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Body tension of bream Abramis brama (L.) in homoge
nous electric field of DC current in relation to direction. 
of current flow and to fish length had been investigated 

· under aquarium conditions.
It ascertained that, treshold tension values in body dep
end on initial position of fish in relation to force lines of 
electric field and an increase of value in body tension un
der particular reactions is proportional to length of fish.

An dectrification of fishing gear applied to increase the effects of catching 
is closely related to protection problems of non-caught ichthyofauna present 
in electric field. 

A determination of electric field treshold parameters which cause the par
ticular reactions and the investigations of physical and biological factors 
which influence the change of such values, may contribute towards rational 
exploitation of fish resources. 

Next to the properties of electric field, specific conductivity of water, 
fish species and its physiological conditions, the length of fish is one of the 
factors which influence the degree ,,f fish reactions to activity of electric 
field, 

An extent of tension in body is related to length of fish. Initially adapted 
was such opinion that for the defined species the tension of body is of constant 
value (M c M i l l a n, 1928), and this was formulated as, "law of con
stancy in tension of body" (H o 1 z e r, 1932). Further investigations (Ba
ry, 1956; Nus e nbaum, Fa l e e v a, 1961; Szatybelko, 
1967; S e n t i a k o v, 1964) proved that, the biological and physical fac
tors influence the value of body tension. It had been noted during these in-
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vestigations that, in relation to increase of fish length is increasing the value 
of body tension in degree of particular reactions, to activity of electric cur
rent. 

Tension of body (Gestaltspannung) is defined by value of tension existing 
between equipotential lines which run through the beginning and the end of 
fish body and at which respective reaction takes place. Obtained results are 
valid under such condition only when the axis of fish body is covering with 
force line direction of electric field at the moment when current is switched 
on (Chmiel e w s k i, 1967). 

In homogenous field, the value of body tension is obtained from the result 
of current field intensity and length of fish, viz. : 

U K•L r r 

where: U - tension of body (V)r 
K - intensi.ty of current field (y_)cm 
L - total length of fish (L. t. ) (cm) .

r 

Existing investigations on changes of body tension which had been per
formed to increase the output of fishing, are still very incoherent owing to 
wide variety of species and environment. Thi.s calls for further parallel in
vestigations of physical and biological factors which influence the changes 
occuring in fish organism within the field of electric current. 

Present investigations were aimed to determine the relationship existing 
between body tension of bream, its total length �L. t. ) and direction of cur
rent flow in homogenous DC electric field under defined aquarium conditions. 
The characteristics of such parameters for particular species and environ
ment permit to study the changes which occur in fish organism, under par
ticular grades of reactions, to activity of electric current. 

The investigations had been carried-out duri�g March, on 76 breams Abra
mis brama (L. ) of both sexes ( without feeding) , originated from Plon Lake, 
unde-;::-aquarium conditions in supply system wat er of temperature 9 ± 1 °c and 
of specific conductivity 286 p.S cm-1. Totallength(L.t.) of investigated fish 
oscillated between 18 and 45 cm. The <!quarium was out of glass in steel 
framing of dimensions 430x150xl30 cm filled in with water upto height of 1 m. 
The electrodes (100x80 cm) were made out of galvanized steel sheet and sus
pended on insulators at apposi�e sides of aquarium. Applied the smooth recti
fied current with apparatus presented on fig.1. 

The investigations were proceeded by control measurements for homoge
neity of electric field, according to method given in work of S z a t y b e l
k o (1968), which shown the presence of non-linear zones in vicinity of 
electrodes and aquarium bottom. The space of homogenous field of di
mensions 320-ic150x70 cm was partitioned with plastic net within aquarium at 
55 cm from electrodes and 30 cm from bottom of aquarium. 

