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The reactions of marine fishes in interrupted A. C. of
uniform electrical field and constant current density have been
studied in order to determine the optimum effective periods of shock
for narcosis and fixation. Higher effective periods were required
with gradual decrease in potential difference between head and tail,
which in turn depended on the length of fish and its position in
electrical field. The body voltage of fish varied directly with the
length and inversely with the rise of angle between their body
axis and field lines. The fish subjected to higher effective period took
longer time for recovery from narcosis. The effect of impulse
current was manifested by increased rate of gill movements in
Platax teira, Haetodon ollaris, Crysophus burda, Siganus vermicu-
latus and Scolopsis leucotaenia, and lowered rate of movements
in others when subjected to different effective periods irrespective

of length.
INTRODUCTION Kreutzer and Peglow (1949) claimed
The possibility of using electricity in that a deep sea electrical trawl, using short

copjuncticn with conventional gear in
marine fishing has been explored in the past
many years. The idea was to attract and
stun the fish so that they would tumble
helplessly into the trawl net. It would also
enable amn otherwise unfishable, uneven,
bottom to be exploited because the fish liv-
ing near the ground were attracted towards
the electrode (Goffstown, 1958).

sharp electrical impulses up to 2000 volts
on oppositely charged electrodes placed
at the side of the net’s mouth, was able to
get 909 of the fish passing between the
ship and the net, which would otherwise
be frightened by the approach of ordinary
net and evade it. In uniform electric
field of alternating current of 50 Hgz,
slight specific differences were observed
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in the voltage gradients to induce a2 mini-
mum response and electronarcosis in
marine fishes (Bary, 1956). Cattley (1955)
recommended the use of pulsed A.C. or
D. C. for reducing the magnitude of power
requirement for fishing in sea, as use of
continuous A.C. or D.C. would have
been impracticable due to the difficulty
in carrying generating equipment aboard
the vessel to produce enough power.

The present studies were limited to
the reactions of marine = fishes in an
electrical field of alternating current of
50 Hz in relation to fish length, repeated
shocking and fatigue and position of fish
body in the electrical field. The effective
periods along with pulse threshold for
inducing electrotaxis, narcosis and re-
covery were also studied.

MATERIALS AND METHODS

The experimental tank comsisted of
a glass aquarium of 200 cm x 50 cm x 70cm
fitted in 2 wooden frame on a wooden
table. Zinc plates of 50cmx25cm
were fixed vertically along the breadthwise
sides of the tank, which served as elec-
trodes. The aquarium was then filled
with sea water to a depth of 10 cm. The
electrodes were connected the to the A. C.
mains of 220V 50 Hz through a voltmeter
and amperemeter to measure the potential
drops between the electrodes and the
quantity of current drained. A thermo-
meter, suspended from a clamp attached
to the experimental tank recorded the tem-
perature of water during the experiment.

Interrupted A. C. of 220V was pro-
duced through a mechanical impulse trans-
mitter of fixed impulse frequencies of 38/
minute with impulse and pause durations
of 0.8 second. The resistance of water
was measured by an ohmmeter with
silver electrodes and was expressed as
ohms per cc. -
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The test fish after being acclimatised
for 24 hours in confined waters in the
laboratory and measured for total length
and breadth (maximum girth) was released
in experimental aquarium to seitle. The

-position of body axis of the fish in

relation to field lines was recorded before
beginning of the experiment. The fish
was then subjected to imterrupted A. C.
of 220V which formed a homogeneous
electrical field throughout the water
column in the aquarium. Sixty ampares
of current. were drained with impulse
potential of 130-140V between the elec-
trodes during closing of circuit. The
density of current in the experimental bath
was calculated and expressed. as ma/ mm?2
and was kept coostant for every set of
experiment.

The reaction of fishes in relation to
exposure (o current for diferent periods
and the requirement of effcective period

‘in relation to size, area of body surface

and position of fish body in electrical
field were studied in different varisties
of fish. The effect of repeated stimulation
on the fish in relation to fatigue and
recovery was also determined. Except in
case of experiments for repeated shocking,
a fresh fish was taken for each experi-
ment. The area of body surface was
measured by a polar planimeter after the

test. The potential drop between the head

and taill of the fish was also recorded
during electromarcosis and fixation.

ResuLts aAND DiscussioN

In a homogeneous field having a
density of current of 1.2 ma/mm2 with
fixed impulse frequency of 38/ minute,
the flsh exhibited reactions like stretching
of fins and opercula and tremour of
the body accompanied by occasional
change of place, depending on the mini-
mum period for which the current passed
through the body of fish. This minimum

156



flow of current through the organism,
defined as ‘effective period’ increased with
the administration of increased number
of pulses. With the rise of effective period
to its threshold value the fish under-
went electrotazis accompanied either by
specific movement to the electrode or at
random in the field. In some cases the
fish did oot show amy movement in the
electric field during electrotaxis but
changed its position to right angle to the
direction of current flow and bent its
body like an arch in the same place to tap
off the minimum voltage. Electronarcosis
and fixation occurred with more impulses
for threshold value of effective periods
when the fish was stunned ceasing all
voluntary movements and lay on its side
at the bottom or floated on the surface.

In a fizxed current density of 1.2 ma/
mm?2 the effective periods for electro-
narcosis and fixation of seventeen varieties
of marine fishes ranged from 2 to 6.8
seconds, irrespective of their positions in
the electrical field (table - 1).

The specific movements of fishes in
these experiments have been classified in-
to four groups during electrotaxis and
three during electronarcosis. Meyer—
waarden (1955) also reported that the
fish did not swim towards the electrodes
in an A. C. field but took a tramsverse
position to the electrical field between the
electrodes.  Fishes of sixteen wvarieties
out of seventeen tried were found to move
towards increasing potential during elect-
rotaxis and narcosis, the ¢ of which varied
from species to species. Oscillotactic be-
havior has also been noticed in fourteen
varieties and 12 to 589 of fishes placed
their body axis perpendicular to the
electrical lines of force to tap off the
minimum voltage. Only eight species exhi-
bited movement towards the counter pole
during electrotaxis which varied between
g and 50%. Fishes like Apiniphelus dja-
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-canthus, Plutosus arab, Scolopsis leucot-

aenia, Apogon faciatus, Therapon jerbua
and Dasyatis gerrardii showed no move-
ment during electrotaxis and staved in
their initial positions till the mnarcosis
set in with increase of effective periods.

