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Abstract—Taste preferences for the extract of Chironomidae larvae (175 g/l) and four L-amino acids (0.1 M)
causing various behavioral responses (stimulating, alanine; indifferent, glutamine and proline; deterrent, phe-
nylalanine) were determined in 49 adult minnows Phoxinus phoxinus. It was found that individual average con-
sumption of the same types of food pellets, including control ones, significantly differ, and for pelletswith ala-
nine, glutamine, and chironomids extract, encompass the whole range of possible values. The difference of indi-
vidual average consumption values from the group value did not exceed +10 standard deviation in most
individuals. In 11% of cases, these average values differed by more than afactor of two. For most types of food
pellets, the number of individual fish, behavioral responses of which significantly (p < 0.05) differed from the
whole group average, did not exceed 15%, and only in the case of pellets with alanine and chironomid extract
did this value reach 43 and 53%. The difference of individual average from the whole group average equally
involved both increase and reduction in pellet consumption. Significant deviation of consumption of one type
of pellet in certain individuals was not accompanied by similar deviationsin the consumption of other types of
pellets, pointing to individual patterns of taste preferences. The coefficient of variation of individual average
values showed a negative correlation with the whole group average consumption of the pellets. The duration of
the retention of the food pellet in the oral cavity during the first snap and during the whole experiment had rel-

atively weaker individual variability.

Feeding is extremely diverse in fishes. The food
spectraof many speciesinclude up to several dozens or
even hundreds of food organisms (Martell and McClel-
land, 1994). The differences in feeding are especially
pronounced between sympatric species (Svéardson,
1976; Sarno et al., 1994; Haugen and Rygg, 1996). In
addition to between-species differences, there are dif-
ferences in the objects of feeding between individuals
of the same species inhabiting the same water body
(Allen, 1941; Smagula and Adelman, 1982; Zerba and
Collins, 1992; Bridcut and Giller, 1995; Gu et al., 1997;
Schindler et al., 1997; McLaughlin et al., 1999; Beau-
doin et al., 1999; Vander Zanden et al., 2000) or when
the fish are kept in captivity (Bryan and Larkin, 1972;
Ringler, 1985).

All sense organs are involved in selecting the food
objects. However, the decision whether to swallow the
food item or reject it is formed mainly on the basis of
the information from intraoral receptors, mostly taste
(Kasumyan, 1997). It is accepted that the selective con-
sumption of the most appropriate food and the diver-
gence of food spectra between sympatric species
depends on the high species specificity of taste prefer-
ences. The significance of taste reception in these pro-
cesses is supported by an absence of any significant
effect of individual taste experience to the taste prefer-
ences (Kasumyan and Morsi, 1997). Regardless of the
high level of genetic determinism of taste preferences,
they depend on external factors, such as the water tem-

perature and feeding motivation, affecting the immedi-
ate state of the fish and its physiological status
(Kasumyan et al., 1993; Kasumyan, 1997). We first
obtained the data on significant individual differences
(in individuals of the same age) of the carp Cyprinus
carpio responses to the taste of stimulating substances,
increasing the consumption of artificial food. This
pointed to the existence in fish of individual patterns of
taste preferences (Kasumyan, 2000). The aim of this
paper was the assessment of individual variability of
taste preferences and the behavioral response of fish to
various kinds of taste substances: stimulating, deter-
rent, and indifferent.

MATERIALS AND METHODS

The study was conducted on 49 adult minnows
Phoxinus phoxinus with the average total length (TL)
6.5 cm and weight 2.2 g. The fish were caught in the
Chesmena River (Moscow oblast) and, for three
months before the experiments, were kept in common
aguariums (100 I). Five—seven days before the experi-
ments, the fish were transferred into individual agquari-
ums (5 1) and trained to take artificial food pellets made
of agar-agar gel (2%) and containing water extract of
typical food (Chironomidae larvae). The concentration
of the extract was 175 g/l. The experiments began after
the training. We introduced a single pellet into the
aquarium and recorded the number of snaps of the pel-
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Table 1. Taste responses of minnows to pellets with amino acids and extract of Chironomidae (M £ m)

Retention time

simuus | Concen- | Consumption | EECRLIEE | Number . of exper-
tration, M | of pellets, % ness. % of snaps after during the whole ments
» 70 thefirst snap |  experiment

L-alanine 0.1 | 455+ 45*** 46 1.2+01 4.5+ 0.2x** 4.9+ 0.2%** 490
L-glutamine 01 | 208+32 10 11+01 34+0.2 36+0.2 490
L-proline 01 | 182+3.0 3 1.2+01 3202 37+0.2 490
L-phenylalanine 0.1 3.3+ 1.2%** —68 11+01 2.1+ 0.1%** 2.3+ 0.1%** 490
Chironomidae 175 61.4 £ 4.3*** 56 12+£01 4.1+ 0.1%** 46+ 0.2%* 490
extract
Control - 171+ 28 12+01 31+02 35+x02 490

Note: The concentration of chironomid extract is expressed in g/l; Significance of differences from the control: * p < 0.05; ** p < 0.01;

*%% 1 < 0,001,

let before it was swallowed by the fish or finaly
rejected. Also, werecorded the duration of the retention
of the pellet in the mouth cavity after the first snap and
during the whole experiment. For quantitative assess-
ment of the taste preferences of substances contained in
the pellet, we calculated the proportion (%) of swal-
lowed pellets in the total number taken up. The cylin-
drica pellets (length 4.0 mm, diameter 1.35 mm) with
various taste substances were given in a random
sequence. The rejected pellets were removed from the
aguarium immediately after the experiment. As the
taste substances, we used free amino acids L-alanine,
L-glutamine, L-proline, and L-phenylalanine (al in the
concentration 0.1 M). Their choice was based on results
of preliminary experiments. Amino acids and the
extract of Chironomidae were introduced into the gel
during its preparation. Also, astain (Ponceau 4R 5 uM)
was added to the gel during its preparation. The control
pellets contained only the stain. The experimental pro-
cedures, fish maintenance, and preparation and keeping
of pellets are described in detail elsewhere (Kasumyan
and Morsi, 1996).

