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Chapter 1. Some Historical Origins of Electrofishing

The idea of influencing the behaviour of fish and other
forms of life by electricity is really self evident., Nature
herself demonstrates this completely through electric fishes,
However, as it often happens, the inventive genius of Man often
overlooks Nature's example and, with great pains, Man over a
long period of time developed electrical methods of controlling
the movements of fish, The development and application of electric
puflses which simulated those of electric fish did not even occur
until after the second world war.

Fish equipped with compact electrical organs have been well
known for thousands of years, It was even recognized early
in history that these species have the ability to paralyze and
kill their prey; they were even used in medicine as a kind of
shock therapy in which the impulses from the fish were carefully
applied. The nature of these shocks was not even understood at
the time, It is recorded, for example, that the Roman physician
Scriborius Larsus recomended timt his patients to place their
feet on an electric torpedo fish and to keep their feet long
enough until "“the foot and leg became rigid up to the knee", A
moslem physician prescgribed shocks from an electric torpedo
fish for eplleptlc séizures. Even in Arlstoége s writings and
in his contemporaries there are numerous examples of directions
in the use of electric fish for therapeutic purposes. Today
the word "narcosis" is a reminder of the medicinal application
of these fishes by the Greeks and Romans. This word has its
origin in the root "narce" which is the name for this fish
in the Mediterranean sea used'for this purpose.
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Fig. 1 Speckled electric torpedo (Torpedo torpedo)
22NN
Fig. 2 Dorsal view of Torpedo marmorata with the electric

organs exposed (0) together with the nervous system (N).
(after Fritsch)
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The electric organs in large, heavy fish constitute not less
than 1/4 to 1/3 of the total weight (fig. 2) and are composed
partially of a million cell columns(electroplars connected in
series, (fig. 3) ZEach of these elements (as in the electric
eel) is capable of generating a voltage of 0.1 volts, Since
these cells are arranged in series considerably high potentials
may be produced either acting over a brief interval or for long
periods of time., For example the electric eel of the gymnotid
family (fig. 4) can generate a voltage of 300-600 volts up to
a rate of 400 impulses per second and the electric catfish
(family Siluridae) can produce a potential of 350 volts delivered
in impulses up to 280 times per second,

It is worth noting that the shape of this impulse is almost
identical which that used today in many devices to repel fish,
This is good support for the thesis that technology approaches
the ideal form without any inspiration from Nature,
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Fig. 3 Cell columns(Electroplaques) which make up an electrical
organ, (after Fritsch)
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The general significance of the electrical organs of fish
is fairly well known. They serve not only to aid the orientation
of fish in space, to detect and paralyze prey but also to protect
it from enemies. The electric eel is the prototype of an electric
fish and its responses in water are relatively easy to demonstrate;
it produces the type of impulse required for the particuiar
purpose at hand. These impulses are generated and controlled
by particular organs., When lying inactive and peaceful on the
bottom it sends out no electrical discharges. (Coates and Cox)
As soon as it starts to move, swimming leisurely, pulses
of 50 volts are sent out., The number of these pulses may
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vary considerably., The form is such that the peak voltage is
gradually built up (i.e. a leading edge which has a slight slope)
in contrast to that of the paralyzing impulse which has a steeper
leading edge. The eel wishes to detect prey without frightening
it away. If the impulses encounter an object in the water they
are reflected and perceived by sense organs of the eel. 1In

this way the fish uses a kind of radar system., This type of
orientation is necessary since the eel's eyes are covered by a
layer of skin rendering it blind. The skin over the eyes
apparently protects the fish from the electrical impulses produced
by its own body.

If the electric eel perceives an object in the water as
prey the impulses become stronger. In this instance the source
of energy has its origin in the large electrical organ which
surrounds the body almost throughout its entire length., These
shocks having a potential of 600 volts paralyze the prey so that
it can be seized and devoured.

S 4

According to the studies of C.Kreutzer the impulses are
differential according to the purpose they serve. They may be
associated with rest, exploratory, predatory and protective
impulses,

33322 X

Fig, 4 The pulse of an electric eel as measured with an
oscilloscope maximum value: 410 volts,
Recharging time increases from 4 to 21 ms, (after Wasmus)
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Fig., 5 Electric catfish (Malapterurus electricus)

An inhabitant of the Nile and other African rivers,
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regular impulses of low potential and of two milliseconds duration,
(Fig. 7) When prey is found this is turned off and replaced with

If the eel is hungry, for instance, it transmits continuous,

high voltage shocks, (Fig.8) This involves a series of impulses
0.6=-2.0 seconds long at a frequency of 50-100 times per second.

The smaller the prey animal, the higher the frequency sent out,

The pulse which the eel generates to defend itself against

enemies or in response to a stick thrust into its aquarium are
composed of similar groups of impulses. Here two impulses of high
potential regularly alternate with three exploratory impulses

with low potential (Fig. 9) The number of defensive and exploratory
impulses may be variable. For defense the eel discharges only

1-7 impulses in total,

The impulses used to capture prey have a steep leading edge,
are flat on the top and a trailing edge of gentle slope. The
frequency of these impulses is relatively high since the eel
only captures small fish, Fairly large pauses separate the impulses
since the eel has stunned one of several fish it waits until
the fish recovers before sending the next pulse., In this way
the eel is economical in its use of energy.

Man knew in classical times about electrical fish and
experifhented with them to the extent that their electrical shocks
could be utilized, However, it was many years after the discovery
of electricity that it occurred to people that it could be
used to influence water plants and animals, A pioneer in this
field was Unger who established that single-celled organisms
(Stentor niger) could be attracted to the negative pole of a field
of direct current and that the swarming spores of the alga

Vaucheria clavata was rendered immobile in the region of both

poles, not distinguishing one pole from the other,
P 262

Figure 6. Curve form of the voltage shocks delivered by the
electric eel (after C. Kregtzer...)
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Figure 7. Resting condition - explorating pulses of the electric
eel,

%% 363 ¥ I I K%




A
/

one

S 6

Mach in 1875 showed that the sculpin (Cottus gotio) could
be stunned by putting it in a vessel between two platinum elec-

-trodes and in so doing it lay on its back in the direction of

the positive pole. Experifments conducted by Hermann on frog
larvae and fish embryos in 1885 as well as of Verworn in 1889

on higher plants were the first time that the stimulating effect
of the galvanic current was recognized, Both investigators
referred to this as "galvanotropism", Blasius and Schweitzer
(1893) were the first to demonstrate the narcotizing effects of

a galvanic current on fish, They also recognized the importance
of the current density as a characteristic of the strength °§1Q+LA/QS
an electric field. It was one year later that Hermann and Mathias
defined this new concept as £ (delta) which is equivalent to
microamperes per square millimetre i.e. 10'6 amperes per square
millimeter of the liquid conductor. The current density is
related, however, only to the conducting medium. The distortion
of the electrical field caused by the presence of the experimental
object is not taken into consideration,

After experimenting with direct and alternating current,

Engelen, a physician from Duesseldorf, first applied in 1912

an interrupted direct electrical current of the type discovered

by LBDUE in 1900, Today we understand iEDﬁ('s current as a

series of variable impulses, 100 cycles per second, consisting of
ms, long pulse followed by a delay of 9 ms. (Fig. 11a)

Because of its well known physiological effects and good
experimental characteristics LEDU€'s current was highly prized

in scientific investigations, Engel%fconducted local anesthesias
for the first time of fish under water, In the 1920'¥ and

30's Fe, and Fr, Schemingky systematically studied all the details
of the behaviour of fish and other aguatic animals in electrical

fields consisting of various types of electrical currents. |
(i.e. direct, alternating, and interrupted'currents) They
uncovered a considerable number of basic electrophysiological
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principles which they defined and mathematically analyzed;
these principles are still valid today.

ST

From this point on we can truly speak of electrobiological
research, Fe. and Fr. Schemin®ky along with F. Bukatsch published
their text{ Basic Electrobiology in 1941 on the effect of
electrical currents on whole organisms such as plants,animals
and humans, In addition to pharmaceutical effects, the investi-
gations of the Schemingkys were concerned with a detailed
description of the behaviour of aquatic animals in direct and
alternating current fields and the determination of the relation-
ship between body size and sensitivity to the electrical current,
The two workers were aware of the essential difference between
the narcosis induced by direct current (galvanonarcosis) and
that by alternating current which caused numerous consecutive
muscle contractions. The concepts of oscillotaxis and oscillo-
tropism had their origin in their work,

They conducted experiments, moreover, with LEDUE's current
in which they utilized not the caiiﬁzc 100 cycle but 10, 25 and
50 cycles., (page 27) They also atered the relationship of the
duration of the pause to the cycle. (i.e. the "duty cycle")

S 8

They ingeniously conceived simple experiments which permitted
the demonstration of the effects of pulses having duty cycles
of 10/10, 7/10 etc, down to 1/10 of the classic LEDUE's current.
The Scheminlky's and other 1nvest1gatrens who followed
used this experimental approach and ob§$+a3d-some remarkable
perceptive information. They were able to demonstrate, among
other things, that the reactions of fish were not changed when
the duty cycle was decreased from 10/10 down to 9/10, 8/10 etc.,
and even to 1/10 a fact which would later prove to be of fundamental
importance in marine electrofishing,
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If you calcuate the "snout-tail" voltage (or side to side,
depending on the orientation of the fish in the electric field)
for fish in sea water, you find that the amount of energy necessary
to maintain this field is too high to be practical, being of the
order of several hundred kilowatts, The same voltages may be
attainted, however, with savings in the ratio of the duration
of the pulse to the rest period and this economy permits economical
electrofishing in seawater,

Holzer supplemented the Schemingky's scientific work in
the 1930's by numerous mathematical equations, He was first
to coin the expression "Gestaltspannung" - snout-to-tail voltage
and also the first to demonstrate the repelling effect of the
electric field on fish, making it a subject of research.
Experiments on the effects of LEDUE's current on fish were also
conducted by the physiologists Nicolai, (1930) and Ivy and
Barry (1932).

Although in England a patent was obtained already in 1835
for an electrical harpoon to catch wales and in Japan an
electrofishing device in 1895, (basic research only began in
1924) in Germany all efforts in electrofishing research were
confined to pure scientific questions:\ The practical application
of electricity was the result of an aé%idental happening. In
1910 an electrical transmission line broke in the power generating
station in Einhardt - Hohenzollern and fell into the Ostrach,

a tributary of the Danube, The owner, Neher, observed that the
fish in the stream, after some jerky movements floated on the
surface seemingly lifeless and could be easily retrf ed. This
chance happening gave the miller the idea of suppending two
cables conducting direct current (110 volts) and attaching two
metal Ycopper plates on the ends¥, The experiment demonstrated
that it was possible to catch fish with ‘electricity,




®

@

-8

The results of this demonstration became quickly known,
Several years later (around 1916-17) it is reported that already
in southern Germany a dynamo driven by a portable gasoline engine
was used to collect fish (see page 117). This, however, was
something before its time, Perhaps too much was promised or
perhaps the attempts to catch fish were carried out in waters
of unfavourable electrical conductivity - something quite possible
in Bavaria. Another possibility for thelack of success was
ignorance of other factors which influence electrofishing to the
extent that the operation could be rendered unsuccessful.

S 9

A Sch&nfelder)chief fisheries supervisor of Hohenzellern ,
published the accounts of his experience with electrofishing
gear., His article "Catching fish with electricity" published in
the "Sportangler" was followed by an article of the same title
written with F,., Schiemenz., Holzer made contributions from the
practical results of his ewn research, He secured a patent
March 5, 19%2 under the number K1, 45h, G}.'27/3O - German patent

No,., 596 074




1. A device to catch fish electrically by means of electrodes arranged
in the water more-or-less horizontally. A direct current field of vary-
ing potential gradients is produced between the electrodes. The positive
electrodes are either bent or small in relation to the cathode such the

ecawme
[=d
electrical field intensif¥ee in the direction of the positive electrodes.

2. A device describe as in (1) such that surfaces facing downwards are

screened.

After further experiments over many years a committee was formed.
The following took part: master fish culturist A. Ripfgl, Ottobeuren,
the mechanic J. Zimmerman (Sigmaringen), master fish culturist Marx (Bregenz).
Dr. K. Smolian, the head of the institute of electrical machines of the
technical university in Hannover, Prof. Dr. Humburg and government fisheries
consultant Dr. F. Schiemenz (Hannover). Up to 1943 development was left
to private initiative but after this date efforts were coordinated by
SMOLIAN and fisheries master HAGER in a committee on the then Union of
German Fisheries of the Reich " SMOLIAN took over the chairmanship.
Members were H. SCHMIDT, K. HAGEMAN, both engineers of the Siemens-
Schuckert, Stuttgart, A. Oberholzer contractor(Dornbirn) fishery
master E. KAEFER and master fish culturist A. SCHILLINGER (Munich).

This committee had, according to the words of SMOLIAN, the
task of "determining if and in which way electricity could be employed to
catch fish without injuring fish, other water inhabitants and,withOut

endangering humans."
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Also the commicttee was to recommend 'which methods could be
applied to achieve certain practical results." In addition they had
to work out the theoretical background necessary to solve p;actical
questions- "to discover the limits of succers and possible dangers."
The committee, in spite of the useful things it produced during its
short existence could not avoid" that fishery literature wrote articles
which elicited unfulfilled hopes resulting in many types of gear which
were unsuitable for the fishing industry; the confusion and disorder
increased with time.

SMOLIAN"S final.report of this committee inqicates, surprisingly,

that there was disagreement on the use of interrupted (chopped up)

direct current. He writes: '"Interrupted direct current (short intervals)

has a considerable physiological effect on fish.... stimulation and
shock occur when the current is turned off and on."

Even then different conductivities of water bottom and the fishes'
body were considered, 'ﬁ%e proper conclusion was drawn in that the most
efficient electrofishing is achieved in water of moderate conductivity
over a bottom of poor conductivity. "In very poorly conductive water
the intensity of current is so low that the applied voltage is not

great enough to induce narcosis."

In highly conductive water, however,
the fuses in the generator are blown or short circuits are caused.

In SMOLIAN'S report damage to young fish and food organisms was
also considered. He concluded that electrofishing was harmless to
these. (page 97).

In all the experiments described in the report, the anodic or

stunning effect of the electric current was described exclusively.
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Repelling and letha! effects while recognized were not desired and

were avoided as much as possible. Its use in fisheries and water
diversion was not yet anticipated. SMOLIAN only once mentioned that

fish could be repelled with alternating current and dispersed in a
desirable direction. This possibility was already considered in

Denmark in 1912. At the same time German Imperial patent No. 260161
class 45h. Gr. 20 was granted to the Dane Niels Dueholm LARSEN from
Copenhagen for a device "to confine or direct fish and other aquatic
animals in fiords, sounds, rivers and other water bodies. The barriers were
planned not only for stationary structures but also for moving devices
and were to be powered by either alternmating or direct current to drive
fish in the same or opposite directions. It was conceived that these
devices would be supplied directly or indirectly by a source of electricity.
In the comstruction of the main electrical cable provisions were made

for numerous uncovered wires hanging downwards in the water; the cable
was eilther stretched above the waters or allowed to float on the surface.
One is not sure if ever his patent was applied. At any rate it is worth
noting that the idea of repelling fish by electricity appeared more than
fifty years ago. It was not realized, likely, because of the lack of
suitable equipment. Nowdays we know that such devices must have an
electronic basis.

Apart from the suggestions of SMOLIAN and LARSEN there is, to our
knowledge, no further information on the application interrupted direct
current in electrofishing before the second world war. Electrofishing
was confined to brooks and small bodies of water. The time was apparently
not ripe for the use of interrupted current. At that time technical

means of producing impulses electronically were non existent thus it was
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not poscible to develop effective repelling effects. Just after the
recent war electrofishing received thebenefits of modernpulse generating
techniques and electrical technology. Further impetus was provided

by the physiologist H.W. DENZER and the physicist C. KREUTZER, At a meeting
of the fisheries science working group (22.1. 1948) formed in Hamburg
after the war, H.W. DENZER recommended the used of pulsed current but
pointed out at the same time that physiological, electrical and physical
background knowledge was lacking. C. KREUTZER developed the first

pulsed gear "Salmo" and later "Salmo-Super." Together with the Siemens-
Schuckert factory he constructed the first pulse generator for marine
fisheries; in addition he developed electrical Tuna hooks and a electro-
fishing repelling device to combat the chinese mitten crab. The firm
SOMMER and MEISTER and F. SCHIEMENZ had already attempted this (page 184).
At the meeting called by P.F. MEYER—WAARDEN in 8.7.1949 to which fisher-
men, fish tug captains, shipowners, representatives of the government

and scientists were invited, C. KREUTZER and his collaborator, engineer

H. PEGLOW, outlined their plans. After a detailed discussion physiologist
and physicists declared that these plans could be successfully carried
out. The construction of a pulsing generator for marine electrofishing

was begun with the financial support.
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of the german fishing industry and with the co-operation of the Siemens-
Schuckert works, the AEG and the federal fisheries research institute.
Two years later when this work was reaching a conclusion the American
occupational forces provided the use of the ge?mau minesweeper R 96 for
the first experiments. This vessel héd already been used by C. KREUTZER
in testing his electrified tuna hooks on the North Sea. The pulse
generator had a capacity from 180 to 200 kW and produced pulses of current
of at least 10,000 A. With this gear 20 cm herrings could be fished
anodically up to.10 m away, codfish 40 cm long from up to a distance of
25 m. This was undoubtedly a great triumph of german science and
technology which was recognized everywhere.

Following the success of C. KREUTZER in the USA, the firm
Dethloff electronics (Hamburg) in the german federal republic began the
development of electrical catching, confining and killing gear for marine
fisheries. The generator construction works AG Fulda, éhe fin:;Sabo"
Dieringhausen and, in addition the fi;%/F. Ploeger and H. Peglow both of
Hamburg, dedicated themselves to the building of electrofishing devices
for inland waters. AG Fulda was already involved in the construction
of this gear. Some of them built had already pulsing gear. AG Fulda and
some took on the construction of these devices. In 1951 the electrical
machine works of AG Fulda and F. Ploeger of Hamburg joined the electro-
fishing co-operative which was represented by the fisyE. Doebler (Hamburg).

Scientific studies begun in 1954 by P.F. MEYER-WAARDEN in the
laboratory foundgd by C. KREUTZER was continued by E. Halsband. This

laboratory was in the Institute for Coastal and Inland Waters.



5 13

5 14

@

s

In contrast to garlier work, experiments were designed to answer basic
questions in electrofishing - questions which were ignored because of
lgck of time and facilities. Of prime importance were those processes
occurriﬁg in the body of a fish under the influence of an electric field.
E. Halsband also applied himself to solving technical problems. Valuable
tips were given electrical firms building electrofishing gear - how they
could improve the gear to make it more effective. Methods of preserving
the freshness of fish were developed in 1963 with Fr. BRAMSTEDT and

K. TRAUTNER. The fisheries institute in Albaum, Nord:hein/Wes;falen

under the direction of H.W. DENZER, as well as the institute for collotdal
hauxsen {@hon
chemistry (Poppentuse/Rhroby were conserfpd with electrofishing,

problems eggzggggy those in the field of electrical conductivity of
water. The role of geological formations and polyions in the water
was also investigated.

To bring electrofishing under some kind of control, the german fish-
eries association was formed in 1952 and was the successor of the imperial
german fisheries association; K. BAHR was the director from 1959 onwards.
Thg committee was under the chairmanship of G. BUHSE. The association

of german electrical engineers concerned itself with the drawing up of

construction and safety regulations (page 21).

Chapter 2

Significance and Scope of Electrofishing Concepts

1. Significance and Scope of Electrofishing:

The concept of electrofishing has changed in the course of time.
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In the beginning when Smolian and his group were developing the
practicejdirect and alternating current were used to achieve the
desired effects. With the physiological effective pulsed current,

it was possible to improve electrofishing in sea water and to over —
come the problem of the high electrical conductivity of sea water
(about 500 times as conductive as fresh water). This made electro-
fishing practical in the oceans. Almost at the same time attention
was directed to the repelling effects of pulsed current. Later there
was interest in the lethal effects of the electrical current and its
use in the humane killing of.fish and in preserving the quality of fish
flesh.