In a constant field intensitv of 1.2
ma/mm?2 of interrupted A. C. of sinus
wave from Crysophus burda of 420 mm
required an effective period of 1.6 to 4.8
secs for marcosis and fixation as against
3.2 to 6.4 seconds in case of Muraena
undulata, Epinephefus pantherinus and
Dasyatis gerrardii. The optimum effective
period for marcosis of Crysophus burda
of 550 mm "was also lowest (1.6 sec)
among the other three species when they
were stunned in 2.4 secomds (table 2).
Slight dffferences in voltage gradiemt of
A. C. required to induce minimum res-
ponse and eclectronarcosis have been 0b-
served between Morone labrax, Platichthys
flesus and Mugil auratus (Bary, 1956).
Megalops cypernoides of 360 mm were
narcotised in between 1.6 and 2.4 seconds,
while Lafes calcarifer and Dasyatis gerrardii
were stunned later successively in 3.2 to 4
seconds and 4.8 to 6.4 seconds respec-
tively. Elecironarcosis and fixation were
induced in Tefradon sp of 100 mm length
in 5.6 to 8 seconds, while Haefodon
ollaris, Platax feira, Therapon jarbua;
Scolopsis leucotaenia and Apogon faciatus
of similar size exhibited hypnosis in 3.2 to
4.8,2.4t04,1.6 to 5.6,1.6104.8 and 1.6 to
4 secondsrespectively. Apogon faciatus of
95mm was stunned earlier in 1.6 seconds,
while Scolopsis leucotaenia and Tefradon sp
of same size were narcotised subsequently
in 2.4 and 6.4 seconds respectively.

The potential difference between head
and tail and the effective periods for
inducing electronarcosis in common marine
fishes in an interrupted A. C. of fixed
impulse frequency and constant density
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§ Table 1 Specific reactions of fishes during electrotaxis and fixation.
&
< Impulse frequency per minute: 38
E Impulse duration in sec:0.8
Z Density of cnrrent in ma/mm2:1.2
° . w 8 | ® . % of specific movement during " Place of narocosis and
o B 24 ° s BEZ24 2wna § electrotaxis fixation in 9,
o < w3 B 8F E. BIs §egn . Fe 0 o
O : ize i S © & o e » & «» 2 P -] 5 0 2 o
= Name of spocies grou[l)z: m ;ZE E;‘f "'g é E% _§ f"gé %'E‘EE E 4 F§ E gg > ggé ZO g +§ L"é !Q:‘g'
] < g e > g;l')%“@ @gf% ‘I‘E E g5 B H% kg 2
BT mz £2°° 275 478 28 gé.s s 23 23 “H
Apiniphelus
diacanthus 180-142 16 24 350 140 -5 3.2 12.5 12.5 12.5 62.5 - 37.5 62.5
Plutosus arab 330-215 10 25 550 130 -4 3.4 40 —_ 40 20 50 — 50
Chiloscyllium
indicumy 450-400 22 26 800 ’ 4-7 4.9 73 — 27 —_ 64 18 18
Muraena
undulata 500-415 12 27 300 ’s 3-8 5.0 50 8 42 —_— 8 16 76
Scolopsis
Ieuco'?aenia 100-95 . o . ’ 2-6 3.9 34 34 16 16 36 48 16
Tetradon sp. 300-100 10 . v vs 6-7 6.8 60 —_ 40 —_— 40 20 40
Apogon faciatus 100-95 . ”» ”» ’ 2-4 24 - — 50 50 0 50 50
Platax teira 160-100 12 ) Y] » 9 9 50 _— 9y — 50 — 95
Siganus
Vegm/.cu[atus 260 99 99 99 3 2-7 3.5 67 - 33 - 67 —_ 33
Crysophus burda 420-410 10 ’ ’ 0 3-5 3.2 50 50 —_— — 50 50 —
Lates calcarifer ~ 370-360 ,, ”» ’ ’» 3-4 28 s — 50 — . — 50
Megalops
e inudes 35033 12, ., ., 2 20 75— 25— 15  — 25
Haetodon ollaris ~ 100-33 " " » " 4-8 4.8 28 14 58 — 14 14 72
Heniochus
macrolepidotus 60 10 s » » 6-9 8.0 50 50 — — 50 50 —
Epinephelus
pla)nthgrinus 570-550 12 ’ ” ” 3-4 2.9 67 33 — — 67 33 -
Therapon jerbua 128-100 18 ’ ’» » 2-6 2.7 25 —_ 12 63 42 58 —_—
4-8 4,8 20 10 20 50 20 40 40

\o  Dasyatis gerrardii 420-385 20 b s o
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Table 2 Requirement of effective periods for narcosis and fixation of fishes of different varieties.

Resistance of water in ohms per cc:300

Inpulse frequency per minute : 38

Impulse duration in sec: 0.8

Tempreature of water: 27°C Density of current in ma/mm2: 1.2
< 8"3 R Effective periods required for narcosis & fixation
- . cER 5 08 c w 2 g 5 w8 < 38 < RS
2§ Thaywnw 2320 53 EF §. B2 ¢ s ogr fF 8 I &3 83
gﬂ. electrical field §E ’g 53 S S E n %g % ‘v%_g 33 ‘%0}:’_ o= ﬂéé E-E. gx
5 £58 35 93 =89 S 58 F ="
550 Parallel 33 2.4 1.6 2.4 2.4
420 ’s 25 3.2 2.4 3.2 3.2
. 45°angle 19 4.8 3.2 4.8 4.8
’ Perpendicular 11 . 6.4 4.8 6.4 6.4
410 Parallel 25 4.8 2.4 4.3
’s 45° angle 18 — 4,0 s
360 Parallel 22 —_ 3.2 1.6 "
) 45° angle 16 —_— 4.0 2.4 6.4
100 Parallel 6 _ 1.6 5.6 1.6 2.4 3.2 1.6
’s 45° angle 45 — 3.2 7.2 3.2 3.2 4.0 3.2
’ Perpendicular 2.3 — 4.8 8.0 4.0 4.0 4.8 5.6
95 Parallel 5.7 — 2.4 64 1.6
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Table 3 Requirement of impulse threshold and effective periods for electrotaxis & fixation of different varieties of fish.

Impulse frequency per minute : 38
Impulse duration in sec:0.8
Density of current in ma/mm2 :1.2

Length of Breadth of Water Resistance Poeition of - Potential Impu!sedt}fl‘resliold P};gsglti:";
ame of species Pabown  fehimm tempe- of water | GSRROW - drop bett SRV (S quied for
rature:® G ohmsfee Ty, & tail: V fixation. fxntionisaos.
1 2 3 4 5 6 7 8 9
Apiniphelus diacanthus 180 24 350 Parallel 12.6 3 24
~do- 175 ’ ” ' 12.3 ' .
-do- 150 v . ' 10.5 ’ v
~do- e ’s " 45°angle 7.90 5 4.0
~-do- 148 ' ’s Parallel 10.3 3 2.4
~do- 142 ’s » ’ 10.0 ) .
Plutosus arab 312 28 25 550 . 18.7 2 1.6
~-do- 215 25 ' ' ” 12.9 4 3.2
Chiloscyllium indicum 450 65 26 800 . 27.0 ” -
—do-— 448 65 99 |3 99 269 99 3
~do- 440 62 ' ” ’ - 26.4 5 4.0
~do- 420 55 ’ » ’s 25.2 6 4.8
~do- 415 52 ’ » ’ 24.9 7 5.6
-do- 400 45 ’ ’ ’s 23.7 ’ ’
Muraena undulata 500 50 27 300 ” 30.0 3 2.4
~do- 423 35 ’s " v 25.4 4 3.2
~do- 423 ' s » 45°angle 18.9 6 4.8
~do- 423 ’ ’s ’s Perpendicular 2.1 ’ 6.4
~do- 415 40 " ’s Parallel 24.9 6 4.8
~do- 415 ’s ’s 9 Perpendicular. 2.4 7 5.6
Scolopsis feucofaenia 1003 i ngle s 7 32
~do- ' v ' ’s Perpendicular 2.3 6 4.8
~do- 95 30 ’ ' Parallel 5.7 3 2.4