We conducted 10 experiments with each individual
fish with al types of food pellets. The overall number
of experiments was 29 400. The statistical analysis of
the results included the x?-test and the Student’s t-test.
The relationship between separate measures was
assessed with the Spearman rank correl ation coefficient
(ro). The caculation of mean values included the indi-
vidua mean and the group mean, calculated on the
basis of individual means. Because all individuals were
tested an equal number of times, the group mean corre-
sponded to the overall mean, obtained if all responses
were collapsed into the same sample.

RESULTS

Alanine had the most attractive taste for minnows
among all amino acids used: 223 of 490 presented and
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taken pellets were swallowed. The consumption of pel-
lets with alanine was almost three times higher than the
control pellets, but lower than pellets with extract of
Chironomidae larvae. Phenylalanine had the opposite
effect: the presence of this amino acid in the pellet
caused a significant reduction of its consumption.
Glutamine and proline had an indifferent taste for min-
nows. Pellets with an attractive taste (alanine, Chirono-
midae extract) were retained by the fish in the mouth
cavity for alonger time than control pellets or pellets
with glutamine and proline. The retention time of pel-
lets with phenylalanine was the shortest. The average
number of snaps of the pellets was relatively low in
experiments with al kinds of pellets (Table 1).

The range of individual mean consumption reached
the maximum possible values, from 0 to 100%. This
rangewas lower for pelletswith proline, phenylaanine,
and control pellets (Table 2). Out of 49 individual min-
nows, 16 and 25 fish showed a significant preference of
alanine and Chironomidae extract, respectively. The
consumption of these pellets by other individuals did
not significantly differ from the consumption of control
pellets. The number of fish with significant responsesto
pellets with glutamine and proline, indifferent for the
minnow, was significantly lower, two and three, respec-
tively. These responses, with the exception of the
response to proline in one fish (minnow 6), were posi-
tive. Responses to pellets with phenylaanine was neg-
ative in six individuals. In the other 43 fish, the con-
sumption of pellets with this amino acid did not differ
significantly from the consumption of control pellets
(Table 2).

The coefficient of variation of individual mean val-
ues of pellet consumption depended on the group con-
sumption mean: the less actively the pellets were swal-
lowed, the higher theindividual variability intaste pref-
erencesto thiskind of pellet (Fig. 1a). Variation of such
measures of the behavioral taste response as the dura-
tion of the pellet retention in the mouth cavity after the
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Table 2. Individual mean consumption (%) of pellets with L-alanine (0.1 M), L-glutamine (0.1 M), L-proline (0.1 M),
L-phenylaanine (0.1 M), extract of Chironomidae larvae (175 g/l), and control pellets

Individual

Chironomidae

number Alanine Glutamine Proline Phenylalanine extract Control
1 100*** 100*** 60.0 + 16.3* 0 100* ** 10.0+ 10.0
2 100** 30.0+15.3 30.0+15.3 o* 100* 40.0+ 16.3
3 100** 20.0+13.3 40.0+ 16.3 20.0+13.3 60.0 + 16.3 50.0 + 16.7
4 100* ** 40.0+ 16.3 60.0 £ 16.3 10.0+ 10.0 100*** 20.0+ 133
5 90.0 £ 10.0 50.0 £ 16.7 60.0 + 16.3 o** 100** 50.0 £ 16.7
6 90.0 + 10.0* 30.0+15.2 o* o* 60.0 + 16.3 40.0+ 16.3
7 90.0+10.0*** | 20.0+ 133 60.0 + 16.3** 0 90.0 £ 10.0*** 0
8 90.0 £ 10.0 40.0+ 16.3 70.0+15.3 10.0 £ 10.0* 100* 60.0 = 16.3
9 80.0+13.3 20.0+13.3 40.0+ 16.3 50.0+ 16.7 40.0+ 16.3 50.0 £ 16.7
10 80.0 + 13.3** 0 10.0+ 10.0 0 70.0 + 15.2* 20.0+ 133
11 80.0 £ 13.3** 0 200+13.3 10.0+10.0 100*** 20.0+13.3
12 80.0+13.3*** | 20.0+13.3 10.0+10.0 0 70.0 £ 15.2** 0
13 70.0 £ 15.2** 30.0+£15.2 10.0+ 10.0 0 30.0+£15.3 10.0+10.0
14 60.0 = 16.3 40.0+ 16.3 40.0+ 16.3 0 60.0 = 16.3 30.0+15.2
15 60.0 + 16.3 10.0£10.0 0 0 30.0+15.2 20.0+13.3
16 50.0 + 16.7 0 20.0+£ 133 0 10.0+ 10.0 30.0+15.2
17 50.0 £ 16.7 80.0+13.3 50.0 + 16.7 10.0 £ 10.0** 100 80.0+13.3
18 50.0 + 16.7 40.0+ 16.3 10.0+10.0 10.0+10.0 100*** 20.0+13.3
19 50.0 + 16.7 30.0+15.3 20.0+£ 133 0 70.0+15.2 30.0+15.3
20 50.0 £ 16.7 0 0 0 30.0+15.2 20.0+13.3
21 50.0 + 16.7 40.0+ 16.3 0 0 100*** 20.0+13.3
22 50.0 £ 16.7** 10.0+ 10.0 10.0+ 10.0 0 30.0+15.2 0
23 50.0 + 16.7** 0 0 0 60.0 + 16.3* 0
24 40.0+ 16.3 30.0+15.2 40.0+ 16.3 10.0+10.0 30.0+15.3 20.0+13.3
25 40.0+ 16.3 10.0+ 10.0 30.0+£15.3 10.0+ 10.0 90.0+£10.0** | 20.0+13.3
26 40.0 + 16.3* 20.0+13.3 30.0+15.3 0 40.0 + 16.3* 0
27 40.0+ 16.3 0 10.0+10.0 0 100*** 10.0+£10.0
28 40.0 + 16.3* 0 0 0 0 0
29 40.0 + 16.3* 10.0£10.0 0 0 60.0 + 16.3** 0
30 40.0 + 16.3* 0 200133 0 60.0 + 16.3** 0
31 40.0+16.3 70.0+15.3**| 20.0+13.3 0 100*** 10.0+£10.0
32 30.0+15.3 0 0 0 30.0+15.3 0
33 30.0+15.2 0 20.0+13.3 10.0+10.0 20.0+13.3 30.0+15.2
34 30.01+15.3 30.0+15.3 0 10.0+10.0 90.0+10.0***| 10.0+ 10.0
35 20.0+13.3 10.0+£10.0 10.0+10.0 0 20.0+13.3 0
36 200+13.3 30.0+15.3 0 0 60.0 + 16.3 20.0+13.3
37 20.0+13.3 30.0+15.3 0 0 40.0+ 16.3 10.0+10.0
38 200+13.3 0 0 0 60.0 + 15.2** 0
39 20.0+13.3 10.0+£10.0 0 0 60.0 + 16.3** 0
40 20.0+13.3 50.0 £ 16.7 60.0+16.3 0 60.0 = 16.3 20.0+13.3
41 10.0£10.0 10.0+£10.0 0 0 30.0+15.2 0
42 10.0+£10.0 200+13.3 10.0+10.0 o** 80.0+13.3 50.0 £ 16.7
43 10.0+£10.0 30.0+15.3 0 0 100* ** 0
a4 0 0 10.0+10.0 0 50.0 + 16.6 20.0+13.3
45 0 0 0 0 60.0 + 16.3** 0
46 0 0 0 0 10.0+10.0 0
47 0 10.0£10.0 10.0+10.0 0 20.0+13.3 0
48 0 0 0 0 70.0 £ 15.3** 0
49 0 0 0 0 60.0 + 16.3** 0
M+m 455+ 45 208+3.2 18.2+3.2 33x12 61.4+43 171+28
Variation range 0-100 0-100 0-70 0-50 0-100 0-80
o 31.2 222 212 83 30.1 19.3
CV, % 68.6 108.2 117.2 253.1 49.1 112.3