Electrofishing had therefore experienced a not inconsiderable
enlargement of its concepts. Originally a method of catching fish
it is now an important method of managing our natural waters and their
fish‘stocks as well as euthanasia and preserving the quality of fish
flesh.

Experiments were begun at the end of the war in Germany to incorporate
pulsing techniques in the catching of fish and evoked enthusiasm. At
the time the effects were explainéd using fictional and exaggerated
reports which proclaimed that the effective range was large in water.
Later high expectations were not realized and people did not want to
hear anymore about the subject. Today the judgment is more objective
and based on facts. We now know what can be expected from electrofishdﬂ%’

We know, in which waters, the form of electrical current and the dimensions
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of the operation for effective electrofishing. The reactions to the
electrical current of various species of fish and other forms of
aquatic life are now known. The technical and biological limits of
electrofishing are also recognized.

We have to come to terms with the kind of commercially available
electrofishing gear in common use. These have an effective range in
fresh water (anodic effect) of 4 to 6 m for average water conductivities,
and 10 to 12 m for very conductive waters. When large areas of water
are being fished $1ectrified nets or guiding weirs must supplement
this gear.

Small electrofishing gear is only suited for the fishing of small
brooks, shallow reaches of a river and likewise lakes, ponds and small
;::::;’of water. Rarely will the fish harvest on such bodies of water be
increased using electrofishing techniques. These methoés serve the
more valuable goal of allowing the fisheries bilologist, fish culturist
and the angler to estimate and manage the fish stocks, thus the number
of fish, their size and age composition, the species as well as estimates
of growth can be determined. In addition fish ready for market may be
removed in desired numbers. Predatory and diseased fish can also be
taken out. In brief(oqﬁcan obtain a very good idea about the
commercial value of the waters and the regulations which are necessary
to improve the fish stock. All these measures may be taken without

influencing the survival of the fish. Even food organisms can be

evaluated within certain limits.
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In large bodies of water (lakes, rivers, etc.) the application

of such gear to check fish stocks poses problems. Since only small
stretches of this water can be fished at ¢one time one loses the
general control of effectivness of the electrofishing. It is difficult
to ascertain the range of the effective field e - with sensitive
fish which are stunned in deep and murky waters. ish are frequently
already narcotized before having reaching the anode and are therefore
removed from the catch and escape observation. Others in the fringe
of the effective field of the anode hide on the bottom or flee to the
yet unfished water before they can be sighted. Electrofishing still
can be of use in such waters. It is customary in Steinhuder Meer to catch
eels and pike at those times of the year when other kinds of gear are
not successful because of the response of the fish to the anode. The
fish are removed from the reed beds. Carp can be removed from ponds

S 16 which either cannot be drained nor have wet pockets in the mud. Finally
.catching and repelling effects may be combined (page 169)

Electrofishing is of little interest to oceanic fisheries. Large

ships are used on the open sea to catch large masses of fish and
the electric field has an effective area of 20 to 30 m diameter (for
20 to 40 cm fish) and 50 to 70 m (for 1 m to 2.5 m fish). This field
can be produced today with a 40 kW generator. It is possible, however,
by using the anode effect to concentrate great quantities of commercially

S 16 valuable fish and to harvest them. Installing relatively expensive

gear can be very profitable. Under certain conditions the electrical

guiding of schooling fish as menhaden, sardines, tuna, etc. can be
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successful., KREUTZER was able to remove menhaden from a circular weir
with a suction pump in which the intake pipe served as an anode. This
was accomplished within a time shorter than previously with a greatly
reduced damage/to the fish., This expensive equipment also saved human
labour. In this instance the relatively small effective electric field
did not affect the operation. The essential result was the saving
of time and labour, and the preservation of the net material; the
menhaden fishery was placed on a profitable basis. Electrodes may be
combined with the power of light to attract schools of valuable sardines
or to bring tuna from the depths to surface waters where they can be
caught by traditional gear (weirs, hooks, etc.) supplemented by fish
pumps. C. KREUTZER also assembled an electrified trawl in which
the repelling effect of the trawl on fish was eliminated. An elecgaérawl
for pelagic fish can be used to catch fish from fishing grounds which
could otherwise not be fished; fish are anodically attracted to the
catching area of the net. These few examples illustrate that the
anodic effect of the electric field may also be used in ocean fisheries.
They «lsy
These—exempies emphasize that electrofishing is not generally applicable

to the sea and is only practical under certain conditions.
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Incidentally, it should be noted that, from a technical standpoint,
it is not always easy to combine the electrical current in the right
dimensions and the proper pulse frequency. The success of catching fish
with electricity is very dependent on its field of effectiveness.

Somewhat favourable are the conditions when fish or other aquatic
animals are to be repelled. Here the extent of the electric field of a
certain shape is not as important as that used to catch fish anodically.
It is necessary to apply pulsed current to the water and, by means of
an electrode chain, build up the largest and broadest field possible.

It is also important that the pulses of current are separated by a suffi-

ciently long interval of time. Enough time is required for the fish when

it swims into the electrical field to be affected by the shock and to turn
around leaving the electrical field to swim upstream.

Fields produced in freshwater by hanging chains of electrodes at
normal values of water conductivity and for electronically controlled
pulsing devices, are 20 to 30 m broad. Most fish cannot penetrate this
barrier. A provision of course, is the construction of the electrode
chain where the fish can swim easily against the current. If the
current is too swift it is hardly possible for the fish to swim out
of the danger zone. Since the strength of the electrical field in-
creases in the direction of the electrode chain the effect of the field
is more reliable than that used when fish are caught by the anodic effect.

Today it is no longer technically difficult to stop the migrations
of fish in small brooks by means of electrical barriers of electrodes in
a chain. There are now pulsing gear perfected which, when connected to

of

an electrode chain, can block up to 90% pf the migrants. The provision,
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of course, that the local conditions are carefull& taken into account
when the barrier is constructed. Using this blocking effect fish, es-
pecially eels, salmon and other migratory fish can be prevented from
swimming into turbines or to lead them around obstructions in the river.
A reach of the river may be sealed up and downstream and, even with
movable barriers, one can work in large areas of water. The barrier is
fastened to two motor boats and the pulsing gear mounted in one of the
boats. The breadth of field ﬁorresponds to the extension of the elec-
trode chain and fish are driven by it into a catching gear. Using the
shocking effect it is not possible to fish out the entire population
since a large proportion of the fish seek to escape through the region
widely separated from the barrier chain. In the instance of lakes so
deep that the bottom does not come under the influence of the electrical
field the shocking effect is even less. From experience we have found
that the greatest proportion of the fish dive do&nwards and remain
beyond the influence of the field until the boat has passed over the
region and the field is no longer detectable.

Electrical shocking in the ocean is also technically possible.
Its profitably depends upon certain conditions: considerable invest-
ment of capital is involved. Shocking gear will only pay when it aids
in the catching of valuable fish which cannot be caught with conven-
tional fishing gear or gear having a restricted effective area. Large
schools of gravid red tunas on the north coast of Spain and the north
coast of Africa are susceptible fﬁ:wzlectrofishing techniques. Because

of unusually cold water temperatures and unfavourable water currents

the fish do not swim into the effective range of the stationary nets.
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Here these valuable fish can be herded electrically into the weirs.
Since 1000 tunas are caught nightly during the months of migration the
application of electrical means, although costly, is profitable. It
was once thought that a fiord could be blocked from the ocean by a
chain of electrically charged electrodes and living fish could be held
in this enclosed body of water until fisheries operations could be con-
ducted. Again it is a matter of the value of the fish which determines
whether the practice is economically feasible.

At the beginning of the chapter it was suggested that attempts
were made to stun chinese mitten crabs with electricity and to kill
them. Already the electrical stunning and killing of other aquatic pests,
predatory fish for example, have been established. Even warmblooded
animals such as muskrats have been combatted by electrical means. Musk-
rats spend most of their time out of the water in their lodges and are
therefore beyond the range of the electrical field in the water. Croco-
diles also react to electricity, according to our experiments in the
Wuppertal zoo. On the basis of field experiments it is possible that
people can be protected from these dangerous animals either by the anodic
effects or by a repelling effect. They can be captured and killed elec-
trically without damaging their valuable hides.

It has long been known that the electrical stunning and killing
of warm-blooded animals is quick and humane. A similar effect occurs
in poikilothermic and cold-blooded animals. Because of this the elec-
trical stunning and killing of fish has significance for the animal care

regulations.
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According to the regulations the slaughter and preservatior of

4

living fish and other cold-blooded animals of 14.1,1936 (RGB1l I page 13)
and that of 13.11.1936 (RGBl I page 941), both based on the animal pro-
tection law of 24.11,1933 (RGBl I page 987), the following was decreed:
fish intended to be consumed by humans should be stunned before slaughter-
ing. Stunning and slaughter can be carri;d out using a reliable elec-
trical gear. Also in the opinion of the german fisheries associations
to fulfill their requirements (Federal copy IV/85) an electrical device
was developed to stun a;d kill eels which are smoked on a large scale.

A role which is not yet fully appreciated is the preservation of
quality in fish flesh through stunning and killing. Preliminary experi-
ments of MEYER-WARREN conducted already in Larache (Morocco) in 1956
showed that electrical killing favoured the maintenance of quality.

F. BRAMSTEDT and K. TRAUTNER noted that fish killed by electricity

had not used up their supply of glycogen. Fish caught by ordinary means
struggled a long time before death occurred. Bacterial decomposition
was also much slower in fish killed by electricity. Even wh;; it is
only a matter of hours the enhancing of flesh quality by electronarcosis
is pronounced in easily spoiled quality fish as tunas, sardines and
sprats.

Up to now the importance of electrofishing in practical fishing
and water management has been outlined; it is -also useful to zoologists
and ecologists. It is possible, for instance, to estimate fish popula-
tions by electrical methods of fishing out a body of water. All aquatic
species can be removed. Shy and fast-swimming forms can be captured and

removed with catching gear. It is often surprising the variety of species
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and number of fish when a body of water well known to anglers is fished
out electrically.

Up to quite recently anglers were critical of electrofishing. Their
objections were based on the belief that it was an unsportsmanlike attack
on“Nature, destroying aquatic life indiscriminately.

Thé aquatic community is not harmed by conventional electrofishing
operations; this is thoroughly discussed on page 93. Certainly there
can be a risk but then risk is mininimized by following directions and
obeying laws. Electrofishing may orly be carried out with the permission
of the appropriate local authorities. This is, however, difficult to
obtain and is given only to reliable and trustworthy persons.

2 Concepts of Electrofishing

With the increase of the importance of electrofishing it is neces-

sary to establish some termini technici. The 0136 electrical catching

commission, the Society of German Electrical Technologists (VDE) made
these the highest priority. Regulations for the establishment and opera-
tion of electrofishing devices in freshwater as well as coastal and on
the high seas were worked out. These deliberations, naturally were con-
fined to the practical ¢peration of these types of devices.

We agree with the commission that these concepts henceforth should
apply everywhere in the german speaking countries and are therefore re-~
levant to our book.

We speak about electrofishing devices in the gemeral sense of the
VDE regulations and these include gear to cétch, herd, block, lead, repel,
stun or kill fish or other aquatic organisms. The devices may be fixed

or movable and may consist of one or more types of gear.
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Fixed devices are such structures which are, either because of
their mechanical function or construction, tied to one place. This
also includes devices on board ships.

Movable devices are either portable or movable and voltage is
applied while they are moving.

We differentiate among electrofishing catching, electrofishing
repulsion and electrofishing killing devices. An eletrofishing catch-
ing device catches fish or other animals in the aquatic world with the
aid of electric energy.

An electrofishing repulsion device is that arrangement by which
fish and other aquatic animals are kept away from waters used by hydro-
eledric stations and other plants which draw in water.

An electrofishing killing device uses electrical energy to kill
fish or other aquatic animals. This killing is done either for humane
reasons or to improve the quality of the flesh and to prolong shelf life.

Further concepts will be examined in the chapters on physical,
technical and physiological bases of electrofishing. These are suit-

ably presented in the relevant chapters and in the appendix (page 237).
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- CHAPTER 3
r‘ 1 \l’ _ BASIC PRINCIPLES OF ELECTROFISHING
s . S‘z The electrophysical and electrophysiological processes which play a

role in influencing fish by electricity in the water and in the body of
the animal itself are complicated and require considérable knowledge to
understand them. Anyone who is concerned with electrofishing requires
some background knowledge to understand the basic principles., This is
also necessary if one wishes to know the possible applications and
principles of electrofishing and the limit imposed by natural and technical
boundaries.
Before we turn to the practical section of electrofishing the basic
principles as they are applicable will be discussed. If electrophysiology
- . is something more than electrophysics, then it would follow that the book
,' has been written by a biologist to whom the physiological processes were
more familiar than the physical. This book is written for the person
interested in fishery biology and not for specialists versed in technical
matters.

1. Physical and Technical Principles

As mentioned above it is necessary to explgin some of the basic
principles in electricity, for those readers who so far have not much
to do with electricity. Additional explanations are found in footnotes
and in the glossary at the end of this book.

s 23 1.1 Basic laws of the direct current circuit

1.1.1 Electrical current

The important variables and their relationships may be learned by

('. studying the electrical circuit.
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In every electrical circuit a generator of current causes the
current to flow. For currents of smsall magnitude galvanic cells (i.e,
dry cells) and storage batteries are used. In electrical generating
stations dynamos are exclusively used.

Another important component of the circuit is the load or applieance
through which the current flows to produce a desired effect such as light
or heat. Loads include - lamps, motor, cooking and heating appliances.

The ability of the current to perform Gork is utilized in these devices.

In order to bring the current to the appliance, some system of conduction

is necessary, and this forms the third component of the electrical circuit.
Thus connections between electrical produce and load are necessary. We know
that a motor can only be driven when two wires are used. This illustrates
the most important fact - the electric current must flow to the load and
back to the electrical generator. Often the return part of the circuit

may be provided by the ground or by masses of ﬁetal, as for example, the
hull of a ship.

The necessity of iwo wires shows that the current flows in a circuit -
generator — load - and then back to the generator to complete the circuit.
The current continuously flows in this manner.

The movement of the current is produced by the current generator and
the load converts this form of energy into another. The flow of the current
may be compared with the flow of water through pipes since there are many
gimilarities.

According to present day concepts it is assumed that current flowing
in an electric conductor consists of a large number of negatively charged

particles known as electrons. Electrons are more or less mobile depending
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on the particular substance -~ i.e. some materials conduct electricity better
than others.

As mentioned above the electric current represents a definite number
of free electrons whose number in metals is 1023/cm3. Each electron

{
carries a specific electric charge which is termed e. Since each metal

n
containsﬁﬁé%%unit charges, the total quantity in the metal when no current
is flowing is n X e.
When current is flowing in a conductor the total number of electrons

is set in motion. In a metallic conductor, for instance, having a

length £ and a cross-section A, the quantity of electrical charges moved

T

is Q =@ In the time interval 't' the quantity of charges moved
through the cross-section A is really the electric current and its
magnitude may be mathematically defined as.

I = %'= neA% )

We now introduce the concept specific current density which is

defined by:
~I__ £
S =4 = mnef (2)

If it is remembered that velocity in physics is defined as distance
over time, then from equation (2) the quotient, %- may be considered to be
the speed of the electrons.

Equation (1) may be further explained by introducing some values.

It is necessary also to present a new unit of current strength. The
quantity Q is not used for practical reasons but the larger unit - the

Coulomb (C) is chosen. The charge on an electron is calculated to be ¢ =

0.16 x 10-18coulombs. From this it follows that one coulomb is the
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equivalent of 6.24 % 1018 unit of current; expressed as coulombs per
second (C/s) or amperes (A)f. When substituting coulombs for Q in

(1) the equation is simplified as I = Amperes per second (Hs).

Other quantities derived from amperes are milliamperes

- (Hs )

(1M = 10%)0 A) microampers (1yA = 1076A) or kiloamperes (1kA = 1000A = 103A)



5.25 1.1.2. Direct, alternating and pulsed current.

Various types of currents are distinguished in electric technology -
direct currents having a constant direction of flow and alternating currenté
in which the direction of flow reverses several times a second. A graph of
direct current of constant strength consists of a horizontal line parallel
to the time axis (Fig. 10a).

A graph of altermating current illustrates the periodic reversal of
direction and is represented by a sine curve (Fig. 10b). The instantaneous
value varies between zero and the maximum value (,Im) 5 and also - Im.

Since the current during a specific interval of time, continuously reverses
’ its polarity with a corresponding change in current, it is necessary only

to express the period of the cycle. The period is understood to be that

interval of time (T) measured in seconds, after which the cycle of fluctuation

of the current repeats itself (Fig.l 10b, 1la, b, ¢).

,f ( -{; 7 7’) The reciprocal of the period (l), that is the number of periods imn a

/ sy 4
V second, in known as the frequencj the unit of which is Heri,'z.Altemating N

r)ohs.f}‘old
current from the freustresdf circuit has a frequency of 50 Hz.

A special form of alternating or fluctuating current is pulsed current
which consists of continuously interrupted direct or alternating current,
or is produced by periodic discharges from a condensor. All types of
fluctuating current are employed in electrofishing and each type has a
specific use.
. ‘ (Fig. 11 - Various types of pulsed current a: square wave b: section
\

of sine wave. «c: exponential die-away, pulsed current).
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Square wave pulses are rarely used in electrofishing since capacitive

(a) Square wave (Fig. 1lla)

resistance elements in the load form exponential die-away curves following
”~

the 74 .
the surge of current resulting from making the circuit. (F’g‘ Mc)

(b) Parts of the wave of a sinusiodal current (Fig. 11b)

Periodic interruptions of sinusiodal current which forms pulsed current
are well suited for frightening fish. Its effectiveness is determined by
changes in the angle of the flow of current /;t The effect depends on the /P (‘y:

size of the fish, water boundaries, etc. (f;:i”

(c) Exponential die-away current (Fig. 1lc¢)

The shape of pulsed current is often used, since especially good
physiological effects (frightening and lethal) are observed. Also since
the pulse is produced by discharging condensers, a practically unlimited
supply of energy is avallable.

A pulsed current which is to be used in electrofishing must fulfill
the following conditions:

1. It must consist of brief but very effective pulses. This is especially

essential for electrofishing operations conducted in the sea where the high

electrical conductivity of sea water must be taken into aﬁcount. 4’(
C}Kreutzer and J. Delhloff, for example, employed currents with peak

strengths of 10000 amperes and peak voltages of 500 volts. In freshwater,

because of its favourable electrical conductivity, essentially less current

strengths are required. Because of its variability and the different sizes

of water bodies the conductivity of the water must always be determined before

electrofishing is begun. It would be pointless to use a pulsing device for

a range of resistiVity 30 ohm’em (sea water) to 10000 ohms-cm (springwater)

|
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when the waters being fished are in the range 800 to 3000 ohm-cm,

2, The duration of the pulse - i.e. the time required for the pulse to

rise from O to the peak and then back to Oy, should not exceed one millisecond.
It is important that this tl::§€d%%zsen so that 8 minimum of power is
required. The types as mentioned above are provided by either the discharge
of a condensor or by means of electronic circuit breakers (fransistors and

thyristors).

3. The time required for the pulse to rise from O to peak must be extremely
short as possible. This is achieved if the curve is made to rise as steeply
as possible. The steeper the leading edge of the curve the more effective
is the pulse on fish. If the pulse slowly rises to the maximum, the fish
displays no motor reaction even when high levels of current are used. 1In
catching fish with electricity pulses with a steep leading edge and a

trailing edge of shallow slope should be used.