(Conid....ccenen)
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3 4 5 6 7 8 9
Tefradon sp. 300 80 27 300 Parallel 18.0 6 4.8
~do- . o v » 45°angle 13.5 9 7.2
~do- 100 30 ys . Parallel 6.0 7 5.6
~do~ 95 28 o v " 5.7 8 6.4
Apogon faciatus 100 30 v ' ' 6.0 2 1.6
~-do- . ' . " Perpendicular 1.8 5 4.0
~do-~ 95 25 ' s Parallel 5.7 2 1.6
Platax teira 160 130 ’s . Paiallel 9.6 2 vs
=do- 100 100 . . . 6.0 3 2.4
Siganus vermiculatus 260 93 . . - 21.6 2 1.6
~do~- ’s ' s v 45°angle 11.7 4 3.2
-do- ’ " v ' Perpendicular 5.6 7 5.6
Crysophus burda 420 100 ’ ’ Parallel 25.2 3 2.4
~do- 410 90 ' ’ ' 24.6 3 v
~do- . v v ’ 45°angle 18.4 5 4.0
Lales calcarifer 370 100 ” ' Parallel 22.2 3 2.4
~do-~ 360 98 v " » 21.6 4 3.2
-do- s . . v 45°angle 16.2 5 4.0
Megalops cypernoides 350 125 5 . Parallel 21.0 2 1.6
~do- 337 120 . ” yo 20.2 2 "
~do- 335 118 v ' 45°angle 14.8 3 2.4
Haetodon ollaris - 100 67 ’ ’ Parallel 6.0 4 3.2
~do— 100 67 . v Perpendicular 3.9 6 4.8
-do- 33 20 v ' Parallel 2.0 5 4.0
-do- v ' . v Perpendicular 1.2 8 6.4
Heniochus macrolepidotus 60 40 ’s . Parallel 3.6 6 4.8
~do- ’ vs ’s . Perpendicular 2.4 8 6.4
Epinephelus pantherinus 570 140 > ’ Parallel 34.2 3 2.4
—~do- . . v ys 45°angle 25.7 4 3.2
~do— 550 135 v ' Perpendicular 8.1 8 6.4
Therapon jarbua 128 45 s " Parallel 7.7 2 1.6
~do- . . " ’ Perpendicular 2.7 6 4.8
~do- 120 40 ' v Parallel - 7.2 2 1.6




§ 1 2 3 4 5 6 7 8 9
<« Therapon jarbua 120 40 27 300 45°angle 5.4 4 3.2
= -do- s . vs . Perpendicular 2.4 6 4.8
; ~do- 105 30 " ', Parallel 6.3 2 1.6
o ~do~ 100 25 . " o 6.0 2 1.6
o —~do- .s ’ . v 45° angle 4.5 4 3.2
~do- . ) ’ ' Perpendicular 1.5 7 5.6
©  Dasyatis gerrardii 420 185 , N Parallel 25.2 4 3.2
= ~do- o ’ . ve 45°angle 19.0 6 4.8
~do- ' . v ” Perpendicular 11.1 8 6.4
~do- 410 180 " . Parallel 24.6 4 3.2
—~do- . v ys . 45°angle 18.4 6 4.8

~do- 385 165 ’ ’ Parallel 23.1 6 .
~do- . ' ’s o 45°angle 17.1 8 6.4
‘ (Concld.)

Table 4 Effect of interrupted A, C. of 50 Hz on Apinephelus diacanthus
Implulse voltage: 140
Impulse frequency per minute : 38

Resistance of water in ohms per cc: 350 Impulse duration in secs: 0.8 |
Water temperature: 24°C Density of current in ma/mm2 : 1.2
Position of Effective Place of
Length fish body Potential period of ST L fixation of Time requi- Behaviour
ot?nﬁgsh. axis in drop bet- electrical lef:;;ﬁg;lofsgffu1§ltljl<)lgg fish in red for re- of fish after
mm electrical woeen head  stimulabion electrical covery in recovery,
field. and tail: V in secs. field. secs
1 2 3 4 5 6 7 8
180 Parallel 12.6 0.8 Expanded fins and mouth & No narcosis —_ —_
‘ lay perpendicular to field line, :
. ' . 1.6 Expanded fins & mouth &
turned to-ve electrode. v — e
Narcotised in the same place with
99 ’” ”

2.4 expanded gills & mouth and lay Near middle 9.5 No movement
on side. .

(Contd ....... )
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1 2 3 6 7 8
» 45°angle 9.6 4.0 Moved round the-ve elecirode and Near -ve 339 Died after 38
narcotised with expanded fins & gills. electrode minutes
175 Parallel 12.3 0.8 Expanded fins, moved to -ve No narcosis — —
electrode & stayed perpendicular
to field lines
' v . 1.6 Expanded fins & mouth & moved . — —_
round in the same position
vs , ’ 2.4 Narcotised with expanded fins & Near middle 8 Regains original
gills in middle perpendicular to pigmentation
field lines
o 45° angle 9.1 4.0 ~do- ~do- 8 -do-
150 Parallel 10.5 0.8 Expanded fins and mouth during No narcosis — —
each pulse and move to + ve
electrode when disconnected
. ’s " 1.6 Expanded fins and mouth during No narcosis — —_
each pulse and moved to +ve
electrode when disconnected
. ’ ' 2.4 Moved to middle with expended Near middle 7.5 No movement
fins and mouth & narcotised
.o 45°angle 7.9 4.0 Moved voilently with expanded Near ~ve 55 -
fins and mouth between electrodes elecirode
& narcotised near —ve elecirode.
148 Parallel 10.3 0.8 Expanded fins & moved to middle. No narcosis _ —
. . v 1.6 Expanded fins & mouth and moved v — —
to —ve electrode.
s o ’ 2.4 Moved with expanded fins and Near —ve
month to —ve electrode & narcotised. electrode. 7 No movement
142 Parallel 10 0.8 Expanded gills & mouth & stayed No narcosis. — —
near -+ ve electrode.
Y ' . 1.6 Expended fins & mouth and stayed v — —
in the middle bending the body.
., " ’ 2.4 Narcotised with expanded fins &
mouth and lay on side. Near middle 7 No movement
(Concld............ )
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Table 5 Effect of interrupted A.C. of 50 Hz on Plutosus arab

