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Abstract
15 This study analysed the attraction/avoidance responses of the Persian sturgeon (Acipenser persicus)

juveniles to 20 free L-amino acid solutions, 0.001 M. We used aquaria with two parallel compartments
with a water flow of� 300 mL min�1 in each compartment. During each trial, the flow of clean water
in one compartment was replaced for 3 min by a test solution of free amino acids. We counted the
number of fish in each compartment every 30 s for 3 min and also used a qualitative assessment to

20 characterise the sturgeon’s searching behaviour. Daphnia water extracts were used as a positive
control. Treatments and positive and negative controls (clean water) were replicated 10 times each.
Solutions of alanine and glycine elicited the strongest food searching responses. This was confirmed
by comparing the numbers of fish in test and control compartments. Leucine, histidine, cysteine,
isoleucine and proline evoked low positive responses, which were confirmed by a quantitative

25 assessment. Aspartic acid, tyrosine and glutamic acid evoked negative responses. The highest negative
effects were evoked by glutamic acid. Therefore, alanine and glycine can be considered as attractants
and glutamic acid as a repellent for Persian sturgeon juveniles.
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Introduction

30 Free amino acids are present in natural waters as the excretory products of various animals
and plants (Williams and Poulet 1986). Using olfaction, many fish species perceive the
presence of amino acids at concentrations as low as 10�6–10�9 M (Kasumyan 2004). This is
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why free amino acids are often used as models to investigate various aspects of fish olfaction
(Døving 1986).

35 Sturgeons have a well-developed olfactory system (Chen and Arratia 1994). In adult fish,
olfactory rosettes have approximately 20–30 primary olfactory lamellae. Besides ciliated and
microvillous sensory neurons, a third type of olfactory sensory neurons has recently been
found in the olfactory sensory epithelium, the so-called ‘crypt cell’. It is an egg-shaped cell
that has no olfactory knob, but bears special microvilli bordering an invagination into which

40 several short cilia protrude (Hansen and Finger 2000).
Olfaction is the main long-distance sensory system in sturgeon (Pavlov et al. 1970) and

might be crucial for their homing performances (Boiko et al. 1993). The ability to smell is
part of the male–female communication system during the spawning period. Ripe females
release post-ovulatory sexual pheromones that evoke behavioural responses in males

45 (Kasumyan 1993).
Finally, food odour evokes specific food search behaviour in sturgeon. Their behavioural

responses are fast, enabling these virtually blind fish to inspect quickly and carefully an area
with the highest concentration of food chemical stimuli (Kasumyan and Kazhlaev 1993;
Kasumyan 1999).

50 Water solutions of free amino acids evoke food search behaviour in many fish (Døving
1986). Their spectra are largely shared among species, in both their breadth and
composition. In the species of sturgeon so far studied, the spectrum is narrow, including
two amino acids only, glycine and L-alanine. The threshold concentration of these amino
acids is 10�6 M (Kasumyan 1999).

55 This study characterises the behavioural responses of Persian sturgeon (Acipenser persicus)
juveniles to by water solutions containing a range of free L-amino acids.

Methods

We used hatchery reared 3-month-old juveniles of Persian sturgeon of 10–13 cm total body
length and 7–9 g of body weight. Persian sturgeon juveniles were obtained from the Sh.

60 Marjani sturgeon fish farm (Northeast of Iran, South Caspian Sea area) and were maintained
in common plastic tanks (�1 m3) before the experiments. The tanks were supplied
continuously with fresh water at a flow rate of �10 L min�1. The water temperature
ranged between 17 and 21�C. Live or frozen Daphnia were used as food. To ensure that fish
had comparable feeding motivation in each experiment, they were fed ad libitum before the

65 start of each trial. The experiment was conducted during the summer of 2005.
Water solutions of 20 free amino acids were used as test stimuli: L-arginine, L-asparagine,

L-aspartic acid, L-alanine, L-isoleucine, L-proline, L-threonine, L-tryptophan, L-tyrosine,
L-serine, L-cysteine, L-phenylalanine, L-glutamic acid, L-glutamine, glycine, L-leucine,
L-lysine, L-methionine, L-histidine, L-valine in concentrations of 0.001 M. The filtrate water

70 extract of live Daphnia (5 g L�1) and clean water were used as positive and negative controls,
respectively.

The experiment was conducted in rectangular aquaria (75�40�50 cm) filled with fresh
water to a depth of 40 cm. Two glass bottles were mounted 40 cm above water level. One
bottle was filled with clean water (negative control) and the other with a test solution. Both

75 bottles were supplied by plastic tubes that fed into two parallel compartments of the
aquarium. During the trial, the test solution and clean water flowed into a different
compartment for 3 min at a constant rate (0.3 L min�1). The spreading pattern of the test
solution in the aquarium was estimated by the use of a dye solution (methylene blue).

2 V. A. J. Shamushaki et al.
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Before each trial, 10 fish were carefully transferred from a common basin to the
80 experimental aquarium. Acclimation lasted 15 min. The intensity of the fish responses was

scored from 0 to 3 in a ‘‘qualitative assessment’’, in which we analysed the disturbance induced
by the solutions to swimming, the ability of fish to localise the compartment containing test
solutions, and the behavioural patterns displayed (Kasumyan and Kazhlaev 1993).

