were not tightlv packed bat were scattered over a considerable arca. 'The comn-
bination of clear water, scattered small schools and appearances at the surface
late in the dav presented too many difficaltics for purse scining and no fish were
laken Dby that method.

Several tvpes of sinall fish are found in the Gulf and West Indics area in
sufficient abundance to give promise of good sources of supply for live bait
fishing. Weather conditions throughout a large part of the vear are unfavor-
able, but how scrious this is can onlv be learned by actual trial. Operations
south of the hurricane belt are a practical possibility during hurricane season.
There are some indications, too, that the tunas arc more cosilv found in the
extreme  southern Caribbean in the months of December, January, and
February, Any understanding of the potential of a live bait fishery for tuna
i the arca should come from exploratory fishing with live bait carricd on over
a period of more than a vear,
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Some Practical Aspects of Electric Fishing in the Sea

Virei F. Hargis
Llectronics Scientist, U S. Pish and Wildlife Service, Usiversity of Mianu
Marine Laboratory, Coral Gables, Floridua

A great amount of interest has devcloped among commercial fishcrmen in
reeent vears concerming the possibilitics of using clectrical methods of catch-
ing fish in the sea. In this paper the writer intends to present some of his
current ideas and conclusions on this method of fshing arising out of a
review he has miade recently of literature dealing with this subject.

The application of clectric fishing methods in the sea involves the establish-
ment of an electric field of the required current density and distribution in a
specified volume of sea water at periodic intervals of time.

For satisfactory results the apparatus for clectric fishing must be capable
of sctting up at the boundarv of a specificd voluine of water an electric ficld
of such current density that a condition of clectro-taxis is produced in a fish
of a given sizc and specics. This is a condition in which the fish oricnts itself
m the eleetric field with its head poiuting toward the anode or positive elec-
trode and mveluntarily swims in the dircction of that electrode.

As the clectric field in a continuous medium such as a large bodv of watcer
spreads out in all directions from an clectrode in an approximately radial
manacr, the current density in regions outside the boundary in which clectro-
taxis oecurs will be too low for producing this cffect, Any fish in these regions
will be frightened by the uncomfortable clectric ficld and will trv to cscape
from it. In regions within the boundary for clectro-taxis, however, the current
density increascs rapidly in the direction of the clectrode and will everywhere
be at least cqual to or greater than that necessary for causing a condition of
clectro-taxis. Concelvably a fish swimming toward an clectrode in a condition
of electro-taxis would soon reach a region where the current density would be
sufficient for producing a condition of paralysis. Should this happen the fish
would become incapable of any further movement and probably would turn
belly up and slowly sink toward the bottom. Tf the cloctric fcld were niin-
lained for a long cenough period of time while the fish were ju this condition,
it would dic.
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In water of a given resistivity the current density necessary for producing
a condition of cither clectro-taxis or paralvsis has to be determined experi-
mentally for cach species and size of fish, For a given specics of fish, experi-
menters have found that there is an inverse relationship between the length
of the fish and the current density required for paralysis. On the basis of data
obtained while experimenting with salmon fingerlings and trout in fresh water
huving a resistivity of 10,000 ohms per inch cube. McMillan (1928) found
that the relationship between the length of fish and the voltage gradicnt for
paralysis could be cxpressed by the equation:

370

L
where g is the voltage gradient per iuch to produce paralysis and L is the
length of the fish in inches. Since the current density is cqual to the voltage
gradient per inch divided by the resistivity, this cquation can be written in
terms of current density as:

_ 370
i =L
where i s the current density in amperes per square inch taken m a section
at right angles to the clectric ficld and p (rho) is the resistivity of the medium
in ohms per cubice inch.

MeMillan also established that water resistivity has a very great affect on
the voltage gradient nccessary for paralysis. In a series of tests made in 1928
on sahmon fngerlings i water, varving in resistivity from that of sea water
having a resistivity of 11.6 ohms per inch cube to that of mountain-stream
water having 2 resistivity of about 10,000 ohms per inch cube, he found that
the minimum voltage gradicnt for paralysis changed from .27 volts to 1.23 volts
per inch, or about +.55 times. This led him to mtroduce a correction factor
AV for water Tesistivity in the voltage gradient equation above as follows:

3.70\WV
L

Using McMillan’s value of W for sca water of 219, the above cquation

reduces to:

g =370 X 219 or 8L

L L
This mav be written i teems of current density as:
. .81
==

I'he ideal distribution of the current How for clectric fishing would be one
in which the current deusity was uniform throughout the entire volume of
the watcr between the cleetrodes. While it is possible to obain a fairly uniform
distribution of current flow in a tank or trough of uniform cross-section, it
is extremely difficult if not impossible to achieve such a distribution of current
flow between clectrodes immersed in 2 large body of water. Jeans (1908) has
shown that the lines of current flow between twa electrodes in a continous
medium are identical with the clectrostatic lines of force which exist when two
clectrodes are charged to different potentials in air. This means that the lines
of current flow from an clectrode immersed in a large body of water tend to
spread out tadially in all directions from the clectrode. When the physical
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size of the clectrodes is small in comparison to the volume of the mediom
it which thev are immersed, this radial spreading of the current is practically
independent of electrode shape. The fact that an clectrode is a sphere or a
flat plate has little or no cffect on the radial spreading of the current. There-
fore, it can be said as a rather rough approximation that the current density
varies inversely as the square of the distance from an clectrode.