4, The number of pulses applied per unit of time must, if at all possible,
be determined by the species and the size of fish. The frequency of pulses
characteristic of the species is determined by the shape of its body, but
the sensory physiological properties of the species are also important.
Apart from these features, reactions to the pulses by large fish are slower
than thosedisplayed by small fish, since a larger mass of muscle must be
moved in the former. For large fish, therefore, fewer pulses per unit time
are necessary to produce a muscle cramp than in small fish. Obviously small
fish can be stunned with low frequency of pulses, hut the duration of the

‘pulse must be essentially longer and the voltage higher. This last strategy
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is not feasible in practical electrofishing since one tries to get the
maximum effect with a minimum of power. Those differences which exist in
relation to the frequency of pulses; required to produce a given reaction
in the various species of fish of various sizes and various conditions are
discussed on Page 71.
(#)

The pulse frequency;'{{;.; the number of pulses per second may be
calculated from the duration of a pulse ‘stjfd the duration of the EL {:c(,
pause R (Fig. 1lla).

- 1000 _ 1000 3)

T + R
Xtd_
when an optimum effect on fish and other aquatic animals is to be achieved.
Each variation of these four parameters will give rise to a significant
alterations in the nature of the stimulating current and therefore its
effect. Increases in the rate of increase in voltage on the leading edge

of the pulse, for example, will have a more pronounced effect according

L
d’p‘le “eore as iﬁa e ‘PMerecase = 0-; Cltyron -

% ERTTC < dofen .




to the Dubois-Raymond law. Furthermore a stimulus must act over a minimum

- time at a minimum time to elicit a response (Horweg-Weiss laﬁzﬁégﬁf

1.1.3. Electrical Potential

The electric current arises, as previously mentioned, from the flow of
electrically charged particles. To understand the reason for this motion
it must be remembered that the producer of the current is an essential
component of the circuit. Without this component no current would flow.
This force which moves electrons is designated the electrical potential
and has the symbol U. Within the source of current the potential is such
that free electrons drain away to the negative terminal. The potential
difference in the current source @s traditionally called the electromotive
force (EMK).

The unit of potential is the volt (V). Smaller units are millivolts
= 1/1000 V = 10-3V; microvolts (uV) = 107%V., The large unit is the kilovolt
kv = 103v,

1.1.4. Ohm's Law

It is self evident that not only the potential (voltage) but also the
current can have various values. Since the potential moves the electrons
at a speed according to its magnitude, the current should increase in a
closed circuit, with increased voltage. Current varies directly with
voltage.

I AU

If various electrical circuits are tested with small and large incandescent
lamps it will be found that different current strengths can exist at the same
voltage. This demonstrates that the nature of the circuit can influence the

number of electrons which flow through it. The conductivity of the circuit
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is designated as G
I=GU (4)

The better the connecting wires conduct, the greater is the conductivity
and I at a constant voltage is correspondingly more (Equation 4). 1In
electrical technology, conductivity is not usually employed. The

reciprocal called resistance to flow or briefly "resistance" is used.

1
R=3 (5)
or I= %- (6)
’ Equation (6) is the most general form of Ohm's Law and states that

current strength increases with increasing voltage and decreases with

) increasing resistance. The law is the most basic for the flow of electric
currents in conductors.

S 30 If the units amperes and volts are inserted in equation (4) you obtain,
from G = I/U, a unit of conductivity (A/V) which is abridged as 'Siemens'( $
Accordingly from R = U/I the unit V/A 1is derived, i.e., the ohm (Q).
One kiloohm (kQ) =-1000 ohm; one megaohm (MR) = 10Schms.

1.1.5. Electrical Resistance

The resistance depends on the nature of the electrical circuit - i.e.
dependant upon the conductor itself. It can be shown experimentally that,
in a long conductor, resistance varies directly with length and inversely
with the area of cross-section. The nature of the material composing the
' conductor also affects the resistance. The current flowing encounters
a greater resistance the longer the thinner a wire, and the poorer its
conductance. The last feature is known as the specific conductivity #&'M

and the greater it is the more current can be conducted. The reciprocal
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of the conductivity is the specific resistance/and smaller it is the more
current can flow., Conductivity and specific resistance are used in practice.
If the length of the conductor is '£' and its cross-section is ‘A' then

the Tresistance is

Rl = g Eﬁisﬁ‘)i"ﬁ &)

Equation (7) permits the calculation of resistance of a conductor.
<« ¥§ing the variables length (cm), cross-section A (cm?) and the nature of

-
the material. If J’(IO) and 4 are inserted in this equation with the
then
appropriate units-thg&:

2
’ » @) (——Qc:m ) = (qcm) (8)
)
and % . (5'—"—’:) = ) (@)

cm

Equations (8) and (9) provide numerically the resistance of a cube,
of one cm edge. If you are working with elongated conductors, i.e., wires,
the length in meters and the cross-section in mm? would be used. In this

case the unit for the specific resistance from equation (7) is:

. (O_mm?
s. 31 S =)
and ‘%p = (%ﬁzﬁ

@

RIS



3 Table 1

Specific resistance, and specific conductivity of various conductors
i.e., silver, copper, gold, aluminum, wolfram zinc, brass, nickel, ironm,

( tin, platinum, lead.

L ————
of various electrodes: of different shapes in water, the following

T m———

Square plate of side, one metre R =

> D

: — ¥
= | [5=]

S e —....

")

—
. Conductive Material L:Q,

The following values for resistance of electrodes of various shapes

have been found by H(;sl:

(a) Wire or strip of 1 m length: R = %él
(b) Rod of 1 m length R = %
(c) Square plate (1xlm) R = .292

(d) Hemisphere having a
diameter,d(m) R = -325

p is the specific resistivity of the water in ohmss 27 .
S 32 (e) Sphere: R = W

(. where A 1is the surface area and K 1is a constant in which the conductivity

of the water is contained (Kreutzer).
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The following example should clafify the relationships indicated above,
Question: What current flows when the potential difference is 300 V, between
two electrodes, one consisting of a todlin‘oeeedA.S mﬁﬁ%ﬁer a'
square plate (0.5 x 0.5 m). The water has a resistivity of 150 ohms mf#
Solution: According to the relationships introduced here and Ohm's law,
the following may be calculated:

U, 300  _ 300 _ 2
TSR0, 150 450 ~ 3 Ampere

0.5 1

1.1.6 Electrical Work
If electrons are moved under the influence of potential difference,
work is performed which is proportional to the potential and charge moved.

From equation 1: W= U.Q = U.I.t o)
(s)
Using the units amperes (@) volts (V) and seconds &) work is expressed
(YFs)
in the units Volts. Amperes. seconds. [ The product of voltage and amperql ("
has its own unit, i.e., watt‘ (W), and the unit of work -~ Watthecondgfg‘
known as a JouleE])Normally electrical work is measured by a wattmeter and
expressed as kilowatt hours (kWh)., Interesting in this connection is the

work which can be performed within a given interval of time. This is

termed "power" (P) and from equation (10) it follows that
P a-Y-u an

where U 1is again an arbitrary voltage - for example, the voltage across
the terminals of a generator. The unit of work becomes.vo]t.ampere} or
Watt (VA). Larger units are usually preferred - i,e., 1000W = a kilowatt,

1000kW = a megawatt,

")

-3
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To calculate the work performed when a current of I flows through a

resistance R, simply substitute 1R for (Ohm's law) and ohtain the more

convenient formulae: P = I2R a2)
U2
or P R

1.1.7. Electrical Currents in Liguids

There are two categories of conduction of electricity through materials.
(a) Metallic or electron conduction
(b) Electrolytic or ion conduction

The first is found predominantly in solid and liquids metals, metallic allo
and intermediary metallic compounds. The second occurs chiefly in salts, in
the solid, liquid and dissolved state. Metals conduct, as a rule, electricity
much better than electrolytes. As mentioned previously this is due to the
presence of free or loozely bound electrons. Conduction in electrolytes
is accomplished by ions, i.e., electrically charged molecules.

If a potential difference is set up between two electrodes in an

electrolyte, a boundary layer exists between the metallic electrodes and the

electrolyte. The point of enhance of the current into the solution is called

the anode; the point of exift is known as the kathode. Here it must be
considered that the circuit has to be completed in order that a flow of
ions occurs between the two electrodes. The carrier of the electrical
charges are, as mentioned previously, ions which, according to the nature
of their charge move to the anode or kathode. Positive ions which move to
the negative pole are called cations whereas negative ions (moving toward

the positive pole) are known as anions. At the electrodes all ions lose
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their charge, i.e., the cathode releases as many ions as the anode receives.
The direction of current flow correspond, i.e. from the negative to the
positive pole.

If two metallic electrodes are placed in a weak‘éolution of copper
sulfate, they are surrounded by positive copper (Cu?t) and negative sulfate
ions (50“2). If a voltage is applied between the electrodes the ions under
the driving force of the potential move to the opposief;iy charged electrode:Z?v

L
Positively charged copper ions move to the negative electrode where they
pick up the electrons which lack. Now neutral copper metal is separated on
the kathode. Negative ions migrate to the anode and give up their electrons.

The movement of electrons (electrical current) through the electrolyte
is achieved by their transport in ioms.

1.1.3. The Electrical Field

Coulomb's law states that two point charges Q; and Q, exert a force

on each other in an airless space which 1s directly proportional to their

product and inversely proportional to the square of the distance r.

Q- Q )

K=k—;2———‘”' 13)

k = constant of proportionality.
In the same way, the force can be calculated which is exerted by a

point charge Q(Q; = Q) from a distance to the unit charge (Q; = ¥ ‘1:)

According to 6ﬁuation 13,

i(’s;oya’é (14)
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A value may be assigned to each point in the space around the charge
Q 1indicating the amount and direction as well as the force acting on the
unit charge particles. This defines the electrical field. Magnitudes
which contain both quantity and direction are known as vectors and are
ind;tated by an arrow in the direction of the vector.

The vector E of equation (14) defines the electrical field and may

be expressed in the form (equation 14) as

-
E =

(15)

Fol P30

Equation (15) states that charge of the acting force K 1is the same as
the charge Q multiplied by the field intensity E.

Using equation (10) and the relatiomship that force is equivalent to

work acting over a distance it follows that (ﬁ = g ._Q.__ )
Sy,

or E o= = 16)

The unit of field strength from equation (16) is expressed as volts
per centimeter (V/cm) or volts per meter (V/m). Instead of describing the
points in the field of force in the vicinity of the electric charge as
vectors, it may be mapped by curved lines which indicate the strength and
shape of the field. These are called current lines. The strength of the
field expressed by the respective size of the vector may be represented by
the density of the current lines, i.e., the number of field lines divided
by a surface perpendicular to them. This value, which has also a vectorial
component 1s expressed as current density [ (Equation 2).

The relationship between current density S and the strength of the
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electric field E 1is revealed when Ohm's law is applied and in this

equation the resistance R 1is inserted %@quation 7Y :

U U xA UA
I=gx= "% =l an
geh LI oxU . U
from which n X‘I oL (18)

combining equations 2 and 16 we get

3 = 5 E (19)

1

X | O

or E = of

(20)

The current density is therefore equal to the product of conductivity
and electrical field strength. Equation (20) is really the basic Ohm's
law. If the basic Ohm's law is applied to electrofishing, then it is
evident that the electrical field strength will vary with various water
conductivities. If for example, a certain field strength is required to
induce narcosis in a fish then in poor conducting mountain streams a smaller
current density can be used than in good conducting waters. Good conducting
water however, provides strong stable electrif fields in comparison to those
of poorly conducting waters,

Since current density and electrical field strength are bound together
by Ohm's law, the representation of the electrical field by current demsity
agrees with electrical field strength in quantity and direction as long as
X, with respect to Q has the same values throughout the entire field.

By solving equation (16), with the potential U, it turns out that the
potential U 1is equivalent to the electrical field strength 3 multiplied

by the distance of separation Z of the two measuring electrodes (U = E I).
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The various points in the vicinity of the charge may he arranged in the
place of the vectors E voltage = value U, If points of the same
potential are joined, then equipotential lines are formed which defines
the shape of the field.

Various types of electrical fields are shown in figures 12 to 14,
In Figure 12, the field about a point charge is represented radially
symmetrical, i.e., the line of current spreads out radially from the

point source euqlly on all sides. In this instance the equipotential

lines are concentric circles.

Fig. 12 The electrical field surrounding a point electrode. Lines of
current are shown by solid lines and equipotential lines are
dotted.

In Fig. 13, the electrical field (lines of current as well as
equipotential lines) between two plate electrodes are shown. Figure 13
shows four equipotential lines separated by equal distances., The potential
between any two lines especially the outermost lines and the surface of
the electrode is one-fifth of the eﬁtire potential. If we assume, for
example, that the total voltage between the two electrodes is 6 kV then,

can be “eufareot
between any two of the lines (6 kV/5 = 1.2 kV)//A;;_;ElatiOn to the
negative electrode, the designated equipotential lines one after the other

have voltages 1.2, 2.4, 3.6 and 4.8 kV respectively. Notice that the lines

of current and equipotential lines always intersect at right angles.
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Since the surface of the electrode is also an equipotential surface,

ent - s§0

the lines of current leave perpendicular from it, The electrical field
is strongest where lines of current and equipotential lines are the most
concentrated which according to Figures 12-14 occurs at the electrode,
The flow of electric current may be compared with the flow of water.
It flows down the mountain always in the direction of the greatest slope.
On a map, equipotential lines are analogues to contours, The electrical
current will flow in the direction of the greatest potential drop.
i’ It should be mentioned at this point that the information given by
38 depicting an electrical field by equipotential lines, or by lines of
current flow, is the same since both are directly related to each other.
It may be shown graphically by calculating the equipotential lines

between two concentric spherical electrodes, one with a radius r; and the

other with a radius r, (rp > rjp).

_ = -L
L= A zg-/@ ) (29

in which I 1s current strength and P is the resistivity of the water.
Equation (21) permits the plotting of equipotential lines surrounding

spherical electrodes., It can also be used, however, for all other forms Eg

of electrodes used in electrofishing which, although a crude approximatioﬁ’;r1l

vAuesS __ig sufficient | _aceuzate for practical work,
(‘
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Fig. 14 urrent
of d

Equation (21) illustrates futhermore that the shape of the electrical

field is dependent on the current strength. I, on resistivity of the water

and or that of the surrounding bank, the geometric measurement of the water

being fished and the dimensions of the electrodes.,

If a current flows from the positive pole of a current source over a
uniform metal conductor back to a negative pole, the potentigl difference
between the two poles falls more or less uniformly according to the
resistance of the conductor. The relationship in the electrical field is
different sinc%Lhe equipotential lines are compressed near the electrodes
andkEarther apat&Jﬂ;Ai&;distancé from them & increasel. If the field
is explored with two probes maintained at a constant distance it will be
found that the greatest potential gradient lies in the immediate vicinity
of the electrode. Figure 15 shows a typical plot of the gradients existing
between two electrodes separated by 10 m and having a total potential

difference of 300 V. The water has a resistivity of 150 Q.m.

Fig. 15 Voltage as a function of distance from two electrodes of
opposite charges.,

From Figure 15 it is deduced that the voltage at the positive electrode
is high whereas at a distance of one metre it has dropped to 1/10 of this
value. Between distances 1.7 and 2.4 metres, the value is only 2 V. In

the midpoint between the two electrodes (5 m) the voltage falls to zero

.-

-
-l
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and changes over to negative values; 10 m from the positive pole the
voltage reaches the greatest negative value;jff',

A fish which has a snout—to-tail voltage of about 2 V, i,e., this
is required to elicit a certain response to the field, would be stunned
at distances 1.7 to 2.4 metres from the electrode, Small fish would not
be influenced significantly in this instance because they are affected
only by greater voltage gradients charges at the eleétrodes.

At a distance of 1 m from the electrode the hody voltage of 2 V can
only be attained in fish 8 cm long. A fish 70 cm long would "tap off" a
significantly higher voltage.

In summary we can say that the potential difference is large only in
the immediate vicinity of the electrodes, dropping off significantly as the
distance from the electrode increases.

From this we may formulate a fundamental rule of electrofishing,

The currnent density nequired to narcotize, paralyze on k{BL §ish is gound

onfy 4in the immediate vicinity of the electrode. Incrnease of the inpute

voltage cannot alten this nelationship. This fact {4 also applicable

1o electnogishing 4in the ocean.

1.1.9. Sources of Electric Current

The electric current necessary for electrofishing operations is
usually supplied by bhatteries or generators, eg. direct and alternating
current generators.

Batteries are composed of a more or less large number of wet or dry
cells, A wet cell is a vessel with acid containing, for example, zinc
and copper plates are connected by a conducting wire, The potential

difference across the electrodes of such a cell is about 1.4 volts,
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Most cells used in industry are storage cells containing lead plates in
sulfuric acid; each cell has 2 volts across the plates,
A dry cell is a battery having no liquid acid but acidm®saturated
sawdust instead. The number of cells placed in service, depends on the
potential difference desired. Batteries used in industry have potentials
of 6, 12 and 24 V. Once spent, dry batteries are discarded and, unlike
wet cells, cannot be recharged.. For this reason dry batteries are seldom
used in electrofishing, because they are uneconomical, Batteries are only
used when small bodies of freshwater are to be fished with. apparatus
producing pulses. Since the production of short pulses require relatively
little current, fishing operations can be carried out 8-12 hours before
the batteries have to be recharged.
Before the use of pulsing devices, dynamos were exclusively used or
gasoline generaégrs. The latter were used to supply power for pulsing
devices when current from batteries was not sufficient because of the
unfavourable conductivity of the water (p 125).
If electrofishing is to be carried out in the ocean the sources of
current described above are not adequate since the conductivity of sea
water is 500 times as great as that of freshwater. In such instances
asoline or diesel generators are used, In experiments conducted on

é96, a generator of 200 kW was availahle, capahle of providing 10,000 A,
In recent years 40 kW or less have been used which can be produced with
large automobile engines (p 134).

In man} situations currents for electrofishing gear is provided by
the circuit used for electric lighting. Thus current is obtained for

electrofishing devices installed in front of the intake screens fromy the



@@

myce
electricity produced by the plant - an arrangement not onlyfﬁ;gztical but

also economical (p 146).

1.1.10 The Importance of the Shape and Arrangement of Electrodes

in Establishing an Electric Field in Water

As mentioned previously the form and density of the lines of electrical
current and consequently the efficiency of capturing fish depends upon the
form and arrangement of electrodes. Schiemenz and Humburg in 1939
explored the various possibilities of placing electrodes in various
configurations., From their work the following results emerged:

The greater the distance the electrodes are separated, the greater
is the dispersion of the lines of force berweemr ThE etrectrod®s resulting

betiucer, e oleclroole s
in a decrease of the current density im—tirts—regtom. At the electrodes

the lines are concentrated. According to equation (20) there is also

an increase in current dens%ﬁy. A fish in the region of an electrode
rea’er

(4

LHnercernces QW‘-é»Mﬂvg@f
hnr o Aongen frfbcr Ehe rnecitl o
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For plate.electrodes

where

r

V= Emin. ) In “n 22)

1 I
i= Emin. 9 2 °° 1 (23)
- 1 2l

R-j? .1 in = (24)
V = voltage between the two electrodes (V}

I = the total current (A)

R = the electrical resistance (Q)

E i, = least field strength (V[m)

P = specific resistivity of the water (Q - m)

1 = length of the plate electrodes (m)

r = the distance separating the electrodes one from the other
h = the height of the covered surface of the electrodes

The formulae only applies to direct and altermating current.

Humburg found using various arrangements of electrodes in water

the following dimensions (breath and depth) of effective fields.

Long electrodes

1.

Both electrodes fully immersed in deep water.

Voltage 220V, Current strength 55A

Extent of the effective field (possible volume of

fishable water) 6 m deep and 5 m broad.