Impulse voltage: 130

Impulse frequency per minute: 38

Impulse duration in secs

¢ 0.8

Resistance of water in ohms per cc: 3550 Density of current in ma/mm2: 1.2
Water temperature: 25°C Position of fish body axis to electrical field: Parallel
1 h Breadth A £ bod Pot | Effective Place of
engt readt rea of bo otentia riod of S . . fixati T; .
of fish of fish surface: v drop between Igf;ctgf'iczl Behaviour Zfirﬁli}llat?grflng electrical Ofxgslllori]n ;é?er;sggéf'ed
mm. mm, sq. mm, head & tail: V  stimulati- electrical in secs Y
on in secs. field.
1 2 3 4 5 6 7 3
330 37 6270 19.8 0.8 Stays near middle daring the impulse No narcosis. —
& move to —ve violently with jerk
after stimulation.
" s 3 )5 1.6 Moved to middle and narcotised lying Near midd]e. 2.5
on its side during impulise. :
s 9 . . 2.4 Moved a little forward, stunned with . 26
expanded fins & settled at bottom.,
vs ” s v 4.0 Moved to middle, stunaed with v 88
expended fins lay on side.
29 ’e v s 5.6 Stunned near -+ ve electrode with ex- Near+ ve
pended fins and bending of body. electrode. 126
312 28 5928 18.7 0.8 Sudden jerk with bending of body during No narcosis. —
each pulse and moved to + ve electrode.
. ’ ' v 1.6 Moved to middle with jerk and narco- Near middle. 5
tised with belly up.
’ ” ” ’s 2.4 Moved from —ve to middle and then o 10
to —ve electrode and narcotised.
" ’s ’ v 3.2 Bent the body with impulse & moved Near-- ve 18
to +ve electrode and narcotised with electrode.
expanded fins.
(Contd ...........)
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1 2 3 4 5 6 7 8
215 25 4095 12.9 0.8 Bending of body with tremour during No narcosis —
each pulse. Moved to + ve electrode
after each pulse.
Y 9 99 I 1.6 - do - . 39 —
” " ’ . 3.2 Moved slowly to middle with bending  Near+ ve
of body, narcotised with expanded fins
‘and lay on side. electrode. 9
) ' ' ' 4.0 Moved slowly to +ve electrode with ' 13
bending of body and narcotised with
expanded fins.
' 4 ’ . 6.4 - do - ' 18

Movement of fish after recovery: Nil. (Concld....orennee.)

Table 6 Effect of interrupted A. C. of 50 Hz on Chiloscyllium indicum

Impulse voltage: 130
Impulse frequency per minute: 38
Impulse duration in secs: 0.8

Resistance of water in ohms per cc: 800 Density of current in ma/mm2: 1.2
Water temperature: 26°C Position of»ﬁsh body axis to electrical field: Parallel.
Area of . Effective Placo of ..~ .
Length Breadth body sur- dP‘oter;)tgg.l period of _ fixation Time requi- Movement of
of fish: of fish! - face of el(;)p hea::l elecirical Behaviour of fish during electrical stimulation - of fish red for fish after
mm, mm, fish: ween o stimulati- in electrical recovery reco
8¢ mm, and tail: V- 7 secs. field. N 8ees. very
1 2 3 4 5 6 , 7 8 9
450 65 13950 27 0.8 Sudden jerk with impulse and moved No narcosis. -— —
to + ve electrode quickly.
' ’ ’ ’ 3.2 Moved to +ve electrode with jerk  Near -+ ve Moved between
during each pulse. . electrode. 23 electrodes.
' ’s ” " 40 Moved from -+ ve electrode to middle Near
of the field with jerk during middle, 36

each pulse. ”

(Contd ...........)
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i 2 3 4 5 6 7 8 9
448 65 13888 . 0.8 Sudden jerk with impulse and moved No narcosis., — —
to —ve electrode slowly.
., . ), 3.2 Moved from middle of the field to  Near+ve No
” +ve electrode with jerk during electrode, 91 movement.
each pulse.
440 62 13800 26 0.8 Sudden jerk with impulse, turned No
back and moved to —ve electrode. narcosis. —_ e
., ) ' 3.2 Moved from middle to -+ ve elecirode . —_— —_—
” with jerk during each pulse.
. . ., s 4.0 - do - Near+ ve No
electrode. 47 movemeant
, " s ’ 5.6 Move from —ve elecirode to +ve Near-} ve 59 No
’ electrode with jerk during each pulse. electrode, movement,
420 55 13180 25 0.8 Moved between elecirodes with sudden No
jerk during each pulse, narcosis. — —
) i ' . 1.6 Moved to —ve electrode with . —_— —
sudden jerk during each pulse.
) s ) ) 4.0 Moved from - ve elecirode to the —ve »s — —_
electroqe with jerk during each pulse.
s . s ) 4.8 Moved between the elecirodes with Near—ve No
jerk during each pulse. electrode, 38 movement,
. ’, ' » 5.6 Moved from —ve electrode to --ve  Near +4ve
electrode with jerk during each pulse. electrode. 55 ’s
415 52 13025 ) 0.8 Sudden jerk with the pulse and No
moved slowly to 4 ve elecirode. narcosis. _— o
s ’ . ” 4.0 Sudden jerk with each pulse and
moved slowly to—ve elctrode. ” — —
v v ’ » 5.6 Moved from—uve electrode to 4 ve Near+ve No
elecirode with jerk during each pulse. electrode. 32 movement,
s ’ ' " 6.4 Moved from middle to + ve electrode
with jerk during each pulse. . 54 '
”s v ’ ’ 7.2 Moved between electrodes with Near—ve
jerk during each pulse & ultimately electrode. 75 ’
stayed near —ve electrode.
400 45 12808 24 4.8 Moved beiween electrodes with jerk No
~ during each pulse with body bending. narcosis. —_ —
s . v ’ 5.6 Moved to middle with bending of  Near No
body like arch during each pulse. middle i1 movement,

002

(Concld.esronsoneen)
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Table 7 Effect of interrupied A. C. of 50 Hz on fishes of different varieties

Impulse voltage: 130
Impulse frequency per minute: 38
Impulse duration in secs: 0.8

Resistance of water in ohms per cc: 300  Density of current in ma/mm2: 1.2
Water temperature: 27°C Movement of fish afier recovery: Nil.
Area of Position . Effective ' Place of Tiae
Potential . . T
Length  Breadth  body sur- of fish d:o;nb;%- period of ) ) loated _ ‘ fixation 1eq%11red"
of fish: of fishs face of body axis hoad electrical ~ Behaviour of fish during electrical stimulation _ of fish or
mm. mm. figh: to electrical weflnt _<la.av stimulation in electrical recovery
sq mm. field. and tail in secs field. in secs.
| 2 . 3 4 5 6 7 8 9

Muraena undulata:

500 50 12200 Parallel 30 0.8 Moved violently to 4 ve and - —ve No
electrodes. pnarcosis. -—
., n s . . 2.4 Moved violently to -+ ve electrode, Near
then to middle & narcotised. middle. 1.2
‘ ., . 4.0 Moved to middle and narcotised Near
i : v bending body & lay on side. middle. 2
. . ., v v 5.6 Moved to middle and then to —ve Near —ve
_ and lay on side & narcotised. elecirode. 2.8
., . ’ ’ 1.2 Moved from middle to + ve elec- Near
i trode and narcotised with body middle, 3.8
bending like arch. :
423 35 9306 ’ 25 2.4 Moved to -+ ve electrode violently and No
stayed near it. narcosis, —-
. . " - 3.2 Moved to middle, narcotised & lay Near middle 4.6
v on side.
., ., . ., ' 4.8 Moved towards - ve electrode, s 13

narcotised near middle and lay on side.

