
weight of free amino acids and their taste quality for fish was
absent in Persian sturgeon (rs = )0.03; P = 0.91, and
rs = )0.32; P = 0.17, for responses mediated by extraoral

and oral taste reception respectively).
All 15 amino acids that increased the consumption of pellets

in Persian sturgeon, excluding proline, are between of amino

acids which increase grasping of pellets. Spearmen rank
correlation coefficient between extraoral and intraoral ranges
of amino acids was low (rs = 0.41; P = 0.064). In other

acipenserids studied this relationship is higher and indicate
strong cooperation between two taste systems, extraoral and
oral, in sensory control of feeding behavior in sturgeons

(Kasumyan, 1999). Glycine and alanine evoke food searching
behavior and possess weak palatability for Persian sturgeon,
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 fish feeding
behavior (Pavlov and Kasumyan, 1998).

Table 2
Responses to agar-agar pellets (2%)
containing free amino acids (L-iso-
mers) mediated by extraoral and oral
taste systems in Persian sturgeon juve-
niles (10–13 cm in body length). Fifty
pellets were introduced into a aqua-
rium containing three fish. Observa-
tion time – 5 min. Pellets containing
only Cr2O3, 0.3% are indicated as
�Control�. Values are mean ± stan-
dard error

Amino acids
Concentration
(MM)

Number of grasps
of pellets per 3 fish
per 5 min

Consumption of pellets
in relation to the number
of grasps (%) per 3
fish per 5 min

Number
of trials

Alanine 0.1 20.8 ± 3.3** 20.2 ± 5.3** 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
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
Histidine 0.1 32.4 ± 4.9*** 22.6 ± 7.6** 10
Lysine 0.1 21.5 ± 3.8** 10.7 ± 4.4* 10
Methionine 0.1 18.4 ± 5.2* 16.2 ± 5.2* 10
Phenylalanine 0.1 29.2 ± 5.3** 12.6 ± 2.5** 10
Proline 0.1 19.6 ± 7.6 19.3 ± 9.2* 10
Serine 0.1 22.3 ± 3.3** 27.2 ± 10.1* 10
Threonine 0.1 43.1 ± 3.8*** 13.2 ± 4.8* 10
Valine 0.1 23.7 ± 3.4*** 17.1 ± 8.6 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

The *, ** and *** indicate that value are significantly different from the blank pellets P < 0.05,
P < 0.01 and P < 0.001 (Student�s t-test, number of grasps; chi-square, consumption of pellets)
respectively.

(a) (b)

Fig. 3. Spearman rank correlation coefficients between taste ranges of free amino acids mediated by extraoral (a) and intraoral (b) taste reception
in sturgeons from genus Acipenser. Correlation coefficient was calculated for Russian sturgeon A. gueldenstaedtii and stellate sturgeon A. stellatus
by taste responses of fish 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. Correlation coefficients were calculated taken into account control. * and ***
significance levels, respectively, P < 0.05 and P < 0.001
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The present study demonstrate a weak difference in olfaction
between Persian sturgeon and other acipenserids. Taste pre-

ferences, especially which are mediated by oral taste system,
are highly species specific. Additional studies on the North
America and Chine species of genus Acipenser and Scap-

hirhynchus are needed to confirm this suggestion. For future
researches the modern automated technologies like video
recorder and image analysers is required for objective mea-
surement and for a more standard assessment of fish behavio-

ural responses to olfactory and taste stimuli.
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