2, Both electrodes floating:
(a) Voltage 220V, current, 55A . Extent of the effective
field 2.5 metre deep and 10 m broad.
(b) Voltage 110V, current 110A, extent of the effective

field 1.8 metres deep and 36 metres broad.

3. One electrode floating, the other pole grounded:
Voltage 220V, current 55A, extent of the effective field
2.5 metres deep, 16 metres broad.

4, One electrode floating, the other immersed under it.
(a) Voltage 220V, current 55A, extent of the effective
field 10 metres deep and 7.5 broad.
(b) Voltage 110V, current 110A, extent of the effective

field 6 metres deep and 25 metres broad.

For Short Electrodes

1. Both electrodes fully immersed in water:
Voltage 220V, current 20A.
Extent of the effective field 3m deep and 6m broad
2. Both electrodes floating
Voltage 220V, current l4A, effective field 2m deep
7m broad
3. One electrode floating, the other grounded
Voltage 220V, current 20A, effective field up 2m radius
around the anode
4, One electrode floating, the other immersed under it
Voltage 220V, current 14A, effective field up to 3m

in the vicinity and effects up to 5m deep
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Schiemenz and Humburg came to the conclusion that, in spite of the large
amount of energy used, areas greater than 150 square m. could not be
fished.

Denzer writes the following: '"When you simulate the energy relations

using direct current in a model aquarium test in order to predict
practical applications, it is evident that it is impossible to achieve

any large effective area (with direct current alone). Physiological
experiggz;g‘have demonstrated that a wminimum threshold current density of
0.88 is required to elicit galvanotaxis.

This means that, for a cross-section of water of one square metre, it would
be 0.8 x 106 microamperes = 0.8A. To render a cross-section of water

()1g 10 metres square effective a quantity of 8A are required: for 100
square meteres — 80A. The calculation of 8A for 10 square metres indicates
that, considering the weight of the gear, electrofishing operations can

be only carried out in brooks 5m broad and 2 metres deep. The values

found from experiments in aquaria are essentially close to those of
Schiemenz and Humburg. These may also be deduced from laboratory
experiments. In addition from this model the provisions where that the
electrodes consisted of flat plates - a condition impossible in flowing
water and in narrow, standing waters where too great a disturbance would
be caused. When we consider that the heaviest piece of equipment providing
220V and 16A, it would mean that waters with conductivities which allow
this current to actually flow would provide an effective field 10m broad
and 2m deep. As a result electrofishing, even if it has many practical
possibilities, is limited in its ability to remove all the fish from an

area.
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Electrodes used in the ocean have the following c‘haracteristics:
The spreading out of direct current from an electrode is a function of
the shape of an electrode and its surface area. For a spherical electrode

a diameter - d

R, = p (2nd) (25)

where the resistance of spreading out R, 1s, according to equation (25),
inversely proportional to the diameter of the spheref i.e., with increasing
diameter, the resistance decreases. For a sphere of diameter 2m, and a
specific resistance of the medium covering the sphere of 25 Qcm. (salted
fresh water according to table 8 on page 89) there would be a spreading
resistance of 0.02 ohms. From equation (16) and (20) V will be (S‘)/)g
Accordingly the voltage V for a constant 8 would decrease with increasing
< Lot
distance from the surface of the electrode. In figure 167%gg.g;perimentally
determined field between plate electrodes - one having a surface area of 4
sq metres and the other, fastened'to a ship - i.e., a surface of 20 sq.
metres. Haler determined that, for this arrangement of electrodes, 'within
a distance of 2m from the electrode, 607 of the total voltage between the
electrodes falls off. If the electrodes are increased threefold only 407%
of Fhevotbaye “¢ Meceviary
Fo-loss./” It would not be feasible to construct large electrodes because
of weight, their resistance to water movement and general awkwardness. The
spreading resistance would only be slightly changed if a discontinuous
electrode surface instead of a solid surface was used. The discontinuous

surface does not have to be rigid since it assumes this property either

from the "1ift' or the drag resistance as it is pulled through water.
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Fig. 16 Electric field in seawater as found in an experiment of Haier
(explained in the text)

Fig. 17 TForms of electrodes for electrofishing installations in the ocean
(from Haier).
Explanation of numbers:

left: 1. 1lead-in/wire right: 1. insulated
2. tube beam (elliptical) lead-in wire
3. conductive copper net 2.3 boards
4, float 4, conducting strips
5. weights

The possibilities of arranging the electrodes are diverse - two forms
of electrodes are shown in Fig. 17. When fishing on the high sea/; suit-
able parts of the net frame (page 139) may serve as electrodes of large
surface area. If one or several large, flat electrodes have been installed,
then the properties of the field can be improved by inserting auxiliary
electrodes which produce intermediate potentials. In this way the field
strength in this region is not basically changed and the field acquires a
preferred direction. This condition is illustrated in Fig. 18. The main
electrode 1 produces without the auxiliary electrode, a drbp in potential
shown along the axis AB. Next to it on the left is shown the drop in
potential using auxiliary electrode 2 which‘is held at 50% of the total

voltage. If the stimulating field is designated by a dashed line (showing

a value of Eg) then it is evident that the region of indluence increases from
Zl to &9 when the auxiliary electrode is used. The intermediate potential

of this extra electrode may be adjusted by a voltage divider or by making the

spreading resistance greater than than of the main electrode. Such arrangements

are best carried out by using parts of the net frame (Fig. 19). It is known
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from work with alternating currents that very variable currents in a medium
through which the conductors run, Lave the tendency to flow back, if possible,
through these conductors. This effect results in a preferred direction of the

field and is highly desir/ahle.

Fig. 18: Controlling the drop in potential by means of auxiliary electrodes
after Haier). Explanation in the text.

2. Basics of Electrophysiology

2.1. Typical reactions of the fish in the electrical field.

Fish react in a variety of ways in the electric field. According to
the type and density of the electrical current they may swim after the
current is switched on, towards the anode, ¥~yoo place their bodies at
right angles to the lines of current flow t(uy.‘/ar—;%ﬁ'c;tlzed by an
increase in current demsity. They may also be repelled by the electric
current and if the field is sufficiently strong they can be killed. The
following typical reactions may be distinguished.

2.1.1. Behaviour of fish in fields of direct current.

The first visible reaction of a fish occurs when it is parallel to
the lines of forceféﬁudder;>?{th its entire body. If its position lies
across these lines a movement of the head toward the anode occurs.

When the current density is increased the second reaction is elicited
in which the fish - if parallel to the lines of current - swims toward the
anode (electrotaxis - called galvanotaxis only when the field is of direct

'S
current). If at right angles the fish positionf feealf parallel to these
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lines when the switch is turmed on. It does not swim in this instance to
the anode but only when a new stimulus is applied. The third reaction
occurs when a further increase in the current denmsity occurs. The fish
loses its equilibrium and does not display any voluntary movements
(electronarcosis).

2.1.2. Behaviouf of fish in fields of alternating current.

Again the first reaction consists of a quivering of the head or the
entire body but this response is not related to any of the two electrodes.
In the second reaction - oscillotaxis, the fish assumes a position across
the lines of force so that the potential difference across its body is
minimized. No anodic reaction is displayed. In the third reaction the
fish are stunned - as with direct current (electronarcosis). In fish
narcotizedy by alternating current the colour of the skin is lightened
by contrac;ion of the pigment. In addition when the current is turmed on
most fishes (trout, carp tench, dwarf, catfish) experience a type of
hypnosis (SCHEMINSKY). The fish does not resume its normal swimming
pattern as after being exposed to pulsed and direct current - but lies
on its side or back for several minutes. After the "hypnosis'" has worn
off, the fish swims away in the same manner after it had been exposed to
direct current.

2.1.3. Behaviour of fish in pulsed current.

Reactions of fishes are dependent upon pulse form, frequency and duty
cycle.

In the first reaction, quivering of the whole body occurs which is
more or less in sympathy with the frequency of pulses.

In the second reaction the fish swims according to the shape of the

pulse: a rapid rise, gradual or rapid decrease (for example, the form



of a condensor discharge) to the anode. When the pulse form is squared
the fish often places itself across the lines of the field. When the
pulse has a leading edge of gradual slope which quickly falls off a
movement towards the cathode often occurs (p. 63).

The third reaction is again characterized by immobility (electronarcosis).
In spite of symptoms which. are superficially similar, the physiological
processess elicited by the various types of electrical currents are
distinctly different.

If fish are exposed to direct current a substance is produced according
to Scheminzky and Koellensperger in the spinal cord which initially
stimulates or if in a sufficiently high concentration, induces narcosis
in the animal. When the current is turned off this substance is again
broken down. With galvanonarcosis morever, a depression of the activity
of the central nervous system occurs. In this respect galvanonarcosis
may be considered to be similar to chemical narcosis which produces a
pure paralysis.

a
ey ;

e : ,
Alternatint’ current induces a more or less pronounced stimulation of

the central nervous system, which is expres§ed by sustained muscle
contraction (twitching). The lack of ability to move - narcosis is a
result of muscle cramps occurring at high current densities. These

arise from the superimposition of a series of individual contractions.
The stunning in this instance is not a true paralysis but rather a muscle
cramp of tetanic nature.

2.2. Current density and field strength.

The intensity of the effects of the electrical current is in general
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a function not of the absolute current in the experimental tank but, as
mentioned above, is characteri%ed‘hy the current flowing through a square
cross-section (Equation 2). The unit of current density is the number of
amperes flowing through one square millimeter of cross-section. The name
of the unit is "Vorsselmann de Heer" or "Poggendorf" and the symbol A.

For physiological and therapeutic purposes Sebr.
EULC PUTPORES

Table 1

Current density values in samples of salt and freshwater fishes

(after Halsband)

1 2 3 4
Fish species Stickleback Loach Plaice Steinpicker
Gasterosteus Nemachilus Pleuronectes Agonus
aculeatus barbatulus platessa cataphractus
Length 5-6 cm 10-12 cm 20-22 cm 8-10 cm
Weight 34 g 7-9 g 45-100 g 14-16 g
First reaction 0.48 0.08 39.91 18.18
2nd reaction 1.88 1.55 44,34 50.99
(galvanotaxis)
3rd reaction 3.94 2.43 70.95 115.00
(galvanonarcosis)

-
.)‘ It has the value 10 6A and is designated asé;. The unit for current
density is 107A per square millimeter.

The threshold values which must be attained to elicit the desired

reactions for various species is according to the rules outlined below.
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The threshold values for fish of the same species and size are, within

small variations, constant and reproducable. Below the threshold of the

first reaction no response is evident.

A simple experiment is described below in which the three reactions

are determined in a direct current field.
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Two copper electrodes are attached on the two opposite sides of an
aquarium. These electrodes are congruent to these ends. For experiments
in sea water, the electrodes are coated to reduce electrolysis, Batteries
provide the current and are hooked up in the manner shoyén in Fig. 20.
Voltage is controlled by a variable rheostat and amperes and voltages are
measured by the appropriate instruments. A switch in the circuit is used
to turn the current off and on.

The experimental fish is placed in the aquarium and allowed 25 to 30
minutes to adapt after which time the determination is begun. A low
current density is employed (0.0SSégjwhich is slowly increased until the
fish convulses either with the head or the entire body. When the first
reaction has been achieved the voltage is determined, thus calculating the
intensity of field (Equation 16). The voltage is then increased until the
fish swims to the anode, indicating the onset of the second phase -
galvanotaxis - this value is recorded. Further increase in the voltage
eventually leads to complete narcosis, and this value is again recorded.

The intensity of the electrical effect is calculated from the measured
current density which is the result of dividing current strength (micro-
amperes) by the cross-section of the liquid in the test bath in mm.

Investigations of Scheminzky and Denzer indicate that Cottus gobio

is the most sensitive fish species. An individual 60-70 mm long, undergoes

galvanonarcosis at a current density of 1.67 &. In contrast the common
v Hhe game rea ki on
minnow (Phoxinun laevis) requires 2.15 6.(’EV€K”EEE_I;Eerva1 between the

three reactions in Cottus gobio is narrower than that of other fish. If

the value of the current causing the first reaction is assigned the value
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unity then the galvanotaxis occurs at 6.5 and the galvanonarcosis at 8.8.

For the common minnow the ratio is 1:15:24. Denzer used Cottus gobio

because it was a responsive fish displaying the first reaction very
distinctly. It resembles in its behaviour that of mammals when cramps are
mndoced-

sadwred by oxygen lack. Apparently this similarity is not just superficial
but is functional equivalent in the last phase in which the extension of

the extremities in mammals corresponds to the spreading out of the fins

and the opercula.

Figure 20: Experimental arrangement to determine threshold values in
fishes (Explanation in text)

>
1

s — Row of storage cells

o
1

Variable resistor

A - Ammeter

\Y Voltmeter

U

Switch

El/EZ - Electrodes

It is significant that the threshold values decrease with increase of

size of the fish.
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Table 2

Dependence of body size and threshold values for the first reaction,

galvanotaxis and galvanonarcosis in the common minnow Phoxinus laevis

(after Scheminzky)

Length Number of Average First Galvano- Galvano-
internal Animals Length Reaction taxis narcosis
8 8 8

The relationship of threshold intensities among each other remains

approximately constant as shown by the following table.
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(cont.)

I LK

or R = G ¢ 4m

=Nl
~r

substituting: R =‘%' R =

may be also used when it is assumed that the ratio in homogenous and
heterogenous corresponds to 3/4 of the lengthF= Then LUh c

Ptre above formula may be written

I .L.K
G * 4w

o[

If this equation is solved for I (by squaring both sides).

-

This may be expressed in words in the following manner:

In heterogeneous fields (when the anode is at the head of the fish)
the required field strength to stun a fish is, according to Ohm's Law,
(Equation 18) proportional to the length of the fish. In other words
the longer the fish, the greater the current ‘demnsity (field strength)
required to stun it. This is exactly the opposite relation prevailing

in homogenous field (Fig. 211;/’//,

2.3. Body Voltage
According to Holzer, the body voltage is the voltage between snout
and tail necessary to elicit a given reaction in the electri€ field.
In other words the voltage '"tapped'" across the experimental object is a
‘nFluence om fron.

measure of the strength of the electric ftel Since there are often

technical difficulties associated with its determination one must be
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Table 3
Relative scopes of the three levels of the effect of the electric current

in the common minnow Phoxinus laevis (according to Scheminzky)

Average 1st Reaction 2nd Reaction 3rd Reaction
Length (Galvanotaxis) Galvanonarcosis
m

Average values

The position of the fish in the electrical field is also important.

Higher values are required to elicit these reactions when the fish is
}La.

exposed to an ascending current direction(f;/the descending current
direction. C. Kreutzer has described the relationship between the length
of the fish and field strength in homogenous and heterogeneous field in
the following way:

In homogenous fields, the longer the fish, the less the field strength

which is required to elicit a given reaction. Field strengths are expressed

in volts per cm.

i LAy kLT S
When the field gg“he;a:ngﬁnecﬂst however, for example when a hook

™ e . e e ———

in its mouth serves as one of the electrodes, the field strength over the
length of the fish is not uniform. In this instance it is greatest near
the head, progressively decreasing towards the tail. If it is assumed
that the effective strength in this heterogenous field corresponds to
that at the middle of the body in a homogenous field, i.e., the strength

required to stun a fish, then the following formula may be used:

R (R - ’\//current x fish length x constant (i.e. specific resistivit
(Range ) body voltage . 4w (=3.14)



satisfied with a statement of current density and ignores the distortion

of the field caused by the presence of the fish. The statement of current
S 54 density must also be supplemented by the size of the animal and the cross-
section of the test bath., Distortion of the field increases as the ratée~

becomes Yreal’ B oandife 1
of~body size se—aréa of cross-section decreases.

Fig. 21 here

A is the field strength required to stun a one meter-long fish. B is
the corresponding field strength necessary when distributed evenly along
. the fish, C is the field strength required to stun a 3 meter fish when
the electrode (hook) is placed in the mouth. D is the field strength

when the field is homogenous throughout the length of the fish. t—*ﬁ‘f"f‘/‘a“‘/

It may be seen from the curve and the straight line that short
' Lower
fish require a higher homogenous field strength but a leuww hetero-
geneous field than long fish. (after Kreutzer)
Only for very large areas of cross-section is the relationship of
fish size to size of the test bath practically insignificant.
Concerning the absolute stimulating voltage, Holzer writes:
"The following relationship holds for the equivalent solution".
If you place two electrodes s cms apart in the test bath at a voltage
of U (volts/cm), the following formula emerges
| !
E= E-(yolts/cm).
The experimental animal of length L (cm) when placed in a bath is able,

to
because of its extended length, 2§ "tap off" a voltage according to its
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J
position in the field.

According to the length of the experimental object the voltage across

the length of the fish is given by

Uf =E.L =

n |

where this voltage is

. Uf

This voltage was named by Holzer, after borrowing a graphic concept of
electrical technology, as "body voltage'. Extremely more complicated would
be the relationship if the conditions of the equivalent solutions were not
met. Holzer has given formulae for this condition but they are too difficult
to be presented in this book.

The body voltage for trout, as an example, for the first reaction is
0.4 volts, for the second reaction - 1.2 volts and for the third 2 volts.
Since large fish "tap off" a larger voltage than small, they are influenced
sooner and with relatively small current densities. Fish which tap off

voltages less than the body voltage are able to escape the influence of

the electric field.

TARLE 4

The dependence of fish length and current density as reflected by
body voltage in Leuciscus rutilis, Carassius vulgaris and
Alburnus lucidus. 50Hz alternating current (from Holzer)

Length of Current Current Voltage Field Body
-Fish #trength density at the $trength Woltage
cm pAeff in electrodes V/eff/
tank in Veff cm
g

eff
5 Veff Veff/Cm V.e
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The current density at the site of stimulation, i.e., inside the test

animal is determined by the following factors: differential conductivity

of the body of the fish and the liquid, fesistance of the membrane, shape

of the experimental animal, spatial dimensions of the region of stimulation

and, in the instance where there are several animals in the tank, the number

of these. -

Holzer described the pattern of flow lines of current for a conical
object and came to the following conclusion: outer and inner current
densities are connected by a linear relation. The relationship of outer
to inner current densities falls in three categories. In good conducting
solutions the value is very small. .For solutions of moderate conductivities
the value increases, It is in this region that the equivalent solution
falls (i.e. conductivities of fish and the bath are incidental). Low
conductivities produce relative values from 3 to 3.2 which is practically
independent of the conductivity of the solution. In general the membrane
depresses the inner current density. At extremely low conductivities of
the bath however, the inner current density, increases when the specific
conductivity of the membrane is diminished. The number of objects in the
area of stimulus influences the current density in model objects. This
influences the current density in model objects. This influence is

considerable for objects lacking membranes, but small for those with thij;ﬂ”'

2.4. The effect of electric current on the metabolism of fish

In spite of the pronounced neuro-physiological effect of pulsed
current on fish it was demonstrated by Halsband that the metabolism of

fish (basal metabolic rate, ventilation rate and gut temperature) was
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little affected. After effects of exposure to pulsed currents lasted 20
minutes; for direct current however, 70 minutes; and for alternating
current, as much as 120 minutes.

In other words -

While pulsed current exerts the greatest neurological effect,

it has the 1eaét residual effect on the whole animal. It is therefore the
most suitable for electro-fishing.

Metabolic intensity is measured by oxygen consumption per hour,
frequency of breathing per minute, and gut temperature are conducted in
a specially built respiroﬁeter. Oxygen concentrations, are determined by
the Winkler method. Breathing frequencies are counted by an electrical
method devised by Halsband. Gut temperatures are determined by a thermo-
couple. The electrical stimulus which was applied for a period between
20-60 seconds was applied by wire screen electrodes applied at the end of
the respirator tube. The durfation of the pulse used in the investigation
was 2 milliseconds and the frequency set at the normal rate of 50 per second.