Note: M £ m, arithmetic mean of individual means (group mean) and its standard error; g, standard deviation; CV, coefficient of variation;
Significance of differences with respect to the responses of the fish to control stimuli: * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 3. Individual mean retention time (s) of pellets with L-alanine (0.1 M), L-glutamine (0.1 M), L-proline (0.1 M),
L-phenylalanine (0.1 M), extract of Chironomidae larvae (175 g/l), and control pellets after the first snap

Individual

Chironomidae

number Alanine Glutamine Proline Phenylalanine extract Control
1 52+04 51+05 46+0.7 2.0+ 0.2%** 3.3+0.3* 53+0.7
2 6.0 £ 0.6* 39+07 36+06 17+04 44+0.3 36+09
3 6.2+ 0.5* 47+09 44+0.7 3.8+0.7 40+05 44+05
4 59+ 1.0** 5.7+ 0.8*** 5.8+ 0.8*** 3.3+ 0.5* 3.0+0.3* 1.8+03
5 6.9 + 0.6* 6.2+1.1 45+0.7 1.3+ 0.2%** 48+ 0.6 46+0.8
6 6.2+ 0.7* 3.1+05 2.3+ 0.3** 2.3+0.3** 50+0.8 42+05
7 7.3+ 1.2%* 49+ 1.1 4.6+0.8* 34+0.8 4.6+ 0.6%* 24+04
8 56+0.5 53+0.9 6.5+1.0 42+0.9 47+04 6.6+ 1.0
9 6.4+ 0.6 39+0.6 50%09 47+0.7 3.6+0.3* 5.8+ 0.8
10 55+0.5 32+03 28+04 19+02* 23+0.2* 40+0.7
11 7.1+0.9* 1.8+0.2 31+04 1.8+05 47+05 33+x11
12 5.9+ 0.8*** 3.9+ 0.6** 4.1+ 0.8** 19+0.2 41+ 0.5%* 17+03
13 45+ 0.8* 32+09 26+0.3 15+0.3 41+07 23+05
14 4.8+ 0.5* 3.7+09 36+0.38 14+0.3* 32+04 29+06
15 6.5+ 0.9 35+0.8 1.7 £0.3** 27+05 40+0.6 3.8+0.7
16 5.2+ 0.7%** 1.6+02 25+ 04* 18+0.2 33+04 29+ 0.6
17 47+ 1.1* 55+ 0.8* 57+13 3.3+ 0.5%** 3.2+ 0.2%** 9.0+1.2
18 6.0+ 0.8* 46+0.6 3.0+07 3.3+10 36+04 3507
19 39+0.6 53106 3.6+06 1.1+0.2%** 46+0.3 49+0.6
20 43+0.9 1.7+£02* 23+ 06 17+£02* 23+04 42+0.9
21 50+0.7 47+0.8 3.1+03 23+04 47+04 3.7x06
22 52+ 0.7%** 26+04 29+0.7 3.1+07 3.7+ 0.5%* 19+02
23 41+09 1.7+05 25+04 19+0.2 5.2+ 0.5%** 24+0.3
24 35+05 29+05 42+0.8 20106 3.7+02 35+05
25 29+05 27104 39+05 22+08 27+02 3.3+04
26 3.1+0.6* 35+09 3.6+0.7* 18+0.3 4,9+ 0.7%** 15+0.3
27 33+05 26104 28105 15+02 49+05* 23109
28 36+0.7 1.7+£02 23103 15+01 22+ 04* 23104
29 3.6+0.7* 3.0+0.8 24+0.2 14+02 4.0+ 0.3%** 18+04
30 3.8+ 0.6%** 2.4+ 0.2%* 2.4+ 04* 16101 5.8+ 1.2** 14+01
31 46+0.9 51+1.2 29+ 0.6 3.0+04 5.5+ 0.4** 3.0+05
32 45+ 0.9** 3.5+ 0.4*** 3.1+ 0.2%** 1.2+02 3.9+0.7%* 16+£0.1
33 47+0.8 1.9+ 0.3** 3610 1.7 £0.3*** 3705 50%0.8
34 3.8+0.9 39+11 23+0.2 2305 4.2+ 0.4* 22+07
35 4.0+ 0.8** 27+06 31+08 14+0.2 4.7 £ 0.8** 14+0.2
36 36+13 21+04 25+0.3 21+03 4,9+ 0.6** 27+05
37 48+1.0 49+0.9 1.8+0.3 18+0.3 42+0.7 3407
38 3.8+ 0.6** 24+0.3 19+0.2 18+0.1 6.0+ 1.0%** 16+0.2
39 2.8+ 0.5* 22104 24+05 15+02 3.1+05* 17+02
40 34+04 42+06 5.1+0.8* 1.2+ 0.1%** 48+0.9 3.1+03
41 3.2+0.7* 3.4+0.8* 23107 15+02 4.8+ 0.9** 14+01
42 35+0.9 3.0+0.8 3.4+08 19+03* 46+0.7 59+15
43 3.3+0.8 3.8+0.9 28+0.8 3.0+08 32+0.2 23+05
44 21+03 21+0.3 24+05 21+04 59+ 0.3** 3.3+07
45 37+03 26+0.3 23%0.2 1.4+ 0.1%** 4.6+ 0.5%* 28+0.3
46 21+0.2 1.8+0.2 14+02 11+£0.1* 20+0.2 1.8+0.2
47 22+03 28+0.8 34104 17+0.2 32+05 24+0.3
48 28+05 1.8+0.2 26+04 14+0.2 59+ 1.1*%* 21+04
49 33+08 1.7+05 3.3+06 14+0.1* 5.0+ 0.8* 25+04
M£m 45+0.2 34+02 3.3+0.2 21+01 41+01 32+0.2
Variation range 2.1-7.3 1.6-6.2 1465 1.1-47 2.0-6.0 1.4-9.0
c 14 13 11 09 0.9 16
CV,% 304 37.8 34.6 41.0 24.1 49.7