In· first serie of tests, were determined the treshold values for body ten
sion of first reaction at ascending current (fish heading towards cathode) and 
at descending current (fish heading towards anode) . In second serie of tests 
determined, at descending current, the treshold values for body tension of 
first reaction, anodotaxis, electroanesthesia and stupor stages. 
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-2'ig. 1. Diagram of apparatus for tests of fish reactions in homogenous
electric field of smooth rectified current 

According to S c h e m i n s k y (1936) , for treshold of first reaction 
was assumed minimum intensity of electric field at which occured the fish 
trembled. The treshold of anodota�is was determined byinteisityof electric 
field at which the fish moved continously towards anode and reversed to
wards anode, when direction of current flow was changed. For electro
anesthesia treshold, defined the tension of electric field at which the fish 
became unbalanced, was lying aside without any reactions to mechanical sti
mulis, but at change of current direction flow, was immediately reversing to 
head towards anode. Tension of electric field at which the fish was in con
vulsive condition and did not react to change of current direction flow, was 
defined as treshold for stupor stage. 

The investigations to determine the treshold values for body tension under 
particular reactions, had been carried out sep�ratelywitheach fish. Average 
time of current activity for defined reactions amounted to about 5 sec::undes. 

Determined value of tension in homogenous electric field within seperated 
space (which caused particular reactions) and total length of fish (L. t.) 
formed the basis for calculations made according to formula given above, 

RESULTS AND DISCUSSION 

Treshold values of body tension at first reaction, for the examined fishes 
in relation to their behaviour towards the electrodes, are presented in 
Table 1. Appearance of first reaction was dependend on direction of current 
flow. For three examined fish groups, the first reaction is occuring at lower 
values of body tension under ascending current then under descending cur-
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rent. The increase of value in body tension is also dependend on total length 
of fish (Fig.2). 

Tab l e 1 

Value of body tension (U � K · L ) of first reaction 
r r 

related to fish behaviour towards electrodes 

Length of Number 
Ascending current Descending current 

fish (L. t. ) of fish (n) +�- +�-
-

X from-to X from.:to 

30.0-35.9 6 0,75 0.69-0,79 1.01 0.93-1.11 

36.0-40.9 9 0.82 0.76-0.95 1.12 1.03-1.24 

41.0-45.9 6 1.09 0.71-0.97 1.29 0.95-1.46 

Tension changes of body, in relation to length of fish examined at descend
ing current (Tab.2), are showing successive increase in tension under par
ticular stages of reaction proportionally to length of fish. 
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30.0-35.9 36.0-40.9; Ll.0-45.9' 

Fig.2. U values of first reaction related to fish behaviour r 
towards electrodes 

Highest values and differences in subsequent length-groups are appearing 
at stage of electroanesthesis and stupor. Lowest increase and differences in 
values of body tension were observed under first reaction (Fig. 3) . 

Smaller specimen were showing higher fragility to current; this is seen 
from smaller increasing parameters of electric field which cause subsequent 
stages of reaction. 

The differences in body tension ascertained for first reaction at ascend
ing and descending current, and fo, J.nodotaxis, electroanesthesis and stupor 
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Changes of tension values in body (U = K · L ) of parti,cular reaction stages 
r r 
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First reaction Anodotaxis Electroanes thesis 
Number of U (V) U (V) U (V) 

fish 
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(n) - - - -
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13 0,74 0.71-0,79 1.54 1. 33-1.68 2.17 1.65-2.39 2.87 

8 0.95 0.93-0:99 1.63 1.54-1. 73 2.67 2.33-3.08 3.84 
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26 1.18 1.09-1.26 2.26 2.10-2.45 3.16 3.10-3.48 4.85 
I 
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Fig. 3. U values of particular stages of reactions related to length of fish 
r 

of bream at descending current only, support the results obtained on other 
species of fish (B l a s i u s, S c h w e i z e r, 1893; D a n i u 1 i t e, 
M a 1 u k i n a, 1967; S z a t  y b e l k o, 1971), lt is apparent thus, that 
not only the nature of reaction, but also the parameters of electric field re
quired to cause the reaction, are strictly related to direction .of current 
flow, 

Basing on observations of H a 1 s b a n d (1965), a fish may be consi
dered as electrolytic conductor of small dimensions. For such electrolytic 
conductor of small dimensions , voltage drops at anode and cathode have de
ciding influence on resistance. An influence. of electrodes spacing for total 
resistance is negligeable. Tension changes in body under influence of tem
perature, described by S e n t i a k o v (1964) are covering with behav
iour of electrolytic conductor, The compliance of phenomenons cited above, 
relating to tension of fish body and to resistance of electrolytic conductor, 
support the hypothesis that a fish is an object of electrolytic conductivity afi.d 
thus, the definition of body tension may be substituted by definition of voltage 
drop in fish resistance. 