The following results were obtained from the experiments. After the

ch/ﬂ’-&f“c

flow of the electric current a more or less increasg in metabolism occurred
according to the type and duration of the applied stimuli. For example 20
seconds of direct current applied at a current density corresponding to the
threshold for galvanotaxis resulted in a maximum increase of 35% over the
normal value. This was followed by fluctuating values which fell to the
normal value after 70 minutes. When the application was increased to 60
seconds, values of the metabolism were proportionally higher but the return

to normal was not longer than previously. A decrease in metabolism was
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noted as the threshold for galvanonarcosis was reached. The decrease in
metabolism at this value amounted to 52%. The effect of the electrical
current influences metabolism not only by an increase in current density
but also by the prolongation of the period over which it is applied. 1In
this manner a paralyzing effect is elicited.

Effects of alternating current are greater than those of direct
current. The average increase of metabolism at the threshold of electro-
taxis for a duration of 20 seconds is 48%. When the current density is
increased the initial increase in metabolism falls below normal when the
threshold for electronarcosis is attained. On the average the normal value
returns two hours after the current is turned off.

Metabolims is least affected by pulsed current. At the electrotaxis
threshold it is depressed only 12% and returns to normal after 20 minutes.

Fig. 22 Oxygen consumption and frequency of opercular

movements of Trutta iridea, after the effects
of direct current (from E. Halsband)

Current density &8 = 1.19 (threshold for electrotaxis)
Water temperature #5¢¢ A45vC

Time of application = 20 sec

of el. current

Length of fish = 10.5 cm

Weight 11.0 g.

Increase of current density, produces at the level of electronarcosis, a
depression in metabolism. The percentual greatest and longest temporal
effect on metabolism is achieved therefore by alternating current. The
least in magnitude and duration are the effects caused by pulsed current.
Figures 22, 23 and 24 show typical experimental procedures,

Presumably the reasons for the change in metabolism lies in the
direct effect of the current on the central control of the respiratory

movements. High levels of current have an inhibiting effect whereas low
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levels stimulate.

In the state of excitation and electrotaxis, there occurs as a
consequence of the stimulation, an increase in work done by muscles. This
produces an increase in the heat generated and is reflected by a higher
gut temperature. The calming effect of narcosis in contrast lowers the
intensity of the metabolism.

Investigations on warm blooded animals have shown that weak electric
currents (A.C. and D.C.) have a vasomotor effect in which the blood vessels
are dilated. This vasodilation is not only found on the skin but also in
deep sections. This effect may last several hours. Vasoconstriction occurs
at higher current intensity which is accompanied by narcosis. It can be
assumed that similar effects occur in fish as in warm-blogded animals and

that these cause the changes in metabolism observed.

2.5 Migration of Ions induced by electrical currents in fish

It is known from the physiology of warm blooded animals that when
direct current is applied to a tissue, electrical charges (borne on ions)
are made to migrate. This causes changes in the chemical composition of
the animal's body. Those ions responsible for the charges arise from the
dissociation of electrolytes into positively and negatively charged particles.
Associated with the migration of dissociated ;;:ieand water molecules is a
movement of the solvent particles, This process is known as electrophoresis.
Uégégﬁssociated molecules also take part i.e. water and salt molecules as
well as colloidal particle suspended in the blood and tissue fluids lipoids,

proteins, sugar etc. This migration of ions produces changes in concentration

not only in the tissue fluid but also in the cell bodies. The reason for
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these alterations in composition may be found in the different, relative
permeabilities; at the boundaries of the cell and everywhere where two

different media come in contact.

Figure 23: Oxygen consumption and frequency of opercular
movements of Trutta iridea after the application
of alternating current (after E. Halsband)
current density 6 = 0.71 (threshold for electrotaxis)
water temperature = 15C
length of animal = 9.4 cm
weight 10.6 ¢
Duration of application = 20 secs

Fig. 24 Oxygen consumption and opercular beats of Trutta iridea after
exposure to pulsed current (after E. Halsband)
current density & = 0.29 (threshold for electrotaxis)
water temperature = 15C
duration of application = 20 sec.
length of animal = 10.8 em
weight of animal = 13.5 g

An activation and mobilization of countless halogen and mineral ions occurs
in which an intensive stimulus to all metabolic and life processes is
carried out. It is also assumed that the perfusion if fish with direct

current elicits similar processes and these exert a profound influence on

metabolism.

Applicable to the stimulating effects of alternating and pulsed current

(if one considers these to be a series of current pulses) are the same laws
which govern the effects of direct current.
2.6 The Law of Polar Stimulation and its significance in explaining the

behaviour of fish in an electrical field.

The behaviour of the whole animal in the electric field corresponds

to that of an isolated merve in response to an electric stimulus. A nerve
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is ii%ulated when the current is switched on and off. The flow of current
itself is ineffective; it is really the change of stimulus intensity which
exerts an effect - a condition necessary to stimulate sense organs. For
example, the normal position of the head does not stimulate the semicircular
canal; only temperature changes fire the thermal receptors. Significant
differences exist between the 'make' and 'break' stimulus of the electrical
circuit.
1. The threshold value for the 'make'stimulus (the minimum current
strength or voltage which elicits a visible response in the nervous system)
is less than that of the 'break' stimulus.
2. Stimulation or excitation of the nerves occurs, when completing the
circuit at the cathode and, when breaking the circuit at the anode.

The observed phenomenon is known as the law of polar excitation and is
explained in the following way. We know from experience the nerve membrane
is permeable to caytions - i.e. (positively charged ions) and ﬂquégzieggbblﬂ

ImPeY

anions (negatively charged ions). The interior of the axon contains
electrolytes, predominantly K2 H POA’ while outside, in contrast NaCl is an
important solute. K* can diffuse through the membrane but Nat because of its
greater diameter is unable to do so. According to the concept of the flow
of electrons potassium, which is very mobile, and decreases the resistance and
accumulates at the anode. This alteration of the membrane causes an
increase of excitability at the cathode - catelectrotonus - and at the anode -
a decrease known as anelectrotonus. When the circuit is broken the decline
of excitability at the anode returns to its original level. This is
expressed by a relative excitation in the vicinity of the anogde. The

reaction which occurs under the anode also happens by the reversal of polarity
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in tissues which takes place when the circuit is broken.

This explanation may be peculiar but the breaking of the circuit is less
effective thaa its closing.

The generation of catetectronus and the disappearance of anelectrotonus has
excitatory effects on the nerves.

When these laws which apply to nerves are applied to muscles then
Pflﬁgers law of twitch is demonstrated. If the positive electrode is
applied to the end of nerve supplying a muscle and the negative electrode
on the other end, nothing happens. The anode produces a paralyzing
anelectrotonus. When anode and cathode are exchanged a muscle twitch is
elicited.

Similar laws apply to the whole animal - fish, for example. When the
fish 1lies with its tail towards the cathods, then this part is strongly
stimulated and the resulting movement propel the -fish towards the anode.
When the fish has the opposite position (head towards the cathode) the

current only elicites a slight quiver of the tail. 1;
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when the head points toward the cathode. Next the head dlsplays a cdnvulsivu
towards the anode and the stimulating shock of the cathode spreads gradually

over the entire body musculature causing the fish to turn and simultaneously

eliciting swimming motion towards the anode. (Fig. 25). The anode reaction
is graphically depicted in Fig. 26.
In Fig. 26 strongly magnified body cells are marked to show the

. excited (light) and paralyzed side (dark).

Fig. 25. The fish of Pflueger's experiment (modified from Denzer)

562 The cells are therefore stimulated in the region of the cathode (see
the polar stimulation law mentioned above) and paralyzed near the anode.
As a consequence the fish turns from the excited to the paralyzed side;
it accordingly flees the region of the cathode to that of the anode.

The reaction of the fish in the electric field is influenced by many
factors - i.e., type of current, pulse frequence, temperature and the
conductivity of the water.

Lamarque interpreted this reaction also as e'lectronus which induced

. inhibition. The nerve tracts have a double polarity - afferent nerves
(receive stimuli) are centripedal, efferent (conduct motor impulse) are
centrifugal. The strength of an electric field depends on the length of

the nervous elements, the position of the fish, the current density and the



fish species.

Lamarque also distinguished between anodic movements and anodic
bending. These latter occur at low current densities when the fish
is perpendicular to the lines of force. Bending toward that anode
depends directly on the stimulation of the motor elements of that half
of the body which is pointed toward the cathode. In this way the body
bends away from the cathode in the direction of the anode.

If the fish lies with its head next to the cathode it will swim
at a certain threshold intensity to this electrode. This so-called
cathodic galvanotaxis has excaped the notice of many investigators.
Cathodic swimming movements are weaker and less pronmounced than the

forced movement to the anode.

Fig. 26. Graphic presentation of the swimming movements displayed by a
fish in reacting anodically to the electric field (explanation

in text)

It occurs when the motor nerve tracts are directly stimulated by the current,

ﬁhe shorter afferent nerves not being affected. At stronger voltage values,
the fish turns in any case and shows the normal anodic reaction. The move-
ments towards the anode are ilicited by reflexes - cerebral and medullary
reflexes in direct currentézag%ﬁllary reflexes in pulsed current.
2.7 According to E. Halsband, fish when subjected to gradual current
\. increases and decreases, display no reaction up to a certain threshold. At
a considerably higher current density some reaction is noticed and only when

xg olecyear,a o
the current is increased in the direction of the anode/or vertically to the

\’f.
O
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lines of force. The same observation can be made as mentioned previously
on isolated nerves. Also with an isolated nerve gradual increase or
decrease in the current elicits no stimulation. The nerve appears to

adapt to the stimulus (accomodation). The stimulus results therefore

not only from the change in the intensity but also from the rate of change.
A further requirement is that the curve describing the increase in current
density must attain a certain steepness. The less the steepness the higher
is the necessary threshold to elicit a response. The threshold is under-

stood to be the minimum current density which is required to cause a given

reaction in the fish.<
Beyond a certain time interval for the increase of the current no

response will take place. _If one combines a gradual increase with a steep
decline in current, a distinct convulsive movement of the fish in the
direction of the cathode will occur - similar to that phenomenon described
in an isolated nerve. When stimuli are applied in rapid succession - closing
(make) and opening (break) reactions (stimulation under the anode and
stimulation under the cathode) occur simultaneously. There is reciprocal
cancellation of reactions in which a reaction to the anode is suppressed.
When the current is applied abruptly and the rise in current is steep, the
experimental animal shows a pronounced response. The animal is stimulated
in the region of the cathode which results in a movement to the anode.
If after the circuit is completed, it is slowly or directly opened,
no cathodic."opening" convulsion occurs since the narrow difference of
irritability, is not enough to induce stimulation in the vicinity of the anode.
I1f the circuit is suddenly closed and after a considerable passage of
time, (2 minutes maximum) again opened, the animal will display a cathodic

opening reaction at a certain current density which is known as the 'cathodic
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opening convulsion' - also known as the "accomodation convulsion",

after such a long application of the stimulus, the fish has

accomodated to the slow increase of current such that it responds to another

also Q_sieyg Shmeles, buk

stimulation Pmde-when it is(fs; sufficient time to affect the fish;////’
From these results it follows that, when the leading edge of a

pulse of current rises slowly and either falls slowly or abruptly, the

pulse form is unsuitable for electrofishing. It will not guide the fish

to the anode. A series of pulses following each other which have steep

leading edges and gradually trailing edges will also produce the desired

movement of the fish to the anode. This type of pulse is best for electro-

fishing and is technically produced by condensor dischargings. It

stimulates the type of pulse produced by electric eels and produces the

maximum effect for the minimum expenditure of energy.

Fig. 27. Types of electrical pulses (see text for an explanation)
left to right: Square wave (A), condensor discharge(jfb)/
aperiodic oscillation (C), 1/4 sinus wave (D), 1/2 sinus

wave (E).

The various forms of pulses are summarized in figure 27. Curve forms
A and-E$axe less suitable for electrofishing than B and D. Curve form D
is especially useful when it is required to frighten fish away from
installations or to herd them in a desired direction. Its form resembles
that produced by electric fish (Fig. 6)

Curve form B is the most ideal type to conduct electrofishing operations.

Most Fish display the anodic reaction when this form is encountered (page 64).

o e



The following experiment allows the reader'to draw his own conclusion on
the validity the descriFtion of these curve forms.
ass

The rectangular ga¥ss aquarium filled with water is provided with
two copper electrodes congruent to and secured on each end. The circuit
with a storage battery as a current source is constructed from the diagram
shown in fig. 20. Experiments are conducted using steeply rising and falling
pulses. Slowly increasing and decreasing pulses are also employed. The
fii%i:type of pulse is provided by an abrupt tuyrning off and on the current

rc-‘u.‘l-— abagt rv“-c_l. [%

by a tumbler switch and " ;;%pt which slowly builds

TEVerng. switt
up and decreases is produced by sliding a glass tube wound with copper wire
into a beaker containing an electrolyte (5% common salt, for example). By
slowly immersing and taking out the tube the current intensity can be slowly
changed. A milliammeter in the circuit registers the current. If a fish

is placed in the aquarium (i.e. a trout) the apparatus can be operated in
the following manner to study its responses at various current densities.
Abrupt increases and decreases of current intensity causes the fish to swim
Sleaty

to the anode. No reaction is observed when current changes are—gradual.
Sleatey cpq Wt decreainf

'R

Graduai increasp‘followed by an abrupt decrease results in the cathodic
opening reaction mentioned above i.e. the fish displays a movement of its
head in the direction of the €athode. Repetitive experiments with the same
fish is to be avoided since continuous stimuli causes fatique and definite
responses to the current no longer occur.

2.8 Analysis of the Anodic Reaction of Fish

Fish respond to stimuli perceived by sensitive nerve endings lying
under. the skin which in an intact animal leads to a motor reflex. Removal

of the spinal cord abolishes the movement to the anode. The anodic response
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is mediated not through certain sense organs which was originally assumed.
Decapitated (spinal animals) fish for instance, and fish with severed lateral
line organs display the anodic reaction. A convulsion in the direction of
the anode is obtained even when the central nervous system is excluded.
Kuhn, Schulze and Spiecker conducted numerous such experiments using both
surgical and pharmaceutical techniques. The fish was treated with curare
in which the neuromuscular synapses were blocked thus innervating the
muscles. If such experimental animals are exposed to direct current,
convulsions in the direction of the anode occur. The persistence and
prolonged effects of this reaction after the exclusion of nervous controls,
illustrates that the anodic convulsion is also possible through a direct
stimulation of muscle by the electric current. For coordinated movement,
however, an intact spinal cord is necessary.

Voluntary and involuntary movements, in the electrically influenced
fish may be distinguished. Voluntary movement, normal swimming behaviour -
is mediated through the central nervous syégm. Involuntary movements can
be elicited independently of this sxiém. Anodic convulsions fall in this
category. Even involuntary movements of bending of the body evoked by the
electric current are always followed by a voluntary movement in the opposite
direction. The cause of this counter movement is still unclear. It is

" in the sense that Sherrington suggested

either some sort of "stepping reflex
or one of the manifold functions of centres of higher coordination of the
spinal cord of fish described by Holst, Dijkgraaf and Lissman.

When a fish is in a direct current field it swims actively to the

anode as long as it can voluntarily comntrol its movements. Its nervous

system is fully intact. If this voluntary behaviour ceases then the
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swimming movements are transformed into convulsive movements directed
towards the anode. The fish body moves in the direction of the anode
with each new convulsion. This may be demonstrated using the experimental
aquar;um described previously. Voltage and amperes are measured by the
appropriate instruments from which the current density in the water can
be calculated. (See the experiments on page 49).

(a) A fish is placed in the aquarium and allowed 35 to 40 minutes to
attain the relaxed state. After this time the current is turned on.
Current is gradually increased from O upwards by means of a potentiometer
until it swims towards the anode. A current density of 1.4 § (approx.)
is required for a 10cm. long trout. This value is recorded.

(b) A fish is decapitated and then placed in the field of the electric
current. At the level recorded in (a) the fish display a consecutive
series of convulsions which leads it gradually to the positive pole.

(c) The lateral line is severed with a scalpel and the fish is again
subjected to the electric current. At the required setting of the
potentiometer the fish moves toward the anode.

(d) The spinal cord is destroyed by pithing and the fish subsequently
exposed to the electric current. After this treatment no movement to

the anode occurs.

All operations are performed under narcosis (urethane). Reactions
for each treatment are compared and the corresponding current densities
are recorded.

Scheminsky determined the stage in embryonal development of trout
at which galvanotaxis first occurred. While no such response was
displayed at 28 days, convulsions were observed when the current was

turned off and on. Embryos, 35 days, however, did display a defini te
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galvanotaxis.

2.9 Repelling and Blocking Action of the Electric Current.

The electric current exerts not only a narcotizing and attractive
influence, but also may repel fish.

The repelling effect occurs:

1. In the vicinity of the cathode and at the fringes of the
field when pulsed current is used.

2. When pulsed current is used.

(a) i.e. a certain pulse form (Fig. 27)

(b) in the application of a pulse duration which is shorter
than that necessary to elicit electrotaxis.

(c) when the frequency of pulses used is less than the normal
threshold required for catching fish - for example in
trout 50 pulses per second are necessary to catch the fish
but only 30-50 per minute to repel them. For some other
common species the figures are: carp 30-40 per second
(catching) 20 per minute (repulsion); eel 30-40 per second
(catching) 15 per minute (repulsion).

The repelling, or, in other words the blocking effect may be
explained in the following manner:

The current density in the periphery of the direct current field
lies below that required for galvanotaxis or galvanonarcosis. The fish
in this region "taps off'*a voltage which is below the body voltage
necessary for both of these. When pulsed current is used and the pulse
duration is shorter than that required to elicit the directed movement
of the fish the fish are not attracted to the anode. The fish perceives the
electrical stimulus and withdraws from the influence of the electric

field. If the pulse frequency is less than that utilized in catching,

the fish, after it has sensed the first single pulse with the aid of

* "taps off" is jargon used in electronics where it refers to the
voltage delivered by a variable resistor.
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its nervous system and responded by turning toward the anode, has time

to swim out of the effective field during the interval between pulses.

2.10 Influence of Electrical Field on Fish in Seawater

Fish may also be influenced by electrical field in the ocean.
While the reactions are the same as those in freshwater the body
voltage is greater. This is a consequence of the conductivity of the
fish being®less than the surrounding water. The fish compresses the
surrounding equipotential lines and, as a result the current density
in its immediate vicinity is greater than that of the surrounding water.
The fish '"taps off" a higher voltage than that corresponding to its
length and the average current density corresponds to that shown in
figure 28.

The relationship existing when the fish is surrounded by an
equivalent solution (specific conductivity of fish and solution are
the same) and that where the solution conductivity is less is shown
in figures 29 and 30;///

Seawater on the average is about 500 times more conductive than
freshwater. This means that when direct current and the appropriate
electrodes are used in the ocean a field strength 500 times as great
is necessary to maintain the desired field. When pulsed current is
utilized, however, the situation is not as unfavourable. Marine fish
because of their size tap off a large voltage and the low resistivity
of seawater make possible, with special electrodes the application of

pulses of short duration - an arrangement which saves considerable power.

Figures 28, 29, 30: The passage of lines of current in the vicinity of
fish in seawater, (Fig.28) the equivalent solution
(Fig.29) and in freshwater (Fig.30) (after Cattley)
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In order that an effective catching effect exists at a distance

of R from the electrode the current density must be such that the body

voltage for electrotaxis (G) for a fish of body length (G) is produced.

The current (I).in the immediate vicinity of the fish may be calculated

from fish length L, body voltage G and the specific resistance of the

water so that the fish will display the desired reactions. A simple

algebraic formula derived from the expression for the area of a sphere

has been developped by C. Kreutzer for fish in seawater.



The propagation of the current is in the form of a sphere in both salt

and freshwater.