(Conid..cvonconsa)
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1 2 3 4 5 6 7 8
. . ’ 43° angle 19 4.8 Moved to middle, narcotised & Near
lay on side. middle.
v v ) Perpendi- 2 6.4 Moved to 4- ve electrode, narcorised Near-+ ve
cular. & lay on side. electrode.
415 40 9130 Parallel 25 32 Jumped out of water voilently & No
moved to +ve elecirode. : narcosis.
) ) . ) 48 Moved violentily to +ve and then Near
? | to —ve elecirode & ultimately middle.
narcotised.
, . s ’ 5.6 - do - ),
: :, s Perpendi- 2.4 » Moved towards middle, narcotised )
cular. and lay on side.
} " . ) 16 Moved towards —ve electrode & Near—uve
” ”? narcotised bending body. electrode.
., ., ., ,s ) 6.4 ~do - )
Scolopsis leucotaenia
100 37 2500 Parallel 6 0.8 Moved to middle with small jerk No
and expansion of fins. narcosis.
1.6 Moved to —ve electrode with ex-  Near—ve

39 929 92

panded fins, narcotised and floated electrode,
on surface with belly up.
2.4 Moved to middle with expanded Near

fins, narcotised & lay on side. middle.
. » 3.2 Moved with expanded fins fowards Near+ ve
” ” ’ the bottom and narcotised, electrode.
. ) ’ 5.6 Moved to - ve electrode with ex- Near4- ve
” ” panded fins, narcotised and lay electrode.
on side, ,
v, " ” 45° angle 4.5 0.8 Moved a little with jerk and expan- No
ded fins and stayed. . narcosig.
(Contd...........
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1 2 3 4 5 6 7 8 9
. ' ” ' ’s 1.6 Expansion of fins and stayed » -
towards bottom.
95 99 59 39 99 2.4 - do - 29 -
’ . . " ’ 3.2 Moved to —ve elecirode with ex-  Near—ve
panded fins and narcotised. electrode. 4
s ’ v Perpendicular, 2.3 4.0 Moved a little with expanded fins No
with jerk. narcosis, —
’ . " . ' 4.8 Narcotised with expanded fins and  Near—ve
lay on side. elecirode. 1.5
Tetradon sp:
300 80 21200 Parallel 18 4.0 Moved to middle with expanded fins No narcosis —
and jerk during each impulse,
s ' . . ’ 4.8 Moved violently to -4 ve electrode  Near4-ve
with expanded fins and narcotised. electrode. 3.5
s v " ' v 7.2 Moved to middle and narcotised Near
with stretching of fins and bending middle, 61
of body.
s ., . . ys 12.8 Moved to surface, narcotised and Near—ve
floated with swelled abdomon. electrode. 86.5
100 30 7100 ’ 6 4.8 Moved from surface to bottom & No
then to middle. narcosis,
. . s . v 5.6 Moved to + ve electrode, narco- Near +ve
tised & lay on side. electrode. 34
, . ’ 9.6 Moved to middle and narcotised in Near
? ”? ’ a position perpendicular to middle. 86
field lines.
Apogon faciatus:
2200 s ’s 0.8 Moved to surface near —ve elec- - No
”? ”’ trode with expended fins. narcosis,  —
59 99 59 1.6 - do - Near—ve
»” ” & narcotised electrode. 1.2
. ., , ' v 3.2 Narcotised in the same position  Near
with expanded fins & lay on side. middle 3.5

(Contd
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Platax teira:
160 130 16700 Parallel 9.6 038 Expansion of fins & moved to No
middle with jerk. narcosis, —
) ’ ’ ’ ’s 1.6 Moved to 4 ve electrode, narcotised Near+e
& lay on side with expanded fins. electrode. 5
s ’, ’s ' ’ 2.4 -~ do - ' 5.8
100 100 11100 ’s 1.6 Moved from +ve electrode to —ve No
' with each pulse. narcosis. —
5 » 2 ' . 2.4 Moved to middle, narcotised & Near middle 6
lay on side.
9 95 tH R 9 3.2 - do - " 6
Siganus vermiculatus:
260 93 15400 ’ 21.6 0.8 Expaasion of fins & moved No
violently {o + ve elecirode. narcosis, —
, ., ., ) » 1.6 Jumped to 4+ ve elecirode with Near+ ve
7 expanded fins & narcotised. electrode. 2.5
., ., ) ’ " 3.2 Moved violently from —ve elec- ’ 6.5
trode to +ve & narcotised.
. Perpendicular 5.6 5.6 Moved to middle with expanded Near middle 8.2
7 ” fins & narcotised.
Crysophus burda.
420 100 19460 Parallel 25.2 1.6 Moved violently to + ve electirode No
with expanded fins. narcosis. —
, ), ) ’ 2.4 Moved round the +ve electrode,  Near+-ve
” ? narcotised & lay on side. electrode. 2
\ ) . . ), 4.0 Moved violently to the —ve elec-  Near—ve
o trode with expanded fins and elecirode, 42
parcotised,
Lates calcarifer.
370 100 24500 » 22.2 1.6 Moved forward with jerk and ex- No
panded fins and operculum. narcosis. —
y . s » ’ 2.4 Moved to middle with expanded Near
fins & gills & narcotised. middle. 4.5
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<0¢

ADOTIONHOE ], AMHHSI
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. N — » 0 3.2 Moved to --ve electrode with ex- Near--ve
panded fins & gills & narcotised, electrode, 50
(Died after
10 minutes).
Megalops cypernoides:
350 125 . Parallel 21 0.8 Expansion of gills & move to +ve No
electrode. narcosis,  —
' v — ’ ’ 1.6 Moved violently to 4 ve electrode, Near+ ve
narcotised with belly up & floated electrode. 180
on surface.
’ . — ' ’s 2.4 Moved violently with expanded
gills & fins & bending of body ~do - 252
and narcotised.
337 120 — ’ 20.2 0.8 Moved violently to + ve elecirode No
with bending of body & expansion narcosis. —
of gills & fins.
9 ” — » ’s 1.6 -do- Near +ve
electrode. 6.5
. . —_ ” ) 2.4 Moved violently to middle with
bending of body, expansion Near
of fins & gills & narcotised. middle 8
Haclodon ollaris: .
100 67 — ’s 6 v Expansion of fins during each No —
pulse. narcosis.
. s — ' " 3.2 Moved to middle with expan- Near
sion of fins, head down. middle. 3.5
s . — v ’ 4.0 ~do- -do- 4.5
s s —_ . ' 4.8 Moved towards - ve electrode, ' 7
parcotised & lay on side,
" ., —  Perpendicular. 4 ' Moved round - ve electrode with Near+ ve
expanded fins & narcotised. electrode. 4
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) 33 20 — Parallel 2 3.2 Moved little with jerk and No |
= expansion of fins during pulse.  narcosis, -—
= . ., —_ ), " 40 Narcotised with expansion of Near
g fins during each impulse. middle. 2.6
o ., ., —  Perpendicular, 1.2 6.4 -do- ” 1.5
= s s —_ Parallel 2 ' Moved to —ve electrode in an Near-ve
3 elliptical path & expanded fins & electrode., 3.8
narcotised
Heniochus macrolepidotus:
60 40 —_— ’ 3.6 4.0 Expansion of fins during each No
pulse & tremour of body narcosis, —