Note: see noteto Table 2.
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Table 4. Individual mean retention time (s) of pellets with L-alanine (0.1 M), L-glutamine (0.1 M), L-proline (0.1 M),
L-phenylaanine (0.1 M), extract of Chironomidae larvae (175 g/l), and control pellets for the whole experiment

Individual

Chironomidae

number Alanine Glutamine Proline Phenylalanine extract Control
1 52+04 51+05 48+ 0.7 22+ 0.3** 3.3+£0.3* 54+0.8
2 6.0+ 0.6 42+0.7 43+0.7 18+0.5* 45+0.3 6.0+15
3 6.2+ 05 49+10 4.7+ 0.7 53+13 40+ 05 48+ 0.6
4 8.0+ 0.6%** 5.9+ 0.7** 6.6 £ 0.8%** 42+08 3.0+£03 28+0.6
5 6.9+ 0.6 6.2+11 53+06 1.3+ 0.1*** 49+0.7 58+ 0.7
6 6.4+ 0.8* 4.7+0.9 25+ 0.3** 25+0.3* 6.1+08 42+ 05
7 75+1.1* 57+12 53+0.8 35+09 50+0.7 39+07
8 6.2+0.2 6.3+ 0.9 75+11 4.8+ 0.9* 4.7 £ 0.4** 7.7+0.7
9 6.4+ 0.6 39+06 6.0+ 09 47+0.7 39+0.3* 58+0.8
10 58+05 32+03 49+14 20+0.3* 25+02 40+ 0.7
11 72+10 27+06 44+0.7 22+05 47+05 43+1.1
12 6.9+ 0.8* 45+ 0.7 56+0.8 20+0.3 4,1+ 0.5** 33+10
13 6.1+ 0.5* 42+0.8 34+06 15+03 4.7+0.7 35+10
14 4.8+ 0.5* 41+0.9 58+1.1 22+04 36+04 33+06
15 6.8+ 0.8 35+08 17+0.3* 27+05 4.7+ 0.6 45+10
16 52+ 0.7%* 1.6+0.2* 26+0.3 18+0.2 3.3+04 33106
17 47+ 1.1* 55+ 0.8* 6.4+12 3.8+ 0.8** 3.2+ 0.2%** 9.0+12
18 6.0+ 0.8 4.6+ 0.6 3.0+07 33110 36+04 41+09
19 43105 53+06 36+06 1.1+0.2%** 46+0.3 51+06
20 45+0.8 1.7+0.2* 23+06 17+0.2* 3.7+07 42+09
21 51+0.7 4.7+0.8 31+03 23+04 47+04 3.7+06
22 55+ 0.6*** 26+04 33+09 33108 4.0+ 0.4*** 21+02
23 6.1+ 0.8*** 1.7+05 28+0.3 19+0.2 6.4+ 0.3*** 24+0.3
24 35+05 36+06 46+0.7 20+06 3.7+02 3.7+06
25 30+£05 34+04 41+05 24+08 2.7+ 0.2%* 44+ 05
26 3.6+0.8* 35+09 4.0+ 0.6** 1.8+0.3 4,94 0.7%** 15+0.3
27 35+05 32+07 28+05 15+0.2 49+ 0.5* 23109
28 4.4+ 0.5** 21+02 23+0.3 15+0.1 34+07 23+04
29 4.4+ 0.5** 3.0+£08 24+0.2 14+0.2 4.3+ 0.3*** 18+04
30 5.0+ 0.6*** 2.4+ 0.2%* 2.6+ 04* 16+0.1 6.4+ 1.0%** 14+0.1
31 55+ 0.8* 53+11 4.1+0.7 30+04 55+ 0.4** 31+05
32 45+ 0.9** 3.5+ 0.4*** 3.1+0.2%** 12+0.2 4.4+ 0.7%* 16+0.1
33 47+0.8 19+0.3** 42+10 22+ 04** 3.7+05 50+0.8
34 42+10 42+11 25+0.2 23105 4.3+ 0.3* 27+0.7
35 4.0+ 0.8** 27+06 31+08 14+0.2 4.9+ 0.8*** 14+0.2
36 39+1.2 35+10 25+0.3 21+03 5.4+ 0.4** 32+05
37 55+1.0 49+0.9 18+0.3 22+05 42+0.7 3407
38 4.6 £ 0.8** 25+04 19+0.2 18+0.1 6.9+ 0.8*** 16+0.2
39 3.4+0.6* 22104 26+05 22+0.2 5.9+ 0.8*** 18+0.2
40 49+08 50+ 06 6.7 + 1.0* 12+ 0.1%** 54+0.7 37+04
41 33+0.7* 35+£0.7* 24+0.7 15+0.2 5.6+ 0.7%** 14+0.1
42 36+08 3.0+ 0.8* 35+08 26+0.7* 54+ 04 70+16
43 45+ 0.7* 39+09 31+08 32+09 32+02 23105
44 21+03 23104 24+05 21+04 59+ 0.3** 3.3+0.7
45 3.7+03 26+0.3 23102 14+ 0.1*** 4.7 £ 0.5** 30+£03
46 21+0.2 1.8+0.2 14+0.2 11+0.1* 26+04 23105
47 26+04 28+0.8 71+28 17+0.2 3.8+ 0.5* 24+0.3
48 3407 1.8+0.2 26+04 14+0.2 7.4+ 0.8%** 22+04
49 51+10* 1.7+05 34+06 14+0.1* 6.4+ 0.6*** 25+04
M+m 49+0.2 36+02 3.7+02 23102 46+0.2 36+0.2
Variation range 2.1-8.0 1.6-6.3 1.4-75 1.1-53 26-74 1490
(o) 14 13 15 10 1.1 1.7
CV, % 28.2 36.7 414 44.6 249 47.6
Note: See Noteto Table 2.
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Table 5. Individual mean number of snaps of pelletswith L-alanine (0.1 M), L-glutamine (0.1 M), L-proline (0.1 M), L-phe-
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nylalanine (0.1 M), extract of Chironomidae larvae (175 g/l), and control pellets