Figure 31. The formula which can be used to calculate the effective zone

of electrofishing in sea water (from Kreutzer)
R = = l.L.Kl

G.4. YT

where R is the effective zone ( distance from the electrode in m.)

current density in the water (amperes)
length of the fish in m.

body voltage in volts

N & o H

specific resistance of seawater (0.3 ohms . m)

Because of the high conductivity of seawater it is not possible to
work with alternating or direct current in this medium. It would be
necessary to have an electrical power of about 10,000 kw to catch
herring in a '"shocking region" consisting of a sphere. (Fig.31) One must
use, in such a situation, pulses of short duration (similar to the
technique employed to electric fishes.) Leduc in his time employed square
wave pulses at a frequency of 100 per second. Each pulse lasted one
millisecond and was followed by a pause of nine milliseconds. If the body
voltage is determined using this kind of current the value obtained to
elicit a response is essentially lower than that corresponding to simple
direct current. The peak voltage however of this current is 1.5 to 2.5
as high as that required with pure direct current.

Devices to generate square wave pulses are not commercially available
and it is necessary to utilize gear in which condensor discharges are
produced. The impulses are controlled by transistors and thyristors.
Condensor discharges consisting of a sudden increase in voltage followed

by a gradual decay are especially very physiologically effective for fish.
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2.1.1 Threshold pulse frequencies of fish

A measure of the efficiency of a pulsed current is the number of
pulses produced per unit time. The minimum pulse frequencies necessary
to supply the minimum current to stun freshwater and marine fish depends
not only on the species but also on the size of the fish.

Although pulse frequencies greater than the minimum frequency for

stunning can immobilize fish in a region surrounding the anode, frequencies

less than the threshold influence fish within an area 20% greater—These— (an
to [, ot
fish swim g fid are stunned in the immediate vicinity of the anode.

At these low frequencies the electrical current is about one half less
than that delivered at the optimum frequency.

This fact is significant for electrofishing. Because of the great
variability in the responses of various species to different frequencies
and the existence of a threshold frequency it is theoretically possible to

selectively fish on the basis of species and size.

In practice, by setting the corresponding pulse frequency you can
selectively fish not only a certain species but also a given size range
in this species. Such electro-fishing gear is effective provided that,
in addition to the pulse duration, the frequency can be smoothly and
continuously varied. It has been demonstrated that at a given frequency
all fish species and size show a good response (electro-taxis). Selectivity
is achieved only when the desired species or size can be removed from the
water. As a consequence the gear is uncomplicated for the fisherman to
use sincéqthe small, battery operated devices the pulse duration may be
simply set. In large electrofishing gear the pulse duration is itself
affected by the resistivity of the water.

The fact that the threshold stunning frequency is dependent on the
size of the animal may be explained in the following manner: (Fig.32).
Each individual pulse elicits a convulsion in the muscles. If the pulse
which follows arrives before the mechanical movement caused by the first
has been completed the muscle is continually stimulated and maintained

in a state of cramp.

~Ce
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Table 5 Threshold stunning frequencies for some freshwater fishes.

Water temperature 15@0 °C

Name of the fish and Voltage required for
electronarcosis of

single pulses volts

Threshold stunning freq.

average length in cm (Condensor discharge of
form D.)

according to Halsband (determined in an experimental bath 35 x 22 x 22 cm.)

Fig. 32. Relationship between electrical stimulation and mechanical movement

for small (A) and large (B) fish. (From Kreutzer: explanation in text).

Table 6: Threshold stunning frequencies for some marine fishes.
Water temperature 158 °C
(determined in the same bath as in Table 5)

Species and average Voltage required for Threshold

weight. electronarcosis stunning
(single pulses)

frequency

Muscle movement in large fish is slower than those in small since a
large muscle mass must be set in motion. Also in large fish a less rapid
sequence of impulses is necessary than that required to elicit a cramp
in small‘fish. If the impulses are not supplied at or beyond the threshold
stunning frequency, then voltage and amperes must be increased in order to
attain the desired effect.

Small fish may also be electrically stunned with low frequency pulses.
The pulse duration, however, must be longer and the voltage higher. This
would appear to be a step in the wrong direction away from the minimum
expenditure of energy which achieves the required response.

In the experiment which follows the method of determining the threshold
stunning voltage in fish is illustrated.

The fish is placed in an aquarium of which the two ends are covered
with two congruent electrodes. Electrical current consisting of pulses
entering at a rate between O and 150 times per second and which can be
continuously varied from O to 150 times per second, is applied. The pulsed
current may be produced by a simple interruptor of the type developed by
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also serve to produce pulses of the shape resulting from condensor discharges

(Figs. 33 and 34).

Direct current from a battery is applied via two terminals to a switch

=

LeDuc. (Fig.10). Such an apparatus delivers square waves. Condensors can

(S) the axis of which is driven by a motor (M) supplied with current from
4R

the same bat .. The speed of rotation of the motor is controlled by a

potentiometer. A number of condensors are charged in parallel across the

switch and discharged in series. By this means the charges of the individual

condensors can be added together so that, from a two volt battery twelve

volts can be built up. The output may be changed by altering the number of

condensors. By changing speed of rotation of the motor it is possible to

-
vary the number of condens;t discharges per second and accordingly the pulse rate.

The switch employed in the experiment desc?ﬁggd consists of a rotable
round axis which comes in contact with a brush for charging the condensor

and with a separate brush for discharging. When the axis is rotated the

outside makef contact (K) alée—bbre

X which are o'm(—-crmr'l‘<o( '

(R, Erusnts (735)

é)vl—« .l‘.ﬁCS

P rolatin

/
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Figs. 33 and 34 show how the switch works. The position of the switch
is shown as the condensors are being discharged. All the condensors are in
parallel. " The contacts (K) are touching positive and negative conducting
tracks (St) of the axis which, in this position is supplied by the battery.
After all ef—she condensors have been &%scharged the contacts separate from
the conducting é:::ﬁ:-and after a brief interruption come in contact with
another set of tracks on the axis (Br).

2.1.2 The relationship between the intensity and the time of application

of an electrical stimulus.

In order to elicit a response in an isolated nerve the current must
not only be of a minimum strength but also of a minimum duration. The
minimum current intensity required to evoke a response is known as the
rheobase and the minimum time over which it must act is called the useful
time. The useful time is a characteristic measure for all exictable objects.
The concept "useful time" implies that only a small segment of the time
over which a stimulus acts is utilized and further exposure produces no
additional effect. If electrical energy is to be comserved in electrofishing
and the most efficient technique practised, then the length of this time
segment must be determined for each species of fish.

In neurophysiology-chronaxie, the concept coined by Lapique, is double
the E%%obase. For every current intensity (or voltage) there is a minimum
time of application necessary to elicit a response. When these two values
are plotted against each other a curve is obtained which approximates a
hyperbola. (Fig.35). It may be deduced from this curve that the required
voltage becomes less with increasing time of application until a certain
threshold value is reached at which there is no change in voltage as the
time is increased. The so-called stimulation time-voltage curve continues
linearly beyond a certain point. The most economical input of energy occurs
at the bend (or elbow) of the hyperbola. At this point the relationship between
voltage and corresponding stimulation time is most favourable in producing
an electrical stimulus. This value is analogous to chronaxie.

From a biological standpoint, chronaxie is considered to be the most

economical stimulus.

Fie. 35 Stimulation time-voltage curve for an isolated nerve according to
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The following experiment explains the relationship between intensity

and the duration of an electrical stimulus.

////' A fish is placed in a rectangular aquarium and pulsed currents are

applied to the electrodes which cover the broad sides. The electrical
impulses are generated by means of a thyratron stimulator. A thy;:iron

has the property to conduct current only when the voltage attains a certain
value (ignition voltage). If a thngfron is connected in parallel to a
condensor and..a voltage is applied which eﬁgsfds the ignition voltage,

the condensor discharges at a certain rate dpégnding upon its resistance

and capacity.

Fig. 37. Schematic diagram of a thyratron stimulator (from Halsband
and Ploeger)

As soon as its voltage reaches the ignition voltage of the thyratron
the condensor is short circuited and discharged. The discharge proceeds
only to that voltage at which the thyratron ceases to conduct current;
the condensor begins to become recharged. The process is repeated with
the voltage in the system fluctuating between ignition and discharge
voltages of the thyratron. Frequency of the cycle depends on the time
constant of the system as well as the ignition and discharge voltage, which
is dependent from the resistance and the capacity.

The thyratron stimulator used in the experiment can also be connected
to the house current which must first pass through a rectifier. Several
condensors are wired in parallel to the thyratrons and these may be activated
at will through a multi-poled switch. The discharge circuit includes a
protective resistance as well as a rheostaf. A step—up transformer serves
to increase the voltage of the pulses generated. A potentiometer connected
between the transformer and the object to be stimulated allows precise
regulation of the stimulus voltage. Frequency can be controlled approximately
by the choice of condensors or more finely through the potentiometer already
in the circuit. Pulse shapes can be traced on the screen of an oscilloscope.
Fig. 37 shows the schematic diagram.

The time constant of the pulse is calculated from the product of the
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"useful time" and chronaxie are closely related to the speed of
conduction of a nerve - the greater the speed the smailer is the useful
time (i.e. chronaxie). Under constant conditions the speed of nerve
conduction among individuals of an animal species is the same (i.e. species
- constant). It varies, however, with temperature in the same individual.
The fibres of various nerves in an animal, however, have different speeds
of conduction and chronaxies which according to Lapique and Legendre depends
on the diameter of the fibre.

Research of C. Kreutzer and E. Halsband indicates that relations
derived from a single nerve may be applied to the whole animal. Experiments
using pulsed current show that the shorter the pulse duration the higher is
the voltage required to elicit a response. E. Halsband plotted voltages and
"useful times" from experiments. Using carp and trout curves were obtained

resembling the well known curve of neurophysiology. (See fig. 36).

Fig. 36. Stimulation time-voltage curve obtained using Salmo gairdneri

(from Halsband) G = Base voltage; Lm = minimum power;
Et = electrotaxis; En = electronarcosis; Volt/cm voltage per cm;

R L0 37 time of a condensor discharge
B. < o3FD

In general, times and voltages in the whole animal do not agree with
those obtained with an isolated merve. A point of minimum energy use was
obtained. This point, unlike that of the curve resulting from an isolated
nerve lies, not at the exact corner of the hyperbola, but slightly above
on the ascending limb. The points of the most efficient use of energy
should be determined for each species in order to conduct electrofishing
operations most economically (especially in the ocean).

According to these studies the half time values of a single pulse
(condensor discharge) should not fall below 1 millisecond. Recent experiments
of C. Kreutzer, Kuroki and Halsband show, however, that this duration can
be shorter. For example 0.2 - 0.3 milliseconds are adequate for a trout.
The half time value is the average time over which the current is applied
or time constant for a discharging condensor. This is equivalent to the

pulse duration of rectangular pulses multiplied by 0.37.
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capacitance uF and total resistance of the circuit MQ, i.e. s(secs)=C.R.
The number of pulses per second may be measured by a frequency meter and is
adjusted to 50 pulses per second. Voltages across the condensor during
the experiment are measured and are given as the so-called field strength
in volts per cm.

For a maximum half-value time (impulse of 2ms. duration) that threshold

voltage which evokes a convulsion in the animal is determined -~ a value

corresponding to the basic voltage. TFhematthis voltage condensors are
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When fish are acclimated to a solution (MgClZ, salt mixture) of
substances which depresses metabolism, threshold values for the first
reaction and galvanotaxis are significantly increased. The current density,
however, required for.galvanonarcosis is decreased. If the level of metabolism
of the trout 1is increased, (by KCl) thresholds which elicit the first two
reactions are decreased. A higher threshold is necessary to induce

narcosis. Active fish having a higher metabolic rate are therefore easier

to stimulate by electricity than less active individuals having a lower

metabolic rate. They display, on the other hand, a greater resistance to

narcosis than the latter. There is a differential threshold of narcosis -

fish having a high metabolic rate display a higher threshold than those of
a lower rate (Figs. 39, 40).

Fig. 39 Thresholds of narcosis for trout having different metabolic rates
(explanation in text according to Halsband)

ceptiovms+— trout acclimated to a salt mixture
~ normal trout
- trout acclimated to a 400 mg/litre KCI

5‘; current density

The physiological condition of a fish is therefore very important in
determining its reaction to the electric current.

The influence of the intensity of metabolism on the response to
electrical currents is illustrated by the following experiment.

For this experiment the following are required:

1. An aquarium with well-aerated water.

2. An aquarium containing a solution,/}MgClz‘GHZO (20'103 mg/1.)

3. An aquarium containing a KCl solution (400 mg/l.)

Two experimental fish are placed in each aquarium for 36 hours for
acclimation. After this the fish are tested in an aquarium having two
electrodes congruent to the ends and filled three quarters full with normal
water. (See Fig. 20 for the electrical circuit.) Water temperatures must
be kept constant. Fish are allowed several minutes in the aquarium to
become calm and the electrical current applied. (See the experiment on

page 51).
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A comparison of the threshold currents required to elicit the individual

reactions (first reaction, electrotaxis and electronarcosis) of various
acclimated fish is shown. (See also Fig. 40).

Fig. 40 The threshold for narcosis for trout and carp (from E. Halsband,

explanation in the test). Current densities in 8.

2.1.4 Uptake and distribution of electric current in the body of

an animal in relation to the resistance of the organism.

It has already been shown on page 69 that only a certain proportion
of the current flowing through water (dependant upon conductivity as it
controls current density) flows through the body of a fish and only this is
available to provide stimulation. When conductivity of fish and water are
identical, the fish is in an "equivalent bath' and lines of current flow,
without bending, through the fishes' body. In such an instance, the
stimulatory effect is small. When conductivity of surrounding water is
less than the fishes' body, as it is in freshwater, the great proportion
of current lines flow through the fish since it is more conductive than the
water. In this case the stimulatory effect is great. In sea water which
is more conductive than the fish, only a small portion of the lines of
current pass through the fish, the greater amount flowing through the
surrounding water, i.e., the lines pass around the fish. In this situation
stimulation is small. This fact is very important in electrofishing since
it explains why fish are more difficult to stimulate in sea water than in
freshwater.

In general the catching effectiveness is greater in water when the
electric current flows through a large school since the school, so to say,
acts like a large conductive body tapping off a high voltage.

The difference f;;t the passage of current through the fish body in
sea -~ and freshwater has been demonstrated in experiments conducted by
Scheminzky, working in 1932 on Chinese mitten crabs. In fresh water 81%
of the total current flows through the crabs, whereas in seawater the
proportion is only 1%.

In order to elicit a desired reaction (i.e. electrotaxis) in the

fishes' body, a certain current density is required. This is smaller

_—
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under the same conditions in the equivalent bath than in freshwater and
greater than that in seawatff&u"?EE;PrOqugﬁgp of current divert%§4£?;?
the fishes body in seawater,(ffaéhwaterfﬁﬁa“fﬁé equivalent bath ame—388%,
5%—and-30L respectively.—

The resistance encountered by the electrical current in the fishes
body is dependent not only upon the conductivity of the external medium,
but also upon the size of the fish, the nature of the surface and the
consistency of the body. The current density in the body ;géreases with
the dimensions of the experimental bath. Under similar conditions the
current density in the body of a fish of large surface area is essentially
greater than that of a fish having a smaller surface area. Therefore, to
elicit a certain effect in a fish of a small surface a correspondingly
higher current density must be applied. The condition of the skin in
general depresses the internal current density in the body and this is in
proportion to the resistivity of the body covering. Trout for example,
which have a slimy coating and a thin coat of scales requife much less
current than Thunas which have a thick body covering.

Not only is the surface of the fisﬁa}EBQFEaﬁt, but the maki—gp of the
body consisting of various cell types cerilage and bone which offer
different resistances. In electrofishing we are interested not only in the
resistivity of body parts but of the whole body.

Several methods to measure resistivity are available. Two probes
may be inserted into the fish, and the fish is placed on a Wheatstone bridge.
One must be careful whether the fish is in or out of water. The following
errors can arise in these methods:

When the conductivity of a marine fish is being determined, the moist
surface or the surrounding medium has a conductivity greater than the fishes
body. As a result, most of the current in seeking the path of least
resistance will travel predominantly over the surface and through the more
conductive medium; the total resistance measured will be substantially
changed. This plays no role when the fish is investigated in the equivalent
bath, since line currents pass directly through the fish without being
warped by the surrounding solution. When measured out of water, air errors

may arise more or less by varying degrees of moistness of the skin.
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Fig. 41 Schematic diagram explaining how the mesitance of a fish is measured.
U = source of voltage 0.5 volts

V = voltmeter

fish tube with electrodes

= potentiometer

1 and Y2
- 1T

= i t an osci

“®tals

F
P
0 = oscilloscope with Y
M

conmnecbkiom [,

Halsband determined the resistance of fish using the arrangement shown
in Fig. 41, and in this arrangement, resistance was measured by comparing
a voltage drop - i.e., the resistance between the two electrodes determines
the drop in the applied voltage (0,5V), which is adjusted to the voltage drop
produced by the potentiometer. The resistance across the potentiometer is,
under these conditions, identical to that lying between the ﬁyo e%gssfagﬁil
Frequency of the alternating current uses changes between 50 z
No essential difference in resistance values is found when the two frequencies
are used.

Next the resistance between the two electrodes when the‘tube contains
fish and water is determined. Simultaneously, the increase in current
flowing through the tube containing water and fish is determined with an
oscilloscope at a constant voltage of 0.5 volts. This is compared with the
current intensity when the tube is filled with watér alone. Length, thickness
and breadth of the fish are then recorded.

The same determination of resistance and current are subsequently
carried on the experimental tube without the fish. The resistance of the
fish 1s calculated by the following means! The fish is assumed to be a
parallel elliptical body. The formula for the surface area of an ellipse

is E;D-B is adjusted accordingly for the shape of each species, and a

.factor computed based on the mean thickness and breadth. Conversion factors

are shown in the following table.

/
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Species Breadth (B) Thickness (D)
Trout 0.80 0.86
Bass 0.81 : 0.89
Carp 0.84 0.89
Redeye 0.82 0.87

The ascertained breadth and thickness of the fish are multiplied by
these constants before their insertion in the ellipse formula; the values
thus obtained are designated as FF (the surface area of the fish). The

water surface in contact with the electrodes - F__ - consists then, of the

W
total surface area of the electrodes rzn less F_,. The entire surface area

F
of the electrodes Fges. consists of the surface area of the fish and the
water boundary in contact with the electrode FW'
In calculating the resistance of the fish it is assumed that the total

. resistance lying between the electrodes (Rges) is made up of two parallel
resistances Rw + RF' We consider Rges. to consist of two branches of the

circuit the ends which have a voltage U.

X

EY

5 ' Fig. 42 Explanation in Text

A current Iges. flows into the junction point. and this is distributed in the
two branches as Iw and IF. (Fig. 42).
According to the first of Kirchoff's laws RW (a series of equations)
may be computed now from the length of the fish L (separation of the electrodes)
divided by the surface area of the water X, the specific resistance of the

water.
L
== .Q.W
RwaS
RF the resistance of the fishes body may be computed by re-arranging

the above formula accordingly;

r . Rges
} _Rges . RW 0 _ A
RW - Rges RF R RF Rw ~ Rges

. In order to calculate the specific resistance from the measured
“‘)r—[
resistance values, theé% values must be multiplied by a factor consisting of
the surface area of the fish (surface of the fish respectively the surface

area of the electrodes immersed in the water) divided by the separation
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(length of the fish and separation of the electrodes respectively).

It follows that:

S?W EH x measured resistance fish without
L

L]

EE x Ry (computed resistance of the fish)

L

ng

In determining the resistivity of fish muscle 0.5 cm thick sections
are removed from the dorsal musculature. The length of the strips should
be about 7 cm. To prevent the narrow strips from folding back on themselves
i.e., when pressed by the electrodes and, to also avoid the piece from
drying out during the determination, the strips are placed in a trough
made of paraffin which has a width of 5 cm and thick walls. The edges of
the trough are marked out in centimeters so that the length of the strip
can be recordgd. On the outer surfaces of the muscle strip, platinum
électrodes having a surface area of 0.5 cm2 are attached and resistance is
determined using the method described above.

