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The work presents e:x:perimental methods and effect of an 
electric field of alternating current potential changes on 

threshold values of some fish species from the Volga delta response. 
It was noted, the fish response towards an electric field of al-, 

ternating current changes to depend on speed of the field 
changes. An advice how to use it for fishing has been pointed 
out. Relation between the speed of electric field ponential 
changes and fish response to it has been determined. 

INTRODUCTION 

Studies of general problems concerning the effect of a.c. and d.c. fields on fishes, 
and the detection of its mechanism go back to the seventies of the last century. 
These problems have been drawing close attention, especially after some directed 

and stunning effects of an electric current on fishes were detected. The analysis of 

fish behaviour due to the electric current variables applied, environmental conditions 

and the state of the fish under study was also of great interest. The efforts of scien
tists were mostly directed to the detection of the threshold values of electric field 

voltage for some fish responses, from a minimal one (starting) to the state of an 
electric shock (narcosis). 

Many research workes dealing with the electrical fields of alternating and 

direct current observed a different influence of the field on the fish due to the 

period of a current intensity increase. 

In their survey Nusenbaum and Faleeva (HyceH6ayM H qianeesai, 1961) reported 

that Scheminsky and Nicolai (Scheminsky, 1924, 1936; Nicolai, 1930) in their 
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experiments applied, with a gradual increase of field voltage, the current of a higher 

density for obtaining certain fish response. In the a.c. fields( IToceB, 1971; CTepmrn H 

np ., 1972) the rate of the increase of current intensity exerted some influence on 

fish threshold sensivity. In details this problem has not been studied in our country 

and abroad. 

Numerous experiments on various easily excited organs and tissues demonstrated 

that the sensivity threshold depends upon a stimulus gradient (MaKapoB, 1952; Kpom,, 

196.9 H np. ). In a more general aspect this relationship was suggested by Rosental 

and Del Poso (Kpom',, 1 %9): 

F- F = m·t
n 

thr.O

where Fth O ....-sensivity threshold for an instantly increasing stimulus;
F r. - threshold for the stimulus gradually increasing during some period

of time (t); 

m - proportionality factor;

n - index of an accomodation proc�ss;

During electric fishing quite different fish responses on the effects of electrical 

fields were observed. The two variants of field voltage increase were especially 

mentioned ( HyceH6ayM, <PaneeBa, 1961). If current was switched on with the elec

trode being quite near the fish, the latter was acted upon by a quickly increasing 

voltage. If the electrode was being gradually brought to the fish, this caused smooth 

and gradual increase of current intensity. 

According to many authors, the boundary conditions for regulated motion of the 

fish in an electrical field &re very close to those causing deep depression or 

strunning of the fish. That is why. one should be aware, in any concrete situation, 

of an admissible rate of bringing electrodes close to the fish (the rate of voltage 

increase in an electrical field). 

This condition acquires special importance for laboratory experiments on the 

effect of electrical fields on fish behaviour. In such a case it is necessary to be 

aware of the limits in which the effect of voltage gradient in electrical fields should be 

taken into consider�tion or not, in other words, whether this factor influences on 

the threshold indices of fish response or not. 

In this paper the results of investigations on the effects of a voltage gradient in 

a.c. and d.c. electrical field$ on the threshold response of some commercial fishes

in the Delta of Volga are presented. Fingerlings of some commercial and pond fishes

were also studied i� this respect.
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METHODS OF EXPERIMENTS 

A series of experiments were carried out in a glass aquarium of 60x40x20 cm with 

the electrodes of stainless steel (Fig. l ). For the best orientation between the elec
trodes the fish were placed between net partitions not to allow them to deviate from 

a set direction in an electric field. 

electrodes 
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\� 

\ .. · ....... . \\ net 

2 

partitions 

4 

Fig. 1. Diagram of the experimental installation 

The rate of intensity, alteration in the field ( voltage gradient) was secured by 

a smooth and gradual voltage transformation on the electrodes in the aquarium 

4 by rheostat 2 with its slide being moved by motor 3. By changing the motor speed 

(number of revolutions) and the voltage from transformer I to the rheostat the 

rate of � voltage increase on the electrodes was regulated in the range of 0-1.5 

V /sec. This was in full agreement with the tasks of our experim�nt. When the motor 

was started, and the slide of the rheostat was moving at a constant speed and passing 

zero mark (with voltage on the electrodes equal to O), the button ofa stop0watch was 

pushed on and then off at the moment of the fish response setting in. The voltage 

on the electrodes was calculated by indications on the stop-watch and by the rate of 

voltage increase on the electrodes. Then the voltage of the electrical field was 

calculated: 

U=t·V 

t·V 
E ""� 

o L
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where U - voltage on the electrodes, V;
t - period of time during which a fish response sets in, sec.;
E - voltage in electrical field, V./m;
V - rate of voltage increase on the electrodes, V/sec.;u 
EE - transformation rate of field voltage V/m·sec.;

0 

L - distance between electrodes, m.

All the experiments were carried out in series in the laboratories of the Technical 
Institute of Fisheries, and in the fishing grounds of Volga. The specimen of definite 
species and equal size were chosen for each series. Constant temperature and 
electrical conductivity of water were being maintained. 

Number of experiments in each series and statistical treatment of the results were 
in accord with common methods (IIIeHTHKOB, 1970). 

The setting on ofa fish response was detected visually. In table I only such reac
tions as starting and electric shock are presented as being more evident and less 
dependent upon a personal judgement. 