., " —_ . ' 4.8 Moved to 4 ve electrode with Near+ve
expanded fins, narcotised & lay  electrode. 3.8
on side.

’s ) —  Perpendicular. 2.4 7.2 Moved to ~ve elecirode with Near-ve
expanded fins and jerks, narcotised electrode 6.5
& lay on side.

. ., — ), . 9.6 Moved to + ve elecirode with Near+ ve
expanded fins, narcotised & lay elecirode. 8
on side.

. N — " ’ 10.4 Moved to -ve electrode with Near-ve
expanded fins, narcotised & lay elecirode. 10
on side,

Epinephelus pantherinus:
570 140 Parallel 342 1.6 Moved to + ve electrode violently No
with expanded fins. narcosis, —_

., N — ’ ) 2.4 Moved to + ve elecirode with Near-- ve
expanded fins and narcotised. electrode. 11

. . _ . s 3.2 -do- -do- 13

., . — 45%ngle 25.7 ’ Moved to -ve electrode with Near-ve
expanded fins & narcotised. electrode. 12

S (Contd.eru e
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Therapon jarbua:
128 45 3840 Parallel 1.7 1.6 Narcotised with expanded Near 16
gills and fins. middle.
» ’ " ’ ’9 2.4 -do = Near+ve = 26
with electrode.
» " ' ’ ’s 4.0 - do = Near 61
’ middle.
2 o 5 Perpendicular 2.7 4.8 -do - Near 4-ve 50
electrode.
» 2 2 5 5 8.8 - do - Near Death after
lay on side. middle. 8 minutes
120 40 3600 Parallel 7.2 1.6 Moved to —veelecirode and narco- Near 9
tised with expanded gills & fins. — ve elec-
trode.
5 5 " 25 a 2.4 Narcotised with expanded Near 17
' gills and fins. middle
5 s ., Perpendicular 2.4 8.8 - do - Near Death after
middle. 17 minutes,
105 30 3150 Parallel 6.3 1.6 Jumped to middle and narcotised y 7.5
with expanded gills & fins.
5 » 5 2 5 2.4 Moved violently to middle in a 5 3

circular path and narcotised with
expanded gills and fins.

2 . . 5 55 3.2 Narcotised with expanded 5 4
gills and fins.
5 5 . Perpendicular 1.8 11.2 - do ~ Near+4ve Death after
electrode 10 minutes.
103 30 3090 Parallel 6.15 1.6 Moved to -+ ve electrode violently
and narcotised with expanded 0 4
gills & fins.
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’ » » ’s vy 2.4 Narcotised with belly up and ex- ' 6
panded gills & fins.
» ) . ) . 3.2 Moved violently {o -+ ve elecirode vy 14
& narcotised with belly up aad
expanded gills & fins.
s " ’s 459 angle 46 3.2 ~do - . 8
» ’s . Perpendicular, 1.8 1.2 Narcotised with expanded gills & Near Death after
fins & lay on side, middle. 20 minutes.
10C 25 3000 Parallel 6.0 1.6 Narcotised with expanded gills & fins. ,, 2
vy vs ' » . 3.2 - do - ’s 3
’s . ’ 45° angle 4.5 3.2 -do - ’ 2
) s ’ Perpendicular 1.5 12.0 - do - ) Death after
7 minutes.
Dasyatis gerrardii:
420 185 23200 Parallel 25.2 0.8 Bending of sides during impulse No Moved to +ve
and no movement. narcosis. electrode,
, . s ' ' 3.2 Bending of sides with tremour. Near 120
middle. Moved to + ve
electrode,
., ) , " ' 8.0 Bending of sides with tremour Near+ve 139
during each pulse & moved to electrode. Stayed near
+ve electrode, + ve electrode.
. " ' 45° angle 19.0 4.8 ~do - Near—ve
Moved to —ve electrode, electrode. 104
Moved to + ve
electrode,
" b ,,  Perpendicular. 11.1 6.4 - do ~ ' 75
410 180 22650 Parallel 24.6 0.8 Bending of side during tmpule & no No .
movement, narcosis Moved to -+ ve

electrode,
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i 2 3 4 5 6 ' 7 o 8 )
2 ” » 9 ’ 3.2 —~do - moved to +ve Neart ve
electrode, glectrode. 03
5 " 55 9 »s 4.0 ~do - moved to middie Near ’
middle. 76
Moved to --ve
elecirode.
v s v 45° angle 18.4 4.8 ~-do - narcotised, Near-—ve

electrode, 58

9>

385 165 21650 Parallel 23.1 0.8 Bending of sides with contraction  No narcosis

of body and no movement. »
’e ' . v . 4.8 Bending of sides with treamour & Near

moved to middle & narcotised. middle, 149
99 23 99 99 3% 64 = dO = 99 218
. ' ’ 45° angle 17.1 ve Bending of sides with each pulse Near—e

and narcotised. _ electrode. 76
93 99 99 99 9 11-6 b dO ind NG&T—I‘ 54 .

electrode. 205
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Table & Effect of

repeated stimulation on fatigue and accomadation of fishes '