The resistance determination is based again on measurements employing
comparative voltage drops. The resistance indicated by‘the potentiometer
is then identical to that of the muscle. The resistance may be measured

directly using a type of Wheatstone bridge and the resistance found multiplied
b Area of the electrodes
y Separation of the electrodes

to obtain the specific resistance!? (ro)
2.15 How the electrical influence of the field on the fish depends on

the conductivity of the water.

The effect of the electrical field is profoundly dependent upon the
conductivity of the surrounding water. Conductivity of natural water is
due to the ionization of the dissolved salts they contain (electrical
charged particles; see page 58). Conductivity depends on the concentration
of these ions as well as temperature — the higher the temperature and
concentration of ions is, greater than the conductivity.

The conductivity, or inversely resistivity of natural water can be
very variable. Distilled rainwater, for example, has a resistivity of
5x 107 ohms per cm. Spring water may have resistivities in the range

4 5 1 2 4
10" - 10° ohms cms., brook or river water - ' x 100 - 5 x 10" and polluted
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river waters 100 to 500 ohm cms. Sea or brackish water has a resistivity

of 1 to 10 ohm cms.

Table 7

Resistivities of various media (from results of Denzer, Halsband and
Hoesl).

1. distilled rainwater 2. precambrian rocks 3. rock salt, anhydrous

4. crystalline rocks 5. sandstone 6. water from various springs

7. water from various brooks and rivers 8. chalk, gypsum 9. slate

10. clay - sand 1l. 1loess - loam 12. biiumgggas coal 13. sandy eiay 4Dncs
14. sand, gravel and freshwater 15. sand, gravel with brackish water

16. sand gravel with seawater 17, clay 18. polluted river water

19. silt 20. salt water 21. steel.

The conductivity of our inland waters lies between 500 and 10,000 ohm
cm. There are waters, however, which are out of this range. Water, for
example, sampled from a moat near Wilhelmshaven had a resistivity of 41 ohm. cm.
This moat had no connection with the ocean but received its high concentration
of jons from salty groundwater.

Often the conductivity of natural waters has related to the landscape.
In northern Sweden water resistivities of 10-20,000 ohm c¢m. are found in
Switzerland 3000 - 12,500 ohm. em and in Holland even values of 25 ohm. cm.
This last value is a result of a proximity to the sea causing salty groundwater.
(Similar to the moat near Wilhemshaven).

Even in limited geographic areas ionic relations can change. Waters
of the swiss cantons - Wallis and Tessin are especially soft and have a
resistivity of 12,500 ohm. cm. Water in mid-Switzerland, in contrast (Lake
Geneva, Lake Zurich) has a resistivity of only 3000 ohm. cm. (Note: the

specific resistance (ohm x cm) is the resistance of a cube -(1 x 1 x 1 cm).

Table 8 Resistivity (Ohm. cm) of some foreign and german waters (from
results of various authors)

In the same body of water variations of conductivity may occur within

a short period of time due to pollution, temperature changes and the effects
OF thaw .am et rmben Lve cl-‘o‘usc,, 0.,{ C o omc~L-v.‘#7 o-¢
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The electrofisherman should realize that electric fields in waters lying
in geological formations of the first group remain essential within the
water itself. In waters of the second group the electrical field extends
partically into the bottom. The-electrieat—fietdimwaters—of-the-third —
group-is—more -or-less -equally distributed between both média. ™ The possibitities
of electroshocking are therefore much better in waters of the first group
than those of the second or even in those of the third. {P_squgry it may
be said, that to best influence fish with electricity a good to average
conductivity in conjunction with a poor conductivity of fﬁglbottom and
surrounding banks is required}’/

Water conductivity can be measured with an instrument manufactured

-fi fhing oesioc:@ Lon

by the cooperative electrofshing assecation in Hamburg working in conjunction
with the Institute for coastal and inland fisheries.

The Wawista apparatus (water resistance device) functions with transistors
based on the principle of the Wheatstone bridge. The measuring electrode
consists of 1 cm2 platinum plates separated from each other by a distance

of 1 cm. and which are imbedded in a plastic casing. Resistivities in the

range 0.1 to 100.000 ohm cm. can be measured."’;f’

2.1.6. Electrical resistivity of water is not always a measure of

electrofishing efficiency.

Lauer maintains that the customary method of determining water conductivity
is not necessary a reliable method of predicting electrofishing success.
Cases may occur - even if rare-in which fish cannot be caught even with a
3 KW device generating pulses. An example is the river Altmohl in Middle

Franconia (Bavaria) which has a resistivity of 1300 @ cm., and in which it
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is impossible to electrofish using anodic attraction. Similar observations
Lesre

may be made in the Amazon region and in the Belgian Brook - Lewse. This
qudf/ pi, n

brook has the same conductivity values as the Lutter and Huaﬂ&/khon. However,
Legce e e RN~ L L;—(
in contrast to poor fishing success in the Ekevre, these—stresms—yield—
e
an abundant fish harvest”when electrofished.
Within the various types of waters there are conductors of the first
and second class, in addition semi-conductors or disturbing conductors or
combination of all three geological types. While the first which contains

Qe
ions and cations are—impgeologival conductors, besides certain divisions

of the geological formations; in addition to Ohm's law other laws apply,
laws governing capacitance with the result that ordinary resistance bridges
are not applicable.
All portions of liquid, gaseous and solid components of mechanical
mixtures belong to geological conductors as well as gas bubbles mineral
bodies, associations of minerals which are colloidal suspensions, ground
- - »
sediments including layers. This capacitive resistance is a nonconductor f‘*
o Lecr oA gom olact o NG
. o . ~
of alternating current¢” The conductivity relation for any body of water ~
will be, moreover, quite complex when ions are absorbed on suspended solids -
when conducting ions are bound on carrying substances. In these cases the

water under these circumstances would be ion free since they are concentrated

on the suspended solids. As absorption media are the following: A1203,

5.0, Poyofrofe $:i ate,
CaC03(STUé as gel and polysiluric acid as sttgate. These take up

alkaline ionse hﬁmanic materials have other effects in which Ca and Mg ions

are bound. When this kind of absorbing material finds its way into water
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the ion content may be greatly impoverished-- a situation common in south

German waters (in Altmﬁhl). In this type of absorption normally clusters
of ions (polycations and polyanions) are often formed. In compené;g;:17
H' and OH ions are converted to neutral HZO' The water is)in a way,
desalinized. The speed of migration of the ions is';mall as a result of
the greater friction with water molecules and as a result normal direct
current is not sufficient and ohmic resistance is almost infinite. In
‘Pm-.c(—iaw
contrast the polyions fuetion/ﬁg condensor plates of opposing charge and
permit the formation of dielectric displacement currents. These appear to
be good conductors when measurieng bridges or energized by alternating

currents are used. The phenomenon of ion absorption can be a source of

error when conductivity is measured with conventional instruments. A

venmh
convetion measurement may indicate that conductivity is satisfactory for
‘e
electrofishing; Mo success results even when a 2 KW Mofix gear is utilized.

Chatk
No current flows through the water because of ion absorption on time and

Coabh'ng
humus particles. These function as condensorg ‘and respond only to alternating

w“\-; Qqliv enl [ (,"“JL
and pulsed current, /Tn these water you cannot anodically fish but pulsed

gear must be used which does not produce the desired result in each case.
The chemical c0mp62§£ga-of the water (S80) can alter the intensity of
metabolism of a fish and accordinlgy its behaviour in the electric field.
Often it is observed for example, that a high concentration of potassium
ion no anodic effect can be elicited even at the customary voltage and current
density. In agreement with this phenomenon is the fact that potassium ion
greatly increases the intensity of metabolism and the fish flees the electric

field. Conversely the presence of such ions as magnesium or other ions which

depress metabolism can enhance the efficiency of catching with the result that
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the fish saccumbs 4o narcosis at low current densities. Condf%tivity of
+‘rh.‘h‘
] waters, it may be seen/effects electrofsiring in a variety of ways.

3. Are animals injured when an electric field flows through water?

y ¢73
Often the opinion is given that fish exposed to an electric current

undergo injuries, growth inhibition and other harmful effects. Frequently,

the view is held that fish eggs, larvae, and prey animals undergo permanent

damage. Both view points are erroneous when the results of numerous experi-

ments are considered. At any rate these findings apply to the type of currents

used in electrofishing.
The physiological basis of the harmlessness of the electrical current
’ is outlined on page 56. We may draw the following conclusion, the electric
) current evokes significant change in the metabolism of fish and other
aquatic animals. Alternating current exerts the greatest effect, direct
current a lesser effect and least in pulsed current, all these processes
are reversible. After application of alternating current normal metabolism
returns after 120 minutes (Fig.s 22 to 24).
Even Denzer investigated the question of the harmful effects of the
electric current and he worked with current intensities far above those
used in electrofishing operations in inland waters of normal conductivity.
He found that no damage is inflicted on fish when direct current is used,

but there is considerable risk when alternating current is utilized.

Denzer in his experiments used small aquaria (33.7 cm long, 21.5 cm
breadth and a water depth of 6.5 cm) which at waterltuaréJu‘lqu ot
' . ? -40 " C %t. d)avc (Drcmru D‘-“-d Y- bow \Lv*OM"\f
sensiter® .
CC\fy(ar lev ches , YouictheJS aw A Vhe L~‘-1-J N PRV Ca"‘-&-f‘}'c(%a
/
O e 0-"4‘-’ e oke - Do b e Qc/ua..'um; allreclt Cinreewls
A Gy L&‘,{w R A4 a C ey wn b OQL(J% v 1 X’ 71{‘
2 . 1 . e sy - Y 1 S rsr s o @
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T tested/consecutively at-8<10C, nbow tzzgii/gafﬁ’ -
el ggI//ishb/giﬁﬁows aﬁd’the v sensit sculpiﬁ’zE;t gobfg;//

ct current Z&applieg for several minutes to the container

A corr Bpondin to a current ensity/Gf 4. 3BY//'The current was five

Molwquiredﬁ eW taxis~A&l 1 the-sbove £1sh—
Only two fish required more than three minutes to revive from

the narcosis and the others had recovered within one minute to the extent that

no difference in their swimming movemengs could be detectedde’/

For the current density of about 4g cited above, 4A of durrent pass
through a cross-section of one square ceimetre and this in practice
corresponds to the field between two electrodes whith a voltage of 651
volts across a separﬁ&%gp of one metre. 1If you consider a typical electro-
fishing device whe¥€”§~3/kw are available and the electrodes are 1 m. apart
then it is evident that no harm can come to the fish. In the aquarium
unlike the operational situation the fish have no means of fleeing the field
and the current was fully applied for one minute. Fish at the electrofishing
site are able to escape the influence of the electric field.

Experiments conducted in our institute on various fish species show
that with the ordinary, commercially available electrofishing gear producing
typical voltages and current densities also reveal no harmful effects.

This, it must be emphasized, applies only to direct and pulsed current, not
alternating current. In this latter type of current the anodic and escape
reaction are obliterated by oscillotaxis — i.e. the fish loses its freedom
of movement very quickly and becomes narcolized either in the vicinity of
the electrodes or in contact with them. Here they are either killed or
receive internal injuries.. All this happens at currents half that of the
direct current fields mentioned above.

Under consideration for various electrofishing installations in freshwater
are the experience and experiments gained using 750 volts direct current and
1000 volts peak value for pulsed currents. With the exception of alternating
currents no harmful effects are to be anticipated. In very few cases - for
example when the water is very conductive and direct current is used - it
can happen that fish which come into direct contact with an electrode suffer
internal and external injuries.

Such fish as a rule.display vertical dark stripes over their body caused
by the breaking of bloodvessels beneath the epidermis. In mitten crabs the
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muscles of the unprotected leg joint are usually broken which results in

the animal losing its leg. Other invisible damages may occur which can

lead to its death. The muscle contraction can also cause dislocations and
fractures of the vertibral column in fish as well as destroying vital organs.
These kinds of damage occur only when direct current energized electrodes are
kept for a long time in the middle of a school of fish. When pulsed current
is used no damage is experienced even when the current is applied for a
considerable time (i.e. up to 60 seconds).

Also in permanent installations - up to 10000 volts - no damage to fish
will occur. In contrast to fish who respond to an anodic effect, fish which
are repelled do not come into close contact with the electrodes since the
nature of the electrode arrangement provides a repelling peripheral field.

That the current flow does not cause any stunting of growth or loss of
weight is illustrated by an experiment of Kreutzer and Meyer Waarden in 1952.
Carp, in their second summer were placed at the beginning of March in wooden
"live boxes" (112cm x 53cm x 3‘;?. The sides of the boxes, made of perforated
lead served as electrodes which lay parallel to each other and provided a
homogeneous electric field. This was important to ensure that the fish were
subjected to a uniform electric field so that all experiments were comparable.
The ensure that the same voltage was 'tapped off' by the bodies of the fish,
animals of the same size were used (25-30cm). Experiments were conducted with
50 cycle A-G, sure D.C. and pulsed D.C. The exposure to these was varied as

summarized below:

1. Experiment 50 cycle A.C. - 140mA for 10 seconds
2. Experiment 50 cycle A.C. - 140mA for 20 seconds
3. Experiment 50 cycle A.C. - 80mA for 30 seconds

4, Pure D.C. 300mA for 10 seconds
5. Pure D.C. 300mA for 20 seconds
pulsed D.C. 65mA for 10 seconds
7. pulsed D.C. 65mA for 20 seconds
pulsed D.C. 65mA for 60 seconds

In order to produce narcosis in the fish almost immediately the current
density necessary to elicit this state in a carp of the same size was
determined at the beginning of each experiment. Fish were tagged at the end
of the test and reared into a pond containing carp which had not been handled.
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They were kept with these until the aubumn harvest and the end of 1952 -

i.e. until the end of the growing period.

The following table summarizes the results:

Experiment N mean length cm. mean length g.

Exposed to the electric current
10000000000000008

Not exposed to the electric current

From these results I conclude that:
1. the carp with respect of their ability to survive were not affected.
The loss of the electrically treated fish was the same as the control fish -

10%. This may have been caused by lagging—mertatity— cuarlfiu7

2. gi&%fiii%uxg growth in both groups was approximately the same. Even
for carp exposed for one half hour there was no difference in growth or
survival between the two groups.

Recently it has been assumed that aquatic animals exposed to a
prolonged electric current can acclimate or adjust to %od¢*ﬁf’already
mentioned the proportion of fish frightened at a fish larver after one year
in service is still 90% - evidence that fish do not adjust to the field if it
is assumed that they avoid the field because of their experience in its fringe.
Possibly the fish do have a considerable ability to remember.

Spawners, spawning product (milt and eggs) as well as larvae show no
harm when exposed to the electric current provided that the field gradient
is typical and contact with the anode is avoided. TFertilized and unfertilized
eggs coming in contact with the anode produce a denaturation of globulin,
as shown by a softening or cloudy appearance. (Scheminzky and Hauster 1924).
Fe. and Fr. Scheminzky found that a minimum current density of 1.348 (8§ = 10_6A
per mmz) at a water conductivicy of 2 x 11_0_4 Ohm x cm-1 was the threshold at
which the globulin denaturation occurs. The person who first attempted to solve
this problem under experimental conditions which occur in practical electro-
fishing was Riedel. He used for alternating current continuous and uninterrupted
direct current. Leduc's current was generated by manually making and breaking
the current - two seconds on and theee seconds off. Alternating current was

supplied from the mains and direct current from electrofishing gear.
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Experiments were conducted in an experimental vessel designed for this purpose.

&0

Current densities occurring under field conditions were produced in this vessel.

//’ 300 volIts to-—ground—wereused. The effect of direct, alternating and pulsed
e ;;v currents on fertilized and unfertilized eggs were studied as well these effects
celbe on the sperqﬂand fry of pike, roach, bleak and rudd. 1In the investigations
used Gw on eggs 20 eggs were placed in the experimental chamber. Riedel made the

prack el agsumption that the number of eggs played nmo role since according to Hofer

Heclrr -~ . . not im Flucnceof
y a body with a membrane is ealy imvolved. The current was turned on the average
r'u-\ 'v-( '

v reeluceot

.o Hbe
ea of 1. Spawning fish of the above species were exposed to the electric current

between 20 and 30 seconds - i.e. an interval similar to that prevailing in

practical electrofishing. Below are the results.

Ao before spawning and fertilized thereafter. The fry which hatched were
RPNV Y~ S
“unguh.— normal in number and every other respect.

v 2. Eggs exposed to the electric current before fertilization had the same

hatching 5uccess as untreated eggs.
(. 3. Fertilized eggs exposed five days after fertilizatiom has the same
) hatching success as untreated.
4. Sperm, exposed for 30 seconds displayed no differences in quality
compared to normal sperm. ditferene e
5. During embryonic period exposed embryos. showed no departure-from
normal development. The behaviour of the fry was also normal.
The problem of injury to the living organisms eaten by fish has been
598 addressed by Riedel and Denzer. Both came to the conclusion that with
the exception of a few insect larva (Agrion), there was no damage provided
that voltages greater than those occurring in practice (stated above) were
not used. Riedel developed a means of transforming values of voltage
gradients around electrofishing devices into those produced in the laboratory.
Cathode: 100 x 100 em; anode: 40 x 40 cm; voltage between the electrodes
300V; Current at a specific resistance of 3053 ohm. centimeters at 12°C; 104;
separation of the electrodes 1000 cm.
These electrical data correspond to my own observations, obtained during

four months' experience with 4 kilowatt, direct current equipment. Current

‘

density at the anode was calculated to be 10-6A per mmz. Area of anode
400 x 400 mm. = 1 000mm2, current‘ strength in 107% A = 10 mi11. 107, § = 10 m 1.
mi : 160000 = 56 5110 A per mm ) Egr electrodes facing each other and

parallel. The maximum value of 56f éas measured only in the immediate
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vicinity of the electrodes. The current density decreeged quickly, for
gieolel

only 15 cm away from the electrode it fell to 108. Reidel conducted his

experiments in a glass trough of dimension ; 40 x 60 x 15mm.  Tin foil

fixed to the ends served as electrodes. At a water level of 10mm

corresponding to a volume of 24 cm3, the voltage was 52 regulated that 18. 9‘ mE

war
were recorded; water temperature 12C: yoltage between electrodes/§6V;

specific resistance 3040 ohm cm. The voltage value correspond:& therefore
to that prevailing in a field test for probes separated by 6 cm. Before
each experiment the experimental vessel was filled with 23 cms'of water to
which /,g% of plankfon ‘rich lakewater was added. The following animals
were tested: mostly cladocera and some copepoda; also animals that

fish feed on from the littoral region (mussels, snails, isopods and insect

larvae). Exposure time: (only direct current was used) 20 seconds.

The exposed animals were observed for about four days after the experiment.

gl
At the international electrofishing congress of the FAO p¥ Poland
(Sept./Oct. 1969) several types of gear from various countries were tested
for their ability to harm fish. All were pulsed current devices. Harmful

effects investigated were fatique and mortality. Small cages were

constructed in which the fish were placed. (Fig.43). They were 40 x l&Ocm‘Ja ! 1Lsh

n orXer

in size. A movable partition was placed in the middle of the cage\ Fishr

in the front compartment were close to the electrcde. The cage was fastened

to a measuring stick.

Fig. 43 For an explanation, see text. (Photo: Archiv.)
Test animals were rainbow trouts of the following sizes:
1. 5-10cm. 2. 10-15cm. 3. 15-20cm. 4. 20-25cm.
5. 25-30cm.

The test was conducted in the following way and may be adapted to any
electrofishing gear.
The positive electrode of the electrofishing gear is placed directly

in front of the cage and the corresponding cathode is fastemed behind the cage.

This arrangement ensures that the fish lies directly in the electric field.