Individual

Chironomidae

number Alanine Glutamine Proline Phenylalanine extract Control
1 1.0+0.0 1.0+0.0 11+0.1 12+0.1 1.0+0.0 11+01
2 1.0+£00 11+01 1.3+03 11+01 11+01 1.7+£03
3 1.0+£00 11+01 11+01 1.3+03 1.0+£00 11+01
4 1.6+02 1.3+02 14+02 1.2+0.1 1.0+£00 13+02
5 1.0+0.0 1.0+0.0* 12+0.1 11+01 11+01 16+0.3
6 11+0.1 1.7+0.3* 11+0.1 11+0.1 15+0.3 1.0+£0.0
7 11+0.1 14+0.3 1.3+03 11+0.1 12+0.1 1.7+0.3
8 1.3+03 15+02 12+01 1.3+0.2 1.0+£00 14+02
9 1.0+£0.0 1.0£00 12+01 1.0+£0.0 11+01 1.0£00
10 11+01 1.0£00 15+0.3* 11+01 11+01 1.0£00
11 11+01 15+0.3 1.8+0.3 12+0.1 1.0+0.0 14+0.2
12 1.4+0.2 15+0.3 20+04 11+01 1.0+0.1* 19+05
13 15+0.2 15+0.3 13+0.2 1.0+0.0 12+0.1 14+03
14 1.0+£00 11+01 1.8+04 1.6+03 11+01 12+01
15 11+01 1.0£00 1.0£00 1.0+£0.0 12+01 11+01
16 1.0+£0.0 1.0£00 11+01 1.0+£0.0 1.0+£00 12+01
17 1.0+0.0 1.0+0.0 12+0.1 12+0.1 1.0+0.0 1.0+0.0
18 1.0+0.0 1.0+0.0 1.0+0.0 1.0+0.0 1.0+0.0 11+01
19 11+01 1.0+0.0 1.0+£0.0 1.0+0.0 1.0+0.0 11+01
20 11+01 1.0£00 1.0+£00 1.0+£0.0 14+£02 1.0£00
21 11+01 1.0£00 1.0£00 1.0+£0.0 1.0+£00 1.0£00
22 1.3+02 1.0£00 12+01 11+£01 11+01 11+01
23 16+0.3 1.0+0.0 11+0.1 1.0+0.0 1.3+0.2 1.0+0.0
24 1.0+0.0 11+0.1 11+0.1 1.0+0.0 1.0+0.0 11+01
25 11+0.1 14+0.3 11+0.1 11+0.1 1.0+0.0 16+0.3
26 11+01 1.0£00 11+01 1.0+£0.0 1.0+£00 1.0£00
27 11+01 1.3+£02 1.0£00 1.0+£0.0 1.0+£00 1.0£00
28 15+02 13+£02 1.0£00 1.0+£0.0 15+03 1.0£00
29 15+0.2 1.0+0.0 1.0+0.0 1.0+0.0 11+0.1 1.0+£0.0
30 1.7+0.3* 1.0+0.0 11+0.1 11+0.1 1.3+0.2 1.0+0.0
31 1.7+03 11+0.1 15+0.2 1.0+0.0 1.0+0.0 11+01
32 1.0+£00 1.0£00 1.0£00 1.0+£0.0 12+01 1.0£00
33 1.0+£00 1.0£00 12+01 1.2+0.1 1.0+£00 1.0£00
34 11+01 12+01 11+01 1.0+£0.0 11+01 13+02
35 1.0+£0.0 1.0+0.0 1.0+00 1.0+0.0 11+0.1 1.0+0.0
36 11+01 14+03 1.0+0.0 11+0.1 12+0.2 1.3+0.3
37 11+01 1.0+0.0 1.0+0.0 12+0.1 1.0+0.0 1.0+0.0
38 1.3+03 11+01 1.0£00 1.0+£0.0 1.3+02 1.0£00
39 15+03 1.0£00 12+01 14+02 2.3+ 0.5* 11+£01
40 15+03 14+£03 14+03 1.0+£0.0 14+£03 13+02
41 11+01 11+0.1 11+01 1.0+0.0 15+03 1.0+0.0
42 11+0.1 1.0+£0.0 11+0.1 12+0.1 12+0.1 12+0.1
43 2.1+04* 11+0.1 1.3+0.2 11+0.1 1.0+0.0 11+0.1
44 1.0+£0.0 13+02 1.0£00 11+01 1.0+£00 1.0£00
45 1.0+£00 1.0£00 1.0£00 1.0+£0.0 11+01 11+01
46 11+01 1.0£00 1.0£00 1.0+£0.0 14+02 15+04
47 12+0.1 1.0+0.0 13+0.2 1.0+0.0 1.3+0.2 1.0+0.0
48 15+03 1.0+0.0 1.0+£0.0 11+01 16+0.3 11+01
49 15+0.2 1.0+0.0 11+0.1 1.0+0.0 15+0.2* 1.0+0.0
M+m 1.2+£0.04 1.1+£0.03 1.2+0.03 1.1+£0.02 1.2+0.03 1.2+0.03
Variation range 1.0-2.1 1.0-17 1.0-2.0 1.0-21 1.0-23 1.0-19
o] 0.3 0.2 0.2 0.1 0.2 0.2
CV, % 20.9 16.8 19.2 114 20.4 19.6

Note: See Noteto Table 2.
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first snap and during the total experiment was signifi-
cantly lower than the consumption of pellets (Tables 3
and 4). The dependence of the variation of these mea-
sures on the taste attractiveness of the substance had the
same pattern (Fig. 1b). The coefficients of variation of
the number of snaps ranged for pellets of various kinds
in anarrow interval from 11.4 to 20.9 and had no relation
with the taste attractiveness of the substance (Table 5).