Impulse frequencey per minute: 38

Impulse duration in sec: 0.8

Density of current in ma/mm2: 1.2

Resist Movement No of Period Gill move-~
Species Lﬁnﬁ%tﬁ- ‘I;Jempre? ance of of gills/ impu- eofex- _ments
ot 1nsh: ure o water: minute be- ises posure: minute after
mm water: °C ohmsfce.  fore expt. given gecs expt.
Chiloscyllium indicum 450 26 800 26 14 11.2 24
~do- 440 ' ’ 84 18 14.2 80
~do- 420 s v 100 19 15.2 %%
~do- 415 ., . 88 24 15.2 84
-do- 400 s vy 80 26 20.8 94
Apiniphelus diacanthus 180 24 350 76 14 11.2 56
-do- 175 v )s 76 14 11.2 36
-do- 150 v . 28 15 12.0 36
-do- 148 . ys 8 14 11.2 68
~do- 142 ' vs g3 15 12.0 60
Megalops cypernoides 350 27 300 80 8 6.4 76
-do- 337 ’ ) 80 10 8.0 72
Platax teira 160 . ) 180 12 9.6 188
—-do- 120 s v 168 17 13.6 208
Haetodon ollaris 101 ’ v 264 19 15.2 304
-do- 33 ' 5 258 32 25.6 293
Lates calcarifer 370 v ’ 62 16 12.8 48
Crysophus burda 420 ” » 96 I5 12.0 112
Heniochus macrolepidotus 60 v vy 228 41 32.8 180
Siganus vermiculates 260 . v 188 13 14.4 192
Epinephelus
pantherirnus 570 " v 40 26 20.8 30
Plutosus arab 330 25 550 100 17 13.6 84"
~do- 312 " e 100 13 10.4 88
-do- 215 " ’s 144 19 15.2 120
Muraena undulata 500 27 375 40 36 28.8 36
~do- 425 . ) 64 21 16.8 56
~do- 415 v ’s 60 49 30.2 40
Scolopsis Jeucotaenia 100 Y sy 500 180 13 10.4 200
~do- 100 ’s ' 212 15 12.0 216
—do- 100 ’ v 200 17 13.6 216
Tetradon sp. 300 s ’s 84 47 37.6 28
~do- 100 ’ s 128 40 320 108
Apogon faciatus 103 ., " 132 15 12.0 104
Therapon jarbua 128 ’s 4350 216 27 21.6 12
~do- 120 . ’s 212 15 12.0 g
~do- 105 ’ ) 200 13 12.0 120
—~do- 103 ’s . 266 19 15.2 120
~-do- 100 . 21 21 16.8 56
Dasyatis gerrardii 430 5 ’ 132 35 28.0 84
-do- 400 0 ' 132 o 15.2 92
~-do- 385 » o 128 27 21.6 88
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of current (1.2 ma/mm2) are shown In
table 3. Apiniphelus diacanthus of 142
to 180 mm exhibited narcosis in body
voltage of 7.87 to 12.6 in 2.4 to 4 seconds.
Plutosus arab of 215 to 312 mm were
stunned in 1.6 to 3.2 seconds when the
voltage drop between their head and tai]
were 12.9 to 18.7. Chiloscyllium idicum
between 400 and 450 mm length were
bypnotised in 2.4 to 5.6 seconds when
subjected to body voltages of 23.7 to 27.

Potential drops of 2.1 to 30V brought.

about narcosis and fixation of Muraena
undulata of 400 to 415 mm in 2.4 to
6.4 seconds. Scofopsis Jeucotaenia with
lengths of 95 to 100 mm required a poten-
tial drop of 2.3 to 5.7 for paralysis in
1.6 to 4.8 seconds. Tefradons of 95 to
300 mm were narcotised in 4.8 to 7.2
seconds when subjected to body voltages
of 6 to L8 The body wvoltages for
narcosis and fixation varied according to
length and position of the fish body in
the electrical field. The fish which lay
parzallel to the direction of current con-
duction was subjected to more potential
drop between head and tail than in any
angle to the direction of electrical lines or
perpendicular to the lines of force for a
given size.. Apogon faciatus of 95 to
100 mm, Platax feira of 100 to 160 mm,
Siganus vermiculatus of 260 mm Cry-
sophus burda of 410 to 420 mm, [ales
calcarifer of 360 to 370 mm, Megalops
cypernoides of 335 to 350 mm, Haetodon
olfaris of 33 to 100 mm, Heniochus
macrolepidoius of 60 mm, Epinephelus
pantherinus of 550 to 570 mm, Therapon
jarbua of 100 to 128 mm and Dasyatlis
gerrardii of 385 to 420 mm were narco-
tised in body voltages of 1.8to 6, 6 to
9.6, 56 to 21.6, 18.4 to 25.2, 162 to
22.2, 148 to 21, 1.2 to 6, 2.4to 3.6,
2.1 to 34.2, 1.5 to 7.7 and 1L.1 ¢o
25.2 volts respectively (table 3). The
effective periods in the present series of
experiments, for marcosis and fixation of
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&ish were more with the decrease of poten-
tial drop between head and tail irrespective
of varieties. In Apiniphelus diacanthus
the period for narcosis was raised to 4
secconds from 2.4 when the body voltage
was lowered to 7.87 from 10. Effective
period of narcosis in  Muraena undulata
increased to 5.6 secs from 4.8 secs when
body voltage was decreased to 2.4 from
24.9. Scolopsis leucotaenia of 100 mm re-
quired 4.8 seconds for stunning; when
subjected to body voltage of 2.3.. On
increasing the body voltage to 6, the period
for narcosis was reduced to 1.6 secs. Simi-
lar reduction in effective periods for nar-
cosis has been noticed in Siganus vermicu-
latus of 260 mm, Therapon jarbua of
120 mm and Dasyatis gerrardii of 420 mm
with increase of potential difference.

Apiniphelus diacanthus of 149 to
180 mm exhibited marcosis and fixation
only when the exposure to current was for
2.4 seconds or more in body voltages of
10 to 12.6. A decrease in body voliage
to 7.87 increased the effective period for
narcosis to 4 seconds. Though the re-
guirement of effective period for mnarcosis

.of fish did net vary from 2.4 seconds be-

tween 142 to 180 mm of fish length, vyet
the intensity of shock in large sized fishes
was great and could regain senses only
in 9.5 secs in case of 180 mm as against
7 secs in case of 142 mm (table 4).

Plutosus arab between 215 to 330 mm
felt the impulse with sudden jerk and
bending of body accompained by tremour.
Movement of fishes occurred during elec-
trotaxis and were parcotised in 1.6 to
2.4 seconds in every case at body vol-
tages between 12.9 fo to 19.8.  Fishes
of 215 mm required a greater effective

period of 2.4 seconds while those between
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312 to 330 mm were narcotised in 1.6
seconds.  With the gradual increase in
period of exposure to 5.6 secomds an
intense effect on the fish of 330 mm was
observed delaying t(he recovery of fish up
to 126 seconds despending on the period
of exposure (table 3).

The effctive periods for initiating taxis
and parcosis of Chiloscyllivm indicum
varied inversely from 3.2 to 5.6 seconds
with decrease of length from 450 10 400 mm
in potential differences of 27 o 24 volts
between their heads and tails. Movement
of fish accompanied with intermittent
serks during each pulse occurred during
clecirotazis.  On reaching the threshold
i the fish underwent hy-

L)

sifsctive period,
ponosis.  The periods of recovery from
hypnosis were lomger with the imcrease of
periods of stimulation for the fish of
same length (table 6).

Marine eel (Muraena undulata) of
415 to 500 mm showed narcosis and
fixation in 2.4 to 4.8 seconds with gradual
increase im effective periods with the
decrease of fish length when subjected
to potentital difference of 24.9 to 300
volts. Viclent movements were observed
prior to marcosis. The peried of recovery
of fish was delayed 10 3.8 secs from 1.2
secs with increase of dvration of shocks
to 7.2 seconds from 2.4 seconds (table 7).