Fish of a given size range are placed in the cage and, using the movable

partition are directed so that they are in front of the anode. If the gear

being tested has a high and low voltage range, the highest possible range is
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used. The experimental fish are exposed to the electric field for the

following times:

1. 15 seconds 2. 30 seconds 3. 45 seconds 4. 60 seconds

After this exposure the current is turned off and the time following
narcosis for the fish to recover is measured with a stop watch. If the
electrofishing gear is functioning-well the "recovery time'", even when
exposed for 60 seconds is no longer than 20 seconds.

If direct current gear is tested it will be found that the time to
recover is essentially increased i.e. fish treated in the manner described
above for 60 seconds require often minutes before recovering. With direct
current gear some fish may even be killed when exposed for more than 30
seconds.

When the results of all these experiments are summarized it is concluded
that, under the normal conditions of electrofishing in inland water, no
damage is inflicted on either fish, larvae or sex products; nor is the food
upon which fish feed harmed. Even at peak voltages of 10000 volts in
fixed installation no damage has been recorded.

4. _Learning and ability to remember in fish exposed to electrical fields.

Stimuli are received by the sense organs of an animal and the nerve
impulse generated pass along sensory nerves to the central nervous system.
In response to the stimuli impulses pass along motor nerves to effector
organs.

This sequence of events: stimulation of receptors - coudﬁction of
impulses to a nerve centre - conduction of the impulse to the effector -
the reaction of the effector - is known as a reflex. Between these two,

tire processes back the interior of the organism and the environment is the
Co.n\'n I' cate

directed activity of nerves. This involves very dewvelepedy—piclonged-

metabolic processes in which excitation of the nerve bodies leave traces of
substances (engram) behind which are again dissipated after a short or long
time.

If at the same time or shortly before or after the original stimulus,
an additional stimu%gixgsignal stimulus) acts upon the animaf?ﬁE%J%%§f§§Fi:‘
Is—aisoJeft-—behind. «bf these simultaneous (or nearly so) stimuli are
repeatedly presented, it may happen that the engram of the original and Kec

signal stimulus will be combined. ¥t——Tan now -be observed-that the response

elicited by the original stimulus will occur when the signal stimulus
oh.;.'uh{ Ou. o/ J'-fhp.’ Sl sun tiad CCnn «c.‘(p..l L‘ pa J Caang W O
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“e—presented.- -The—animal now-behaves as 1T 6nly the original stimulus was

received. This process is called 'association' and the treatment of the

3

animal is known as conditioning (dressage).

The—original - and signal stimulus may be of the same modality or they

5101 also. may be different. For example a fish might be subjected to an original

optical stimulus (size shape) of a piecé of food which causes it to swim
around attempting to bite it. In this example the signal stimulus consists
of colour or the brightness of the food. The trained fish behaves in such a
case in response to the signal stimulus as if it were the original stimulus;
i.e. it will react to an object of the same colour and intensity, and will
swim around it, snapping, without the original stimulus of size and shape
being present. '

If the original stimulus is of chemical nature, however, i.e. taste of
the food particle, and the signal stimulus is acoustical (a bell rung) the

' Q—-—w fish will swim towards the accustomed feeding place in the aquariums=$be o fliv  ohen [

) feeheed’.not—be—present—r--(l'l’avlov s dog"). ’(—o ol L, 5
nNoe rocg
P Iq1training experiments 'wrong' behaviour in solving the problem is et r ‘

WUk L he

’pnhIiEned and 'right' behaviour is rewarded until the animal learns to avoid
the wrong and to seek the right behaviour. With fish éeceiving food is the
reward. If the fish displays the desired behaviour it is given a piece of food.
Punishment consists of mechanical or electrical shocks. Electric shocks
are pet a negative experience for the fish in every case which it seeks to
avoid. If the pulses of direct current are applied at a certain frequency

the fish will be drawn to the anode and will be unable to withdraw from the
electrical source. (page 71).

How long the fish remembers an electric shock may be expressed in
other words. How long the engram is dissipated from the nerve cells has not
yet been thoroughly investigated. HERTER did not find any exact estimate
of the duration of this memory. Some of the unpublished observations of
KREUTZER may shed some light. With his permission, they are presented here:
In a river near Falkenberg (Sweden) a canal 1m wide, 1lm deep, an electric
' ba‘;f,.iﬁf ﬁ::t{:?nding some 30m in the direction of the flow was tested. Fifty

"weibefische" were planted in this stretch and after a time to recover forced
to swim into the electric screen. No fish swam upstream through the
electrical barrier. All turned around in spite of the water turbulence and

‘ gathered downstream in the canal. The barrier was then turned off and the
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fish school again herded towards the barrier. At that place where the fish
had turned around because of the electric barrier, they reversed their
movement fleeing once more to the lower reaches of the canal. This occurred
even though the electric barrier was not turned on and they were threatened
with mechanical blows. An additional 50 'white fish' which had been captured
wtzz,the original graup but kept apart were reunited with the group, Fhey— «4&'cS
were distinguished by fin clipping. Both groups at once joined in a tight
school and they were again driven against the turned off barrier. The
'experienced' fish characterized by a nicked caudal fin turned around
immediately but the newcomers é#%%*beacefully through the electrode array.
The experiment was repeated with the same results. After 48 hours there

was no difference in the behaviour of the two groups - the experimental

group had forgotten about the presence of the barrier and the electrical
shocks it delivered.

In the example cited above the electric impulse would be the original
stimulus which elicited flight in the fish and which was associated with
an optical stimulus - the signal stimulus consisting of the pattern of
electrodes or other characteristics of the vicinity of the barrier. By
training, the fish avoided the barrier even when no electric field was
present«

When_barriers are set up in experimental tanks or in the field, the
-author has .observed. that fish schools which have recovered from an electric
shock assemble-a- certain- distance away from the electrical field because
they—have—learned to avoid the field. (Eﬁé time required to learn and forget is
not exactly known in fish. '

At Tish according to our Observations react to the electric field but it _
sometimes happens that-fish swim right through it.
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Chapter 4 /06 @

SOME APPLICATIONS OF ELECTROFISHING

1. Application of the anode effect of the electric currcnt in inland
waters.

The anode effect can be used in the management of fish stocks and,
on a limited scale, for commercial fishing. Such operations must be
confined to small bodies of water, i.e. small canals, ditches or shallow
streams which either can not be drained, or for other reasons, are
unsuitable for conventional fishing methods.

Operation of electrofishing gear in these types of water bodies for
the purposes outlined above offers many possibilities.

(a) Removal of fish from small brooks prior to the planting of trout
fingerlings

In practice the brook is fished out in order to eliminate predators
and competing species before restocking. Predatory species comprise all
large fish as, for example, trout and pike etc., which eat smaller fish and
fish fry comsequently threatening the stock of young planted fish. Competing
species (which in this instance may be considered fish "weeds') consist
of inferior fish such as chub minnows and roach. When these fish occur in
great numbers, food is taken away from useful species and thus their
growth rate of these latter is decreased.

(b) The collection of sensitive brood fish which would be injured by
other fishing met icds or are unable to surwive captivity.

(c) The harvesting of food and commercial fish without harm, which are
to be transferred to other bodies of water.

(d) The capturing of migratory eels from waters in which fishing is

difficult.




(e) The removal of sifk fish, as well as carriers of infections in order
to prevent the spread of disease.

(f) The rapid removal of fish from bodies of water which are either
drying up or have been made uninhabitable through construction.

(g) Determination of the extent of pollution by examining the condition
of health of fish populations.

(h) The investigation of migrating and non-migrating fish species.

Stock taking may be taken for ecological investigations - for example,
the species composition of a fish community could be determined for
growth relationships.

(1) The capture of fish for tagging. The number of marked fish recaptured
provides information on the proportion of fish which remains in a
body of water.

(j) The removal of superannuated fish or "trash fish" which might be used
as food in pond culture.

I would like to stress the implications of point (g) because of

the necessity of monitoring the condition of fish in populations has

become increasingly important within recent years. Conditions of the

environment, the extent of which have not been known for years, compel

us to regularly examine the health of fish in natural waters. Nuclear

power plants, for example which have been constructed in increasing

numbers on the shores of our rivers, remove great quantitites of cooling
water returning it as warm water to the river. fﬂ!t;warming of natural
water may influence the biota and consequently these must be regularly
sampled. This applies also to other industries which pour wast water

containing toxic chemicals into natural waters. Annual variations in
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the quality and quantity of this discharge water should also be recorded.

HOW TO CONDUCT A SAMPLE OF THE POPULATION

At least two years before an Industrial plant is set into operation,
populations of fish should be smapled yearly at various stations (at
least two times during the year) not only downstream, but also upstream
of the site of the plant. At these stations each fish which is captured
is weighed, the length taken and recorded. The choice of sampling areas
should be made by a biologist if he is familiar with the waters. 1In
other situations it is advisable that he choose these stations sith the
aid of commercial fishermen or anglers. It is necessary to include back
waters and harbor slips in this survey. The carrying out of such a

population sampling is provided by a referernce base — a base which may

be used to compare the subsequent effects of the industrial plant on the
fish in the sampling area. Naturally in the years following the beginning
of the operation of the plant, sampling should be conducted during the
same time of years as the preoperation period and the fish examined and
recorded.

On the river Weser which has a high electrical conductance from
14.286 micro Siemens to 6,666 micro Siemens (70-150 Ohms-cms), population
estimates at over 30 test sites were made several years before a nuclear
power plant was put in service. After the plant was placed "on line"

surveys were conducted two times a year at the same sites.

HOW TO ESTIMATE THE SIZE OF A POPULATION

The Weser River described above is overloaded with wastewater having
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a high concentration of potassium. Therefore Gammarus tiprinus, a salt

tolerant crustacean is present there as nourishment for fish. Transects
were fished with 12.5 k VA electrofishing gear as well as Thyristo impulse
devices. The Weser is a navigable river and the transects are on the
sides of the banks. The outer curves of meanders, backwaters, harbor
basins and places which are favoured by fiéh are mainly fished. It is
necessary to.have a large enough boat, especially one which is sufficiently
long for four to five persons must be stationed behind the electrofisherman.
These people must have freedom of movement to collect the fish with dipnets.
Also there must be enough room for the workers who weigh, measure and
record the sex of the fish. The boat I used was 12 meters long. For exact
maneuvering, the sampling vessel, must be towed upstream with a long rope
a steersman is positioned to maintain a constant distance from the bank.
This is especially necessary when the current is strong.

As already mentioned above, all fish captured in the test reach
are weighed, measured and recorded. Any evident, extrenal signs of sickness
must be noted and entered into a suitable protocol. This information
can often be useful for investigations which are conducted in the future.
Stomach contents as well as visible changes in the liver and kidney should

also be recorded from time to time.

HOW THE SAMPLE OF FISH IS EVALUATED

The length of individual test transects is known although it may
depend on local conditions. In subsequent samplings the identical transect
must be used. Fish species are known as well as weights and lengths of

the fish collected. The distance between boat and the bank is at most
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approximately five meters and it is possible to calculate the area of the
cross-section of the transect which can be related to the amount of fish
captured. Investigation must be carried out not only in spring but also
in autumn. Summer sampling may be a useful additon.

If a sampling program is conducted for at least two years (3 or &
years would be even better) before the comstruction of a factory or power
station, say, approximately 10 km upstream and 25 km downstream, the .
impact of the plant can be evaluated. Because of the standarized
techniques comparable numbers can be used in the assessment. The numbers
are, without a doubt, relative but practical work has shown that the
biologist can work with these numbers to arrive at a valid decision.

For the sake of completeness it is necessary to mention that separate
investigation on the fauna of the areas must also be carried out.

In fast flowing waters or rivers on which there is heavy boat
traffic, the techniques of sampling populations is often very difficult
if not impossible. In these instances sampling may be done with electric
check weirs (see the section entitled combination electrofishing

installations with conventional fishing gear in inland waters - page 169).

2. Applications of the Anodic Effects in the Ocean

While the most important thing in inland waters is the management
and enhancement of fish populations, in the sea, the essential activity
is to increase the commercial fish harvest. It is not just a matter of
capturing more fish thgn with the conventional gear, but a better quality
of fish in greater numbers. It is relatively easy to utilize the anode

effect in fresh water, but in sea water is accompanied by considerable



°

technical problems. Because of the high electrical conductivity of sea

water, only very large impulse generators can be used. In light of the

present state of electrotechnical development, we consider the following

applications of this effect to be possible:

1.

Concentration of schooling fish and other sea animals which school
near the Surface‘with the purpose of capturing them in an easier

and more efficient manner than is possible with traditional gears.
Concentration of schooling fish in deeper water or water in which

it is very difficult to fish with traditional gear. Fish are attracted
by the electrode, and with the aid of light shining down from the
upper layers of the water colum, so that they can be captured with
the conventional gear on the surface of the water. Both methods can
be combined with a fish pump.

Concentration of schooling fish in front of the opening of a trawl.
This method eliminates the repulsive effect of the trawl omn the

fish in front of the net. An electric trawl can be used in place of
a conventional trawl where the fishing ground is unsuitable or other-
wise difficult to fish. 1In such instances, fish swimming on the
bottom (example flat fish) are first attracted by the anode in front
of the mouth of the net and then caputred. It is necessary that the
ground net is kept several meters over the bottom so that it does

not touch the bottom.

Simplified removal of fish already in the net by a fish pump containing
an anode on its intake pipe.

Removal of fish suitable for market from a school of fish., This idea

is based on the principle of "snout-to-tail" voltage in which a minimum




size of fish is only affected by an electrical field of a given

intensity.

3. Application of the Repelling or Frightening Effect in Freshwater
In order to achieve a satisfactory repulsive effect, alternating
and pulsed current must be utilized. Direct current is not suitable.
Since the strong anodic effect has been shown to be unfavourable for this
purpose, the fish should not swim towards the electrode but be repelled
or guided towards a designated goal. Even 50 cycles are effective, there
is a danger that the muscles of the fish will be paralyzed (tetanus) and
that it will be unable to swim away. The most suitable current in this
instance is pulsed current. Such a fish repelling installation can be
. applied in fresh water not only for fishing but also in front of intake
canals. |
1. The screening of turbine and pump intake may be used to prevent
injuries or the death of fish through contact with the blades. The
mesh size of the customary metal screens in front of these intakes
cannot be arbitrarily decreased otherwise the hydrostatic head of
| pressure will be reduced from 20 to 5 cm. If the bars of the screen
are separated by 2 cm about 20% of the eels swimming through the
turbines are dismembered or injuried. It is in this instance that
electric screens may be of use.
2. Chains of electrodes can replace the leading fences of trap nets.
3. Mobile directing and repelling devices to capture fish from lakes
which cannot be drained or are very difficult to fish; the fish can

be directed into hoop ntes, pound nets, etc. They may also be
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herded into dug channels. There is consideralbe demand for this
type of device in the Federal Republic of Germany, as well as, in
other countries since there are many bodies of water which are unsuitable
for fishing with traditional gear.
Weirs to guidevfish to fish ladders or to attract them to other waters.
The attracting current downstream from a fish ladder is usually weaker
than that near the turbines; fish during their spawning migration seek
the stronger current with the result that many would not use the fish
ladder. These fish can be directed to fish ladders and passes by suitably
placed chains of suspended electrodes. Young salmon, spawned out salmon
and sea trout, moving down stream may be guided by such devices before
they reach the lip of the dam into side channels from which they can
continue their trip to the ocean. Silver eels during their migration
may be guided into impoundments so that they will not be lost to the
fishery. This kind of device is frequently found in Sweden where the
courses of rivers are frequently altered. Each owner of such an
alteration receives support to facilitate the passage of artificially
hatched salmon and sea trout fry.
The closing off of areas of water to reduce the up and down stream
migration of fish. Such situations arise when:
(a) Young fish are planted in a region and it is decided to prevent
the penetration of predator or larger fish.
(b) To prevent the invasion of fish into a section of water which has
been fished out.
(c) Fish which are kept in a "fish corral" for future planting or for

commerclal rate.
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(d) Fish, mitten crabs or other aquatic animals (example, muskrats,

water rats, etc.) can be prevented from entering culverts or

underground drainage canals.

(e) Crocodiles or other animals, dangerous, to man, can be kept away

from bathing beaches.

(f) Fish may be herded out of areas of water where explosives are
detonated.

In the first two cases (a & b) areas of water can be blocked off,
upstream‘and downstream by electordes suspended by cables. Examples a & b
may be used in fish cultured stations where valuable brood stock are to be
held for long periods of time. In this manner breeding fish (for example,
salmon and sturgeons) which are captured just before spawning are kept until
spawning occurs. In this situation you can devise an impoundment with either
two chains of hanging electrodes, depending on local conditions (lake, or a
reach of a river) or with just one. In example (d) an electrically chargeﬁ
screen is simply placed over the pipe opening. In (e) a chain with suspended
electrodes can also be sued. Example (f) has an application when blasting of

rocks occur on the bansk of a river.

4.> Application of the repelling effect in the ocean

The repelling effect of electric impulse current may be applied in
marine fishing. At present, however, there are only a few types of devices
in use. It is necessary to decide whether one wishes to employ this effect
in coastal waters (fish screens protecting inlake canals or shark barriers)
or on the high seas.

In the first case it is not difficult, - some installations are
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already in service and some are planned ~ since there is an abundant supply
of electrical energy on land. On the high seas the required energy must
be generated on a ship. Here the repelling system is subject to strong
currents, tidal movements and even perhaps siltation. Such devices must
be ruggedly built and reliable since unexpected conditions may arise,
Like stationary fish - weirs and trap nets electical repelling chains are
only effective where there are concentrations of fish which are migrating
and can be diverted into tradtional catching gear or into shallow bays.
The following applications are possible,

(1) Tune (red tuna, for example) which during their spawning

migration come close to the coast in great numbers and are

captured in large trap nets (called "tornare" in Italian

and "

almadrabas" in Spanish). By means of an anchored
repelling chain of electrodes one can heard these fish into
the effective capture area of these traps. The leads of
these traps have lengths up to 6 km and depths up to 40
meters. The tuna however, when it encounters unfaviourable
temperatures swims past the traps and out to sea or else the
traps capture only the outliers of a large school. In such
situations a correspondingly large chain of electrodes
could be effectively used.

(ii) By means of this type of electrode chain the return route to
the ocean of tuna sojourning in Dalmatian bays and inlets,
can he cut off. Up to now large wall nets which when a look

out from a watch tower spied the tuna school and gave a

signal, were dropped into place. In Norway the idea to seal
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(iv)

&)

off electrically inlets and bays also exists. These bodies can
serve as natural holding pénsils for fish to be used later,

Sharks can also be kept away when they come too close to bathing
beaches for example, in Syden#Yy and Newcastle, Australia, up to
the present this was attempted by the installation of '"net fences"
around the bathing area.

According to a patent held by C. Kreutzer, fish can be herded
together by an electrode chain in the form of a ring. Once the
school is surrounded by the ring, they can be readily harvested
with a fish pump.

Fish may be greightened away by electric impulses where underwater
dentonation is taking place. For example, several firms were
advised to carry this out when they were drilling for oil in

Eckernfoerder Bay.

5. Application of the Electric Current in Stunning and Killing of Aquatic

Animals

The stunning and killing of animals was first considered to be an

undesireable side effect but today a different attitude exists. It has

been shown that electrical stunning and killing of aquatic animals can be

of use.

(1)

These processes can accelerate .and facilitate the capture of
commercial fishes, which, for example 1is the case in electrical
angling of tunas. Usually about 50%Z of the fish which are
captured tear themselves loose and are lost to the fisherman.

This is not the case when the hooks are electrified. This is



even so for the catching of red tuna (Thunnus thynnus) practised

by German and Danish fishermen in the North Seas, as well as, for

juvenile red tuna, and adult white tuna (Germon allonga) on the

French Atlantic coast, This technique is also applied in the

harpooning of whales. Closing of the
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circuit causes the death of the animal preventing its ripping of the
harpoon line to regain its freedom.

ii) Undesireable fish such as predators and competitors of\useful fish

can be destroyed. Sick