The presented investigations may permit to determine the changes appear
ing in fish organism during particular reactions at nominated parameters of 
electric field, under aquarium conditions. 

CONCLUSIONS 

1. Changes of values in tension of bream body are dependend on direction
of current flow and on length of fish. 
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2. Treshold values of tension in body are lower at ascending current in
relation to values· obtained at descending current. 

3. The increase in values of body tension of particular reactions is propot'
tional to length of fish. 
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ZMIANY NAPI,l;CIA SYLWETKI LESZCZA ABRAMIS BRAMA (L.) 
W ZALEZNOSC,l OD KIERUNKU PRZEPL YWU PR.I\DU STAL EGO 
ORAZ DLUGOSCI CALKOWITEJ (L.t.) W JEDNORODNYM POLU 

ELEKTRYCZNYM 

S t r e s z c z enie 

Badan:o u leszczy zaleznosc napi�cia sylwetki (Gestaltspannung) od kie
runku przeplywu prqdu i dlugosci calkowitej w jednorodnym polu elektrycz
nym pulsujqcego prqdu stalego (Smooth Rectified Current). 

Stwierdzono, ze wartosci napi�cia sylwetki reakcji pierwszej zalezne Sq 
od orientacji ryb wzgl�dem elektrod i Sq mniejsze przy prqdzie zst�pujqcym. 

Wzrost wartosci napi�cia sylwetki poszczeg6lnych reakcji proporcjonalny 
jest do dlugosci ryb. 

1'13MEHEH!/lil HAITPHJKEH!/IH HA TE.J!E JIEIUA Abramis b:_�a. ( L.) 
B 3ABWC!/IMOCTM OTHAIIPHBJIEHitlH TETlEHJ/IH ITOCTOHHHOI'O TOKA, 
A TAK� OT OEIUEV1 ,Il;JIIIIHbl B G.I{HOPO.I{HOM 8JIEKTPWlECKOM ITOJIE 

P e s Ri M e 

l/lccJie,l\OBaHa y 11el]\a sa:s.11c.11MocT1> HaTipHllteH.11H Ha TeJie ( Gestaltspannug) OT 
HanpaBJieH.11fl TeqeH.11fl TOKa B 0,l(HOpO,l\HOM 3.718KTp.11qeCKOM none ny111,c.11pyromero 
noc.TOflHHoro TOKa ( Smath Rectified Current). 

YcTaHOBJI8HO, 'ITO B6JI.l1q.11Hhl HanpmiteH.11fl Ha TeJie nep:sotl peaKIJ,.11.11 S8BI1Cf!T 
OT op.11eHT.!1pOBK.l1 pbIO no OTHOJJieH.11!0 K 3JieKTpO,l\aM .11 flB.JiflIOTCfl M6HJ,JJI.IIJM!i! rrp.11 
BXO,l\flll\6M TOKe no cpa:BH8H.IIJIO C Il8JI.11Jq.11JHaM.11, noJiy"!eHHblM.IIJ IIp.llJ BbIXO,l\flll\8M TOKe, 

Y:seJI.11"!8Hl/le B6JIJ/l'lli!Hbl HanpHllteH!i!fl Ha TeJie OT,l(8JIJ,HbIX peaKIJ,!i!H flBJifl6TCfl npo
rropIJ,!i!OHaJII>HblM TIO OTHOIII6Hli!IO K ,l(Jll/IH6 p1,16bi. 
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