Conventional voltage of a fish body (U1 ) was calculated by the voltage on the 
electrodes (U), the distance between the electrodes(L), and fish body length (l ): 

p 

u =

!! ·l L p'

where U1 - conventional voltage of fish body, V; 

l - fish body length, Sm. 
p 

RESULTS 

Table 1 data were used for drawing the graphs of relationship between the 
thershold values of fish body conventional voltage (U1)n and the rate of voltage
transformation on the electrodes (V1)n and the rate of voltage transformation on the
electrodes (V ), Fig. 20 

For all series of experiments the character of the graphs was identical, and in-
dependent on the place of an experiment, temperature and electrical conductivity 
of water, fish length and species. The graphs for starting and electrical shock 
responses are represented by a linear dependenceo For the interval V = (002 ·d.5) V/ 
sec the threshold values of variable U 1 (starting response) decrease with an increase 
of rate, and for an electric sho_ck response they increaseo 

In Fig. 3 (U1\ = G(t) for starting response confirm, in all the cases, entire biolo
gical dependence deduced for the sensitivity threshold, and for an electric shock 



Table 1 

Relationship. between threshold values (U1) of fish response and stimulus alternation rate
)'8 = 35.5 mSim/m t0 = 12 + l3°C 

Voltage gradient Vu 0.2 V/sec 0.3 V /sec 0.4 V/sec 0.5 V/sec 
Species, length, response n t ul n t ul n t u1 n t u1 

2 3 4 5 6 7 8 9 10 11 12 13 

Bream Starting 28 3.01 0.82 25 4.62 0.92 25 3.42 0.92 26 2.48 0.8 
28-31 cm Electric shock 25 24.5 3.97 25 10.2 3.01 25 12.2 2.99 26 10.1 3.09 

Casp.roach Starting 28 5.63 0.67 27 3.16 0.55 28 2.55 0.52 26 2.2 0.56 
26-28 cm Electric shock 25 31.7 4.88 25 24.8 5.42 25 18.8 5.79 25 15.2 5.81 

Sazan Starting 26 14.6 2.35 25 11.32 2.53 24 7.07 2.06 27 5.49 2.07 
43-47 cm Electric shock 28 23.04 4.43 29 16.1 4.52 29 11.9 4.6 28 9.38 4.93 

I 14 15 16 17 18 19 20 21 22 

vu 0.75 V/sec 1.0 V /sec 1.5 V /sec 

Bream Starting 26 1.76 0.81 29 1.01 0.72 29 0.58 0.63 
28-31 cm Electric shock 29 6.78 3.15 27 4.99 3.13 27 3.5 3.65 

Casp. roach Starting 25 1.34 0.51 25 0.92 0.46 30 0.58 0.43 

26-28 cm Electric shock 26 12.4 5.98 26 8.14 6.1 26 6.12 7.2 

Sazan Starting 27 3.96 2.04 77 2.39 1.94 28 1.57 1.69 
43-47 cm Electric shock 27 5.46 5.26 25 4.46 5.64 29 3.44 5.71 

Note: n - quantity of specimen; t - time (sec.); u
1

- conventional voltage in fish.
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Relationship between threshold values of conventional voltage in fish body 
and stimulus alternation rate 

they are represented by hyperbolic curves. Analogous relations are obtained for 
the reactions of the fish under the effects of pulsed electrical fields (Jiamomne, 1960). 

DISCUSSION 

The character of the relations obtained are likely to be explained by the charac
teristics of fish as a biological object. Thus for a starting response (as well as for 
sensivity threshold to tissues and organs) an increase of threshold values of U at 

I 
low values of the stimulus gradient and its prolonged action is expained by the ability 
of a living organism to adapt to weak stimuli {irritants). 

A decrease of (Ui)n for the shock response at lower stimulus gradients is likely 
to be explained by some properties of living organisms, by exhibiting a· cumulative 
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effect, for example, when the setting in of a response depends upon the total volume 
of stimulus. In our studies the phenomenon of accumulation was observed at 
V ,,; 0.68 V /sec. with the period of effect over 6 seconds. 

Graphic data in Fig. 2 show that -the phenomenon of accomodation and and 
cumulative effect exert a• profound influence on the threshold values of fish 
response. For example, variable (U1)n for electric shock response as well as for
starting one decreases (35 -=- 55%) for all fish species. 

This investigation and the results obtained made it possible to draw some prac
tical conslusion. All the mobile electric fishing gear with the electric fields aimed 
to alter the motion activity of the fish should be displaced at a low speed with the 
voltage on the electrodes being decreased. This must be taken into account to mini
mize fish damage in electrical fields, especially of the fish left 'in water (not 
caught). This condition must be also observed for the reason that some fish from 
a catch may be used as a source of replenishment for breeder's stocks. 
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E.T. PREL 

WPI.YW GRADIENTU NAT�ZENIA POLA ELEKTRYCZNEGO NA PROGOWE 

WIELKOSCI REAKCJI RYBY 

STRESZCZENIE 

Przedstawiono metodyk� prac eksperymentalnych i wyniki badan wplywu zmian potencjalu pola elek
trycznego pr11du zrniennego na progowe wielkosci reakcji na to pole kilku gatunkow ryb z deity Woigi. 

Stwierdzono, ze reakcja ryby na parametry pola elektrycznego pr�du zmiennego zalezy od szybkosci 
zrnian tego pola i wskazano w jaki sposob powinno to bye wykorzystane w procesie polowu. Okreslono cha
rakter zaleznosci porni�dzy pr�dkosci� zrnian potencjalu pola elektrycznego i reakcj1A ryb na to pole. 

Author's address: 

E.T. Pre! 
Technical Institute of Fischeries 
Astrakhan, USSR 




