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ABSTRACT

BARHAM, W. T., SCHOONBEE, H. J. & VISSER, J. G. J., 1988. The use of qlectronarcosis' as
anaesthetic in the cichlid, Oreochromis mossambicus (Peters). 11. The effects of changing physical and electrical
parameters on the narcotizing ability of alternating current. Onderstepoort Journal of Veterinary Research, 535,

205-215(1988).

The effects of wave form, voltage, frequency and current as well as application time on the narcotizing
ability of alternating current were investigated. A 60 Vrms, 50 Hz sine wave current applied for 30 s produced
narcosis of sufficient duration to enable handling and blood sampling. A triangle wave form was inferior in
narcotizing ability to both sine wave and square wave forms.

Duration of narcosis increased with increasing water conductivity but was reduced by increasing water

temperatures.

INTRODUCTION

_ There is a general lack of conformity in the combina-

tion of electrical parameters employed to electronarco-
tize fishes (Kynard & Lonsdale, 1975; Madden & Hous-
ton, 1976). In order to develop practical standardized
procedures for fresh water fish, attention was given, in
the present study, to the possible effects of changes in
particular electrical and related physical water para-
meters on the narcotizing ability of electronarcosis.

According to the literature (Scheminzky & Bukatsch,
1941; Meyer-Waarden, 1957), fishes respond differently
to alternating and direct currents. The question, how-
ever, is not just whether there is a difference between the
effects on fish of alternating and direct currents per se,
but of the quality of narcosis induced by different alter-
nating or direct current configurations. Only after this
has been established can recommendation be made
regarding the most suitable combinations to use. Ideally,
a suitable narcotizing current must induce deep anaesthe-
sia with little or no physical and physiological stress to
the fish. In evaluating this problem, due consideration
must be given not only to the electrical parameters in-
volved but also to water quality and temperature, as well
as to factors such as size of fish and species specific
responses.

The effects of changing physical and electrical para-
meters on the narcotizing ability of direct current will be
dealt with in Part III.

MATERIALS AND METHODS

For materials and (Frocedures used in this investigation
readers are referred to Part I of the series (Barham,
Schoonbee & Visser, 1987a). In this study the experi-
mental groups consisted of 8 acclimated fish each.
Unless otherwise stated, the wave form used for
electronarcosis was a 50 Hz sine wave at 60 Vrms.

Aquaria were 60 cm long and water temperture was
20 °C unless otherwise stated.

RESULTS
Effects of wave form and voltage

_Three alternating current wave forms, square, sine and
triangle were evaluated at a frequency of 50 Hz at 3
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different potentials and the results are recorded in Tables
1-3. A comparison of the effects of different wave forms
at a potential of 60 Vrms (Table 3) shows that, although
a square wave produced the longest enduring narcosis,
this was not significantly longer (P>0,1) than the narco-
sis time induced by a sine wave. Square wave narcosis,
however, was statistically significantly longer (P=0,02)
than that produced by a triangle wave. This situation was
also observed for ogercular recovery times and narcosis
coefficients (Table 3).

At a potential of 45 Vrms the picture changes and a
sine wave induces the longest narcosis time which statis-
tically is significantly longer (P=0,01) than the narcosis
time induced by a square wave (Table 2). The mean
narcosis time of 62,4 s for a sine wave, however, was
not si%niﬁcantly longer than the mean time induced by a
triangle wave. Mean opercular times and mean narcosis
coefficients also reflected this pattern, but recovery
times did not differ significantly from one wave form to
another (Table 2). In contrast, there were no significant
differences in narcosis times between any of the 3 wave
forms at 30 Vrms.

The effects of different electrical potentials on the
duration of narcosis induced by a particular wave form
are recorded in Tables 4-6. A comparison of the results
obtained clearly shows that for all 3 wave forms investi-
gated mean narcosis times were positively related to in-
creasing eletrical potentials (voltage), with distinct in-
creases at 60 Vrms for all 3 waves (compare Tables
4-6). The same was generally true for both opercular
recovery times and narcosis coefficients. Square wave
recovery times increased consistently with increasing
voltage but these differences were not significant.

The same was true for both opercular recovery times
and narcosis coefficients. Only square wave recovery
times increased with increasing voltage, but these dif-
ferences were not significant. Both triangle and sine
wave recovery times were depressed at 45 volts, al-
though differences ranging from significant to very sig-
nificant were only apparent between the different vol-
tages in the case of triangle waves (Table 6).

When considering the effect of different potentials, it
is important to appreciate that, if the conductivity of the
circuit remains constant, decreasing potentials result in
decreased current flow, i.e., a drop in amperage. Thus
changes in observed times may also be attributed to
changes in current flow (see below for an elaboration of
this point). Since the electrical main supply in South
Africa is a sine wave current it was decided to use this
wave form to evaluate the other electrical and physical
parameters.
