Correlation analysisin most cases revealed asignif-
icant positive relationship between the consumption of
various kinds of pellets by the fish (Table 6). However,
the responses of certain individuals to certain sub-
stances could differ drastically. For example, the con-
sumption of pellets with glutamine and chironomid
extract by minnow 31 was, respectively, three and two
times higher than the group mean, whereas the con-
sumption of pellets with alanine, proline, phenylaa-
nine, and control pellets did not differ significantly
from the group mean. The high preference of aanine,
proline, and chironomid extract by minnow 7 (2, 3, and
1.5 times higher than the group mean) was accompa-
nied by a reduced consumption of control pellets or
close to the group average consumption of pellets with
glutamine and phenylalanine. The inconsistent con-
sumption of various kinds of pellets was characteristic
of many other individual minnows (Table 2). Individual
differences in the responding of the fish to pellets were
conspicuous also during the analysis of the data on the
retention time and the number of snaps (Tables 3-5).

For guantitative assessment of the proportion of fish
which deviatein their taste preferences, we counted the
number of fish in which the consumption of pellets dif-
fers from the group mean by multiple standard devia-
tions (because of certain characteristics of the data dis-
tribution, we did not conduct such computations for
phenylalanine) (Table 7). For most fish, the deviations
from the group mean did not exceed one standard devi-
ation. The number of such fish was especially high in
experiments with indifferent for the minnow amino
acids glutamine and proline, as well as in experiments
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Fig. 1. The relationships between the coefficient of varia-
tion of the (&) consumption and (b) retention time of pellets
and their taste attractiveness. Solid line and squares are the
retention time of the pellet during the whole experiment.
Broken line and triangles are the retention time at the first
snap. (1) phenylaanine; (2) control pellets; (3) L-proline;
(4) L-glutamine; (5) L-alanine; (6) Chironomidae extract.

with control pellets. The number of deviating fish can
be expressed in percents of the group mean. As Table 8
shows, individual means of most fish did not differ
from the group mean by more than 50%. The propor-
tion of fish in which this difference exceeds 100% is
small (for most kinds of pellets, 0—14% of all fish stud-
ied). However, for pellets with proline, the proportion
of such fish isabout 22%, and in experiments with phe-

Table 6. Values of the Spearman correlation coefficient between the consumption of pellets with L-alanine (0.1 M),
L-glutamine (0.1 M), L-proline (0.1 M), L-phenylalanine (0.1 M), extract of Chironomidae larvae (175 g/l), and control pellets

Stimulus Glutamine Proline Phenylalanine Control Chi g)(?roécnt' dae
Alanine 0.40** 0.55*** 0.30* 0.50*** 0.37*
Glutamine 0.48*** 0.21 0.45** 0.50%**
Proline 0.44** 0.53*** 0.33*
Phenylalanine 0.49*** 0.22
Control 0.30*

Note: Significance: * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 7. The number of minnows differing by individual mean consumption of pellets from the group mean (measured in
units of standard deviation)

Number of individuals differing by individual mean consumption of pellets from the group mean

Stimulus
lessthan by 1o more than by 10 more than by 20 more than by 3o

L-alanine (0.1 M) 28 21 0 0
L-glutamine (0.1 M) 44 2 2 1
L-proline (0.1 M) 38 10 1 0
Extract of Chironomi- 25 23 1 0
dae larvae (175 g/l)

Control pellets 41 6 1 1

Table 8. The number of minnows differing by individual mean consumption of pellets from the group mean (the value of the

deviation in %)

Number of individuals in which the individual mean:

Stimulus less than the group mean by 500% of the | M€ than the group mean by
100-150% | 50-100% | PN 150 10006 | 100-150%

L-alanine (0.1 M) 0 15 21 9 4
L-glutamine (0.1 M) 0 25 15 4

L-proline (0.1 M) 0 19 16 3 11
L-phenylaanine (0.1 M) 38 0 0 0 11
Extract of Chironomidaelarvae (175 g/l) 0 13 17 12 0
Control pellets 19 24 4

Table 9. The number of minnows differing by individual mean consumption of pellets from the group mean with different

significance levels

Number of individuals differing by individual mean consumption
of pellets from the group mean with different significance levels
Simulus heightened consumption reduced consumption
p>0.05
p<0001 | p<0.01 p<0.05 p<0.05 p<001 | p<0.001
L-alanine (0.1 M) 4 4 4 28 3 6 0
L-glutamine (0.1 M) 3 0 3 43 0 0 0
L-proline (0.1 M) 6 0 1 42 0 0 0
L-phenylalanine (0.1 M) 1 0 0 48 0 0 0
Extract of Chironomidae 0 0 13 23 7 3 3
larvae (175 g/l)
Control pellets 2 4 0 43 0 0 0
JOURNAL OF ICHTHYOLOGY Vol. 42 Suppl. 2 2002
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nylalanine, deviation of all individuals exceeds 100%
because of low group mean consumption level. If the
deviation is expressed by the number of individuals,
with individual responses significantly different from
the group mean, it isthe highest for pellets with alanine
and extract of Chironomidae larvae (Table 9).

DISCUSSION

The minnow is a traditional object of experimental
studies in ichthyology, including studies of behavior
and sensory physiology. Many works on fish chemore-
ception, mainly olfactory, have been conducted on this
species (Wrede, 1932; Frisch, 1938; Go6z, 1941;
Nweurath, 1949; Mayukina and Dmitrieva, 1967;
Marusov, 1976; Mayukina et al., 1977; Magurran,
1989; Essler and Kotrschal, 1994). The data on the taste
of the minnow are limited to the topography and den-
Sity of taste buds on the outer surface of the body
(Gomahr et al., 1992). The ability of minnows to
develop conditioned reflexes to typical taste substances
(quinine, sucrose, acetic acid) was determined without
control experiments on chemosensory deprivation, and
therefore the data obtained could actually be accounted
for only by taste reception (Glaser, 1968). Recently, the
temporal pattern of compensatory movements caused
by prolonged anosmiaand involving the taste system of
fish was revealed in the minnow (Kasumyan and
Marusov, 2002). The results of this study reflect the
functional characteristics of the taste system of thisfish
species because earlier experiments have shown that
removal of olfactory sensitivity does not alter the
responses of the fish to pellets with taste substances
(Kasumyan and Morsi, 1996).