The rapid spreading of the current from an electrode deeply immersed in
4 Targe body of water requires a very large flow of current from the clectrode
to produce a current density sufhicient for paralvsis at a distance of only a few
vards from the clectrode. Assuming a uniform radial spreading of current,
it can be shown that the total electrode current must approach a value of about
6530 ampercs to produce a current density of 4 milli-zimperes per square inch at
a distance of 10 vards from an clectrode. 'The current density used in this
example is that necessary for paralvzing a salmon 20 inches in length as com-
puted by McMillaw’s equation for the paralvsis voltage gradient. To produce
this current density, assuining that the resistance between the clectrodes and
the medium is about .25 ohms, the clectrical apparatus must be capable of
supplving at the clectrodes about 10,700 kilowatts of power at 1630 volts. T'o
extend the same current density out to a distance of 20 vards from the
clectrode, the total clectrode current required is about 26,200 amperes and
the apparatus must be capable of developing at the electrodes 171,200 kito-
watts of power at 6520 volts. The total current in each mstance here has
been computed using the following cquation which is valid for a uniform radial
spreading of current from an clectrode:

I=4mnRzi

where T is the total clectrode current, R is radial distance from the electrode
in inches, and 1is the current density i amperes per square inch,

The power tequired for clectric fishing can be reduced by using short,
periodic pulses of current instead of continuous current, As an cxample,
suppose that square wave pulses of 2 millisceconds duration arc repeated at a
rate of 50 per scecond. Then the current is on for onlv 100 milli-scconds or
for only onc-tenth of a sccond out of each sccond. This means that electrical
apparatus in the examples above would need to provide only onc-tenth of the
amounts of power indicated there or about 1070 and 17,120 milowatts
respectively,

Experimenters have observed also that semce pulse shapes or wavefornis
and pulsing rates are more cifective on fish than others. A recent report from
Furope indicates that the German scientists, Kreutzer and Peglow, have deter-
nuned that a square wave pulse of 2 milli-scconds duration repeated 50 Hmies
a4 second is very effective on cod and herring. At the California Academy
of Scicnees, Groody, Lonkashkin, and Grant {1952) have found that the
movements of sardines can be controlled effectively by means of sawtooth
shaped pulses of 133 milli-scconds duration repeated 5 times a sccond. This
indicates that the best waveform and pulsing rate have to be determined
experimentallv for cach kind of fish,

It should be apparent now that the principal Hmitation to the application
of clectric fishing methods in the sea in a practical way at present is imposed
by the radial spreading of the carrent from the electrodes. Because of this
spreading of the current, the power capacity of the electrical apparatus aboard
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the ship must be very great to set up a current density of u few milli-amperes
at a distance of only a few vards from an clectrode. Future research in this
feld should be directed toward finding methods of concentrating or confining
the clectric ficld to a ¥mited volume of water between the clectrodes in so
far as mav be possible. Laboratory cxperiments should also be carried out
to determine the corrcet current densities for producing the conditions of
clectro-taxis and paralvsis in various kinds of commnercially valuable fishes, as
well as the best waveform, pulse length, and pulse rate to use with these fishes.
Having ascertained these factors it will be possible to estimate the clectrical
power requeired aud proceed with the assembly of the apparatus nceded for
applving clectrical methods of fishing to a particular fishery in a practical way.
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Holding Fresh Shrimp in Refrigerated Sea Water!

Janers B, Hicaraw axp C. P Inyvip

Marine Laboratory, University of Miami, Coral Gables

During the past several vears slrimp boats in the Gulf of Mexico lave been
making longer and longer trips. The greater length of time spent away from
port has increased the dificulty of landing high quality fresh shrimp. In addi-
tion, present icing methods result in a condition known as “black spot” on the
shrimyp. {ligure 1.).

"T'he need for more efficicnt methods of refrigeration and control of the black
spot problem led the Marine Laboratory of the University of Miami to
conduct a scrics of experiments, for the Ilorida State Board of Conservation,
in which shrimp were held i refrigerated seawater instead of in erushed rce.

Preliminary tests were conducted in which the quality of iced shrimp was
compared with that of shrimp held in scaswater, fresh water, and solutions
of calcinmn chloride and sodium chloride. Pink grooved shrimp (Pendeus
duorarumy, caught by a commercial trawler off Key West, were held in the
varicus solutions at temperatures which ranged between 37.9° and 41.7°F.
The quality of thesc shrimp was tested seven times over a period of 24 days.
A testing pancl of ten staff mombers of the Marine Laboratory rated the shrimyp
as to firmness, black spot, odor and taste. (Table 1),

1 Contribution No. 94 from The Marine Labortaory, University of Miami.
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