In a fixed density of current of 1.2
ma/mm?2, Tefradon sp. of 300 mm re-
mained stunned in 4.8 seconds, while 5.6
seconds were required to narcotise a fish
of 100 mm. Effective periods of 1.6, 3.2 and
4.8 seconds induced narcosis in Scofopsis
Jevcolaenia of 100 mm when subjected to
voltage temsions of 6, 4.5 and 2.3 re-
spectively. Increased periods of shock
intensified the effect om the fish causing
delay in recovery in case of both Scofopsis

leucotaenia and Apogon faciatus (table 7).

Platax teira of 160 mm were narco-
tised in [.6 seconds when subjected to a
body voltage of 8.6 while that of 100 mm
required 2.4 seconds when the voliage ten-
sion. was 6. At potental differences of
21.6, 252 and 22.2 volts created between
the head and tail of Siganus vermiculatus
of 260 mm, Crysophus burda of 420 mm
and Lafes calcarifer of 370 mm, intense
cifects were observed with the increase in
effective periods resulting in delayed reco-
very of fishes (tabie 7).

Though  Megalops cypernojdes of
both 350 mm and 337 mm required 1.6
to 2.4 seconds to exhibit narcosis in body
voltage of 21 and 20.2, yet the effscts on
longer fishes were more prolonged than on
smaller ones as the latter recovered in 6.5
to 8 seconds, while the former took 180
to 252 seconds to regain their normal
positions. Haetodon oliaris of 100 mm
were stunned in 3.2 seconds as against 4
seconds reguired for a fish of 33 mm.
Epinephelus pantherinus of 570 mm,
Heniochus macrolepidotus of 60 mm and
Haetodon oflaris of 100 mm took longer
periods for recovery with increased periods
of stimulation when treated with potentia]
differences of 34.2, 2.4 and 6 volts, respec-
tively (table 7). Movement during taxis
prior to narcosis occurred with expansion
of gills, fins and tremour of the body in
most of the wvarieties.

Therapon jarbua of 128 mm, required
a higher potential of 7.7 volts than that
of 100 mm (€ volts) for marcosis. The
effective period for mnarcosis however
remained 1.6 seconds irrespective of
variation in length of fish. But the effect
on bigger fish was so intense that it took
16 seconds for recovery, while fishes of
120 mm, 105 mm, 103 mm, and 100 mm
recovered ia 9, 7.5, 4, amd 2 seconds
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respectively  (table
marine species 80% of Therapon jarbua
did not exhibit any movement during
electrotaxis and were narcotised in their
original places with sxpanded gills and fins.
On prolonged exposure to the current for
8.8 to 12 seconds, Therapon jarbua of 100
to 128 mm did not recover from the shock
and died within 7 to 20 minutes after the
exposure. The periods of narcosis were
also prolonged with increase in effective
periods and fishes of 128 mm, 120 mm,
103 mm and 100 mm recovered in 61, 17,
14, and 3 seconds respectively when
subjected to eleciric shocks of 4, 2 4, 3.2,
and 3.2 seconds (iable 7).

Desyatis gerrardii, 285 to 420 mm, felt
the electric current by bending of sides
accompanied by tremour of body during
taxis and were stiunned in the same place
without any movememet in the electrical
field. Fishes of 420 mm were narcotised
in 3.2 seconds, whereas those of 385 mm
took 4.8 seconds for narcosis. Intensive
cffects of shocks have been observed with
increase in effective periods irrespective of
size of fishes (table 7).

Higher voltage gradients were needed
o produce the minimum response in a
atigued fish than in a rested or fresh
fish in an A. C. field (Bary, 1956). The
effect of interrupted A. C. on the general
behaviour of fish were studied. The rate
of gill movement of Platax teira, Hae-
tadon ollaris, Crysophus burda, Siganus
vermiculatus, Scolopsis leucotzenia incre-
ased with treatment of impulse current of
different cffective pariods irrespective of
size of fishes indicating increased respira-
tion after shock ireatment (table 8).

G

Loty

No significant effect was observed on
the period for narcosis and recovery im

relation to repeated stimulation in case of
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7}, Unlike other’

Catla catla and Cirrhina mrigala which
was possibly due to the accomodation of
nerves and subscguent fatigue of the fish
(Biswas, 1969

Lowered activity was observed in case
of all other species tried as shown by
decreased rate of gill movements after
electric shocks of different effective periods
irrespective of fish length (table 8).

CONCLUSIONS

In an interrupted A. C. of 50 H=z
having a fixed impulse frequency of 38/
minute and constant current density of
1.2 ma/mme, marine fishes exhibited elec-
trotaxis and narcosis on reaching the opti-
mum period of flow of current through
them. The visible reactions were stretching
of fins, tremour of the body and change of
place accompanied by either specific move.
ment towards the electrodes or at random
in the field till the narcosis set in. Some
fishes like Therapon jarbua aund Dasyatis
gerrardii, underwent narcosis in the same
place without any movement in the electrical
field. Though therequirements of minimum
current flow varied from species to species
it was within the range of 2 ¢o 6.8 seconds
irrespective of fish size at a fixed impulse
duration of 0 8 seconds. 12.5 to 75% of
16 species moved towards increasing poten-
tial during eletrotaxis and narcosis, while
12 10 58% of 14 varieties exhibited oscillo-
tactic reaction and placed their body axis
perpendicular to lines of force. Only 8
to 50% of 8 wvarieties swam towards the
counter pole during electrotaxis. Cry-
sophus burda was narcotised in 1.6 to
48 seconds while Muraena undulata
Eipnephelus pantherinus and Dasyatis
gerrardii, were stunned only in 2.4 to 6.4
seconds at potential drops of 11.1 to 33
volts between their heads and tails, Simi-
larly Megalops cypernoides reacted earlier
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(1.6 to 2.4 seconds) thau Lafe calearifer
and Dasyatis gerrardii. Tetradonsp also
showed narcosis in higher effective period
compared with Haelodon ollaris, Platax
teira, Thearpon jarbua, Scolopsis leuco-
faenia and Apogon faciatus.

The cffective periods required for
narcosis and fixation varied inversely with
the potential drop created between the
head and tail of the fish. Fishes of greater
length were subjected to more voltage
tension than smaller ones, causing earlier
effect on large sized fish in smaller effective
period. The same fish which was placed
parallel to the ficld lines was subjected to
higher potential difference between head
and tail than that situated at an. angle to
electrical lines. With increase in angle the
voltage tension between head and tail de-
creased and was lowest at right angles to
the flow of current conduction causing the
requirement of higher effective period for
narcosis and fixation of fishes. The inten-
sity of electric shock on fishes was more
with increase in period of exposure to

VoL VIIT No. 2 1971

- Bary, B, 1956.

current and took longer period for re-
covery. Interrupted A. C. of 50 Hz
affected fishes with a difference in rate of
gill movements before and after shock
treatment.
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