Free amino acids are adequate stimuli and are often
used in experimental studies of taste reception in fishes
(Marui and Caprio, 1992). Taste properties of free
amino acids differ, the preferences of fish to these sub-
stances are quite unique (Kasumyan, 1997). Among the
four amino acids used, aanine had the stimulating
effect to the minnows. The inclusion of thisamino acid
to the composition of artificial food pellets brought
about an increased consumption also by many other
cyprinid fishes (Cyprinidag)—carp, tench Tinca tinca,
roach Rutilus rutilus, and fishes of other systematic
groups:. the starred sturgeon Acipenser stallatus, Sibe-
rian sturgeon A. baeri (Acipenseridae), and chum
salmon Oncorhynchus keta (Salmonidae). In the gold-
fish Carassius auratus, trout Salmo trutta, arctic char
Salvelinus alpinus erythrinus, lake char S. namaycush
(Salmonidae), the Russian sturgeon A. gueldenstaedtii
(Acipenseridae), and guppy Poeciliareticulata (Poecil-
iidag), alanineisan indifferent taste substance. The spe-
ciesdifferences are even more pronounced in responses
of fish to glutamine, proline, and phenylaanine
(Kasumyan and Sidorov, 1992, 1994, 2001; Kasumyan
et al., 1993; Kasumyan and Morsi, 1996; Kasumyan,
1999; Kasumyan and Prokopova, 2001; Kasumyan and
Nikolaeva, 2002).
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Pronounced individual variations in the expression
of taste responses have been found in the minnow, asin
the earlier studied carp (Kasumyan, 2000). Individual
means of the consumption of the same food pellets,
including control pellets, could significantly differ, and
for certain stimuli (alanine, glutamine, extract of Chi-
ronomidae larvae) they include the whole range of pos-
sible responses, from 0 to 100%. However, the devia-
tion from the group mean in most individual fish does
not exceed +1 SD. The number of fish which differ in
the consumption of pellets by more than two standard
deviations and more is only 3%. On the whole, in 11%
of cases, individual mean consumption of pellets dif-
fers from the group mean by more than afactor of two,
i.e., by 100%. The number of fish, the responses of
which significantly differ (p < 0.05) from the group
mean, is small for most kinds of pellets. But in experi-
ments with alanine and extract of chironomids, the
number of such fish is significantly higher and reaches
amogt ahdf of the number of tested individuas (Table 9).
Using the example of alanine and chironomids larvae,
it is clear that deviation of individual means from the
group mean equally involves increase and decrease of
the pellet consumption (Tables 8 and 9, Fig. 2). The
same pattern has been noted in the carp. In minnows, as
in the carp, individual variation depends on the taste
attractiveness of the substance. The higher the attrac-
tiveness, the more stable are the responses and less
expressed are individua differences (Fig. 1a).

There is a significant positive relationship between
the consumption of pellets with different taste stimuli,
which is most probably determined by similarities of
the functional condition of the fish, in particular, their
food motivation. It is known (Kasumyan, 1997) that
satiation significantly affects the intensity of the
expression of taste preferences by fish. Their feeding
activity is also affected by many other environmental
factors, influencing the physiological status (illumina-
tion, water temperature, the presence and turbulence of
current, the density of food organisms, their availability
and distribution, the structure of the environment, etc.).
It changesin relation to various forms of life activity of
the fish, such as spawning, migration, stress caused by
alterations of the environmental conditions, social rela-
tions in the group, etc. (Nikolsky, 1974; Carter et al.,
1992; Kasumyan et al., 1993; Winberg et al., 1993;
Mikheev et al., 1997; Rowe and Dean, 1998; Wooton,
1998; Vogel and Beauchamp, 1999). In our study, some
of these factors were controlled or their action was
sorted out because various experiments were conducted
with different pellets during the same limited time
interval (2-3 h).

However, significant differences in the expression
of taste preferences were found after detailed compari-
son of the consumption of the six kinds of pelletsby the
fish (minnows 3, 6, 7, 8, 9, 16, 28, 31, etc.). It isinter-
esting that a significant deviation in the consumption of
one kind of pellet in such individuals is not accompa-
nied by similar deviations in the consumption of other
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Fig. 2. Taste attractiveness of pellets with L-alanine (0.1M). Individuals significantly differing (p < 0.02, )(2 test) from the group

mean consumption are given in black.

pellets. The specific response to the taste properties of
many substances points to individual patterns of taste
preferencesin fish. Significant individual differencesin
taste preferences have been documented in humans:
among 102 subjects, 16% were unable to discriminate
the taste properties of sucrose (1.0%), 2% sodium chlo-
ride, 0.03% citric acid, and 0.01% caffeine. Two per-
cent of subjects were characterized by increased sensi-
tivity to all these stimuli. As in the minnows, in most
subjects, the high sensitivity to one substance was not
associated with high sensitivity to other substances
(Golovnya et al., 1980). Individua differences are
expressed during comparison of the intensity of taste
sensations caused in humans by different substances of
the same quality (bitter), quinine sulfate, urea, and 6-n-
propylthiouracil, suggesting possible individual differ-
ences in the expression of various pathways of trans-
mission of taste stimuli (Yokomukai et al., 1993).