Length (cm) Mass (g) Vggr‘;‘;u‘; é‘(’;’)" Narcosis time (s) | Recovery time (s) a‘gl;f(; ;r‘;l'_‘.‘)

n= 8 8 8 8 8 8
Minimum 20,4 142,3 31,3 66,5 11,3 2,7

» Maximum 24,2 276,4 51,4 124,8 73,6 5,8

v Range 3,8 134,1 20,1 58,3 62,3 3,1
Mean 22,4 210,7 39,7 100,3 35,0 4,5
Standard dev. 1,4 43,4 6,8 22,0 19,5 1,0
Standard err. 0,5 15,3 2,4 78 6,9 0,4
n= 8 8 8 8 8 8
Minimum 22,5 185,9 24,3 60,2 38,7 2,4

» Maximum 28,2 3257 99,7 2439 190,4 10,8

K Range 5,7 139,8 75,4 183,7 151,7 8,4
Mean 25,2 267,4 51,1 156,8 95,4 6,3
Standard dev. 1,6 40,3 25,0 70,8 50,1 3,1
Standard err. 0,6 14,3 8,8 25,0 17,7 1,1
n= 8 8 8 8 8 8
Minimum 19,7 120,2 41,0 172,9 3,4 6,8

« Maximum 27,7 394,7 71,9 334,0 65,0 14,5

v Range 8,0 274,5 30,9 161,1 61,6 7,7
Mean 23,3 228,5 52,3 244.6 26,0 10,6
Standard dev. 2,4 82,9 10,7 57,6 24.9 2,9
Standard err. 0,8 29,3 3,8 20,3 8,8 1,0
n= 8 8 8 8 8 8
Minimum 23,0 196,7 44,5 128,7 7,9 4,5

«» Maximum 28,3 360,9 96,9 217,0 249,8 6,5

@ Range 5,3 164,2 52,4 88,3 2419 2,0
Mean 25,7 286,8 70,1 158,6 128,8 5,9
Standard dev. 2,0 63,6 14,8 28,4 74,1 0,7
Standard err. 0,7 22,5 5,2 10,0 26,2 0,2
n= 8 8 8 8 8 8
Minimum 22,1 152,8 39,3 115,8 7,2 6,0

» Maximum 28,2 403,5 68,7 2419 123,7 9,6

v Range 6,1 250,7 29,4 126,1 116,5 3,6

= Mean 25,0 264,4 57,6 178,8 37,1 7,6
Standard dev. 2,0 78,7 11,2 38,8 39,8 1,1
Standard err. 0,7 27,8 4,0 13,7 14,1 04
n= 8 8 8 8 8 8
Minimum 20,9 169,0 59,4 176,4 71,1 7,8

« Maximum 25,5 260,7 99,3 261,2 146,5 11,0

& Range 4,6 91,7 39,9 84,8 75,4 3,2
Mean 22,9 203,8 81,2 215,2 100,4 9,4
Standard dev. 1,5 334 12,6 30,4 25,0 1,2
Standard err. 0,5 11,8 4,5 10,7 8,8 0,4
't Values (df)
15/30 (df = 14) 3,725 (P=0,01) | 2,708 (P=0,02) NS 2,155 (P=0,05) | 3,178 (P=0,01) NS
15/45 (df = 14) NS NS 2,811 (P=0,02) | 6,620 (P=0,001) NS 5,624 (P=0,001)
15/60 (df = 14) 3,823 (P=0,01){ 2,795 (P=0,02) {5,279 (P=0,001)| 4,590 (P=0,001)| 3,462 (P=0,01) | 3,244 (P=0,01)
15775 (df = 14) 3,012 (P=0,01) NS 3,864 (P=0,01) {4,978 (P=0,001) NS 5,898 (P=0,001)
15/90 (df = 14) NS NS 8,198 (P=0,001)| 8,660 (P=0,001}| 5,834 (P=0,001)| 8,872 (P=0,001)
30/45 (df = 14) 1,863 (P=0,1) NS NS 2,721 (P=0,02) | 3,508 (P=0,01) | 2,865 (P=0,02)
30/60 (df = 14) NS NS 1,850 (P=0,1) NS NS NS
30/75 (df = 14) NS NS NS NS 2,577 (P=0,05) NS
30/90 (df = 14) 2,966 (P=0,01) | 3,437 (P=0,01) | 3,041 (P=0,01) | 2,144 (P=0,05) NS 2,638 (P=0,02)
45/60 (df = 14) 2,173 (P=0,05) NS 2,757 (P=0,02) | 3,788 (P=0,01)| 3,719 (P=0,01) | 4,456 (P=0,001)
45/75 (df = 14) NS NS NS 2,680 (P=0,02) NS 2,736 (P=0,02)
45/90 (df = 14) NS NS 4,945 (P=0,001) NS 5,964 (P=0,001) NS
60/75 (df = 14) NS NS 1,905 (P=0,1) NS 3,083 (P=0,01) | 3,688 (P=0,01)
60/90 (df = 14) 3,168 (P=0,01) { 3,268 (P=0,01) NS 3,848 (P=0,01) NS 7,126 (P=0,001)
7590 (df = 14) 2,376 (P=0,05) | 2,005 (P=0,1) | 2 050 /P=0,01) | 2,089 (P=0,1) | 3,809 (P=0,01) | 3,127 (P=0,01)

df = degree of freedom;

P = two-tailed probability;

NS = not significant

during which it is clear to an observer that the animal is
disoriented (Phase 3).

As has already been pointed out, the recovery time can
be difficult to determine accurately, as fish were some-
times observed to swim a distance in the correct position
only to revert to the earlier disorientation. It must also be
pointed out that, as gill activity is also initially erratic
before settling into a steady beat, the opercular activity
time is not a particularly suitable measure of narcosis.

. For these reasons it is proposed that narcosis time,
i.e., the initial response to a stimulus, can be used to

evaluate narcotic potency of an electrical current. This,
however, does not preclude the use of the other para-
meters to support the narcosis time values. It must be
remembered, however, that fish length plays an impor-
tant role in determining the duration of narcosis time
(Barham et al., 1987a).

It is also necessary to take into account the mucus
layer which exists to a greater or lesser degree on the
surface of all fish. This is probably a good conductor, as
it is essentially protein and is in direct contact with the
epidermal layer. It is clear, therefore, that, although one