Scores were defined as follows:

85 0. no response; fish do not change their normal (‘‘background’’) behaviour.
1. weak response; 1–3 fish sank to the bottom showing a weak searching behaviour; they

swam along circular and S-shaped trajectories, or in loops, and executed 1–3 bottom
snaps (Figures 1 and 2).

2. moderate response; 3–6 fish sank to the bottom showing searching behaviour and
90 executing 3–6 bottom snaps in proximity to the compartment containing the test

solution; swimming velocity increased.
3. strong response; 7–10 fish showed searching behaviour and executed numerous repeated

bottom snaps; fish were concentrated in proximity to the compartment containing the
test solution.

95 The attractiveness of the test solution was assessed by counting the numbers of fish
occurring in one of the two equal parts of the experimental aquarium containing either test
solutions or clean water (‘‘quantitative assessment’’). The number of fish was counted every
30 sec after the start of each trial.

Ten replicates were run for each test solution and for the control. All data were checked
100 by Kolmogorov- Smirnov and Shapirowilk tests of normality. A t-test and a one way

ANOVA were used to analyse quantitative and qualitative data, respectively.

Results

The background behaviour of the Persian sturgeon juveniles consisted in a monotonous
swimming through the aquarium in surface, middle and bottom water layers. The injection

Figure 2. Bottom snaps in sturgeon juveniles.

Figure 1. Fish swimming along bottom food searching trajectories.

Response of sturgeon to amino acids 3
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105 of Daphnia extracts evoked strong and well pronounced responses, fish sinking to the
bottom and crowding into the area where food odour concentrated (Figure 3). Searching
behaviour of juveniles was the same as in the juveniles of the other sturgeon species so far
studied (Kasumyan 1999). Fish hovered close to the bottom, trailing the barbels on the
bottom surface and moving along searching trajectories. The size of these trajectories is

110 similar to the fish body length. The sturgeon’s head oscillated along a horizontal plane,
thereby enabling fish to inspect a wide area. The vigorous and numerous bottom snaps were
also clear responses.

Response differed among the 20 amino acids tested (n¼ 10 for each treatment,
F-value¼ 15.168, p¼ 0). The strongest response was displayed in the presence of alanine

115 and glycine, although they evoked a weaker bottom food searching than Daphnia water
extracts. Feeding behaviour was also evoked by several other amino acids, such as leucine,
histidine, cysteine, isoleucine and proline but their effects were significantly weaker than
alanine and glycine (Figure 4).

Daphnia extracts and the above-mentioned solutions strongly attracted the juveniles.
120 In fact, injection of these substances into the aquarium induced a delay of fishes on the half

of the aquarium containing these solutions, whereas the responses to aspartic acid, tyrosine
and glutamic acid were negative. 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
(Table I). Glutamic acid evoked the highest negative effect (p < 0.01). According to these

125 results, alanine and glycine can be considered as attractants and glutamic acid as repellent
for the Persian sturgeon juveniles.

Discussion

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

130 amino acid solutions was mediated by olfaction as in many other species, including various
acipenserids (Kasumyan 2002).

(a)

(b)

Figure 3. Scheme of sturgeon bottom food searching behaviour: (a) beginning of the response;
(b) the maximum of the response.

4 V. A. J. Shamushaki et al.
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Figure 4. The intensity of attractive responses to free amino acid (0.001 M) solutions by the
Persian sturgeon juveniles (responses to the amino acids labelled with common letters were not
significantly different).

Table I. Responses of Acipenser persicus juveniles to free amino acids: frequency of juveniles (%) occurring in the
compartment containing solutions (n¼ 10).

Duration of exposure (sec)
!Free amino acids# 30 60 90 120 150 180 Mean

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
Alanine 57 53 56 49 47 54* 52.67
Isoleucine 49 39 42 48 43 52 45.5
Prolin 58 49 54 60* 47 59** 54.5
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
Serine 58* 43 42 52 45 43 47.17
Cysteine 55 49 49 44 54 51 50.33
Phnylalanine 44 56 47 38 34* 38 42.83
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
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
Histidine 58* 52 49 47 48 54 51.33
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

*p < 0.05, **p < 0.01.

Response of sturgeon to amino acids 5
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Two amino acids, alanine and glycine, were highly effective in releasing food searching
behaviour in Persian sturgeon. They induced behavioural responses in other Acipenseridae,
i.e. in Russian sturgeon Acipenser gueldenstadtii, Siberian sturgeon A. baerii, green sturgeon

135 A. medirostris, stellate sturgeon A. stellatus, and beluga Huso huso (Kasumyan and Taufik
1994; Kasumyan 1999). Our results may indicate a slight species-specificity of the olfactory
spectrum, but studies on the North America species of genus Acipenser and Scaphirhynchus

are needed to confirm this suggestion.
Finally, our results showed for the first time that free amino acids can have not only an

140 attractive but also a repellent effect, confirming that free amino acids may regulate several
aspects of fish behaviour.
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