Individual uniqueness of taste preferencesin fish is
probably genetically programmed. Several facts indi-
rectly point toit: the absence of any clear differencesin
taste preferences in fish of the same species (the grass
carp Ctenopharyngodon idella) raised on vegetal and
animal food (Kasumyan and Morsi, 1997), in individu-
alsfrom different populations (the trout of the Caspian,
Baltic, and White seas) (Kasumyan and Sidorov, 1995),
and in same-age conspecifics (yearlings of the carp)
with the same origin but tested in different years
(Kasumyan and Morsi, 1996; Kasumyan, 2000). The
innate character of taste preferences was determined in
mammals (Shinghai and Beidler, 1985; Lush, 1986),
including humans (Hall et al., 1975; Bartroshuk, 1979;
Bertoshuk et al., 1988). A gene involved in the ability
of humansto identify the taste of certain substances has
been found (Kalmus, 1971).
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Unlike the consumption of pellets, the variations of
other measures of the behavioral taste response, the
retention time for the first snap and during the total
experiment, were expressed weaker, but had the same
relation to the taste attractiveness of pelletsastheir con-
sumption (Fig. 1b). The most stable was the mean num-
ber of snaps. In most fish, for al kinds of pellets, it
ranged from 1.0 to 1.1 and only in very rare cases
exceeded 1.5. The minnow is a rheophilous species
inhabiting streams and small rivers. It usually keeps on
riffles and feeds mainly on drift (Nikolsky et al., 1947,
Bazikalova and Valisova, 1959; Tugarina et al., 1965).
Under such conditions, frequent rejections and
repeated bites could cause the loss of the prey item.
This pattern of feeding behavior is characteristic not
only of the minnow but also other river species as well
as of fish living in the tidal zone of the marine shore
(Kasumyan and Sidorov, 1994; Kasumyan and
Nikolaeva, 2002). The relatively short testing of the
pellet, never exceeding 5 s even for attractive alanine
and chironomid extract, is aso characteristic of the
minnow. Bentivorous fish retain the pellet longer; for
example, the tench retains highly attractive pellets with
citric acid for 26 s, and carp retain pellets with cysteine
about 17 s(Kasumyan and Morsi, 1996; Kasumyan and
Prokopova, 2001).

Even though the retention time is short in the min-
now, this speciesis characterized by a positive relation-
ship between this measure of the behaviora taste
response and the level of pellet consumption. Thisrela
tion is expressed in all kinds of pellets, excluding only
pellets with chironomid extract (Table 10). Earlier, the
same pattern of responding was documented in the
carp, trout, tench, and guppy (Kasumyan and Sidorov,
1994; Kasumyan and Mors, 1996; Kasumyan and
Nikolaeva, 1997; Kasumyan and Prokopova, 2001),
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Table 10. Spearman correlation coefficients between measures of the behavioral taste response of minnows to pellets with
(1) L-aanine (0.1 M), (2) L-glutamine (0.1 M), (3) L-proline (0.1 M), (4) L-phenylaanine (0.1 M), (5) extract of Chironomi-

dae larvae (175 g/l), and (6) control pellets

Measure

Number of snaps

3 4 5 6

Pellets consumption, % -0.18 0.22
Number of snaps

Retention time

0.56*** 0.26 —0.40** 0.18

after the first snap
Retention time
Measure after the first snap during the whole experiment

1 2 3 4 5 6 1 2 3 4 5 6
Pelletscon- |0.84*** | 0.83*** | 0.84*** |0.50*** |0.19|0.85*** | 0.79*** | 0.88*** | 0.82*** | 0.55*** | 0.05 0.86***
sumption, %
Number -0.30* |0.11 0.54*** 10.24 0.12|0.06 0.04 0.34* |0.75***|0.42** |0.44** |0.34*
of snaps
Retention 0.91*** | 0.95*** | 0.93*** | 0.94*** | 0.89*** | 0.93***
time after
the first snap

Note: See Note to Table 6.

suggesting that this may be common to all fishes. The
dtatistically significant relationship between the num-
ber of snaps for most kinds of pellets was documented
only with respect to the duration of retention of the pel-
let during the total experiment, but the value of the cor-
relation coefficient is rather small. In other fish species,
excluding tench, there is no relation between the num-
ber of snaps and other measures of the behaviora taste
response.

Individual variation is a characteristic trait of fish
behavior, including social, defensive, reproductive, etc.
(Murphy and Pitcher, 1991; Magurran, 1993; Diana,
1995). Individual differences in feeding behavior usu-
aly involve different levels of feeding activity of indi-
viduals within the group (Brénnés and Alénéra, 1993),
the duration and speed of swimming during the food
search, variation in the distance of hunting drop to the
prey (McLaughlin et al., 1992; Biro and Ridgway,
1995), the use of various strategies of feeding behavior
(Ringler, 1983; Ehlinger, 1989, 1990; McLaughlin et
al., 1992, 1999), and different intensity of feeding and,
as a consequence, different growth rate (Davis and
Olla, 1987; McCarthy et al., 1992; Jobling and Kosk-
ela, 1996; Salvanes and Hart, 1998). One cause of
within-group or within-population variations may be
associated with differences in their taste preferences.

This characteristic of the taste reception of fish is
very important for the understanding of the mecha
nisms bringing about the use of various food organisms
by individuals of the same species, living within the
same habitat or maintained under the same conditions
(Allen, 1941; Bryan and Larkin, 1972; Smagula and
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Adelman, 1982; Ringler, 1985; Bridcut and Giller,
1995; Amundsen et al., 1995) or differences between
fish in the consumption of the same food (Salvanes and
Hart, 1998). It is possible that different taste prefer-
ences or different degrees of their expression could lead
to the divergence of fish with respect to the consumed
food objects and feeding behavior, and bring about
food speciadization, exploitation of different niches
within the habitat, and the development of morphs,
forms, ecotypes, and other intrapopulation groups.
Such differences are well pronounced in polymorphic
species, for example, in arctic chars of the genus
Salvelinus or in the trout (Savvaitova, 1989; Ferguson,
1989; Mamquist, 1992) and other fishes. Feeding spe-
cialization reduces within-group competition and
causes more complete use of the food resource of the
water body (Meyer, 1990; Holbrook and Schmitt,
1992).

These data could be used in aquaculture to reduce
the heterogeneity of the consumption of artificial food
and the differentiation of fish with respect to the growth
rate (Yamagishi et al., 1974; Storebakken and Aus-
tereng, 1988; Hustvedt et al., 1991; McCarthy et al.,
1992, 1993). A perspective way to solve this important
applied problem may be creation of new breeds of fish,
which have reduced requirements to the qualities of
artificial foods. It could be possible, by selection of
individuals with certain taste patterns, to breed with
subsequent directed selection of the offspring. The
knowledge of the range of individual differences of fish
by taste preferences are necessary for the development
of highly efficient chemica stimulators, additions to
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artificial foods, and development of artificial lures and
fishing gear (both commercial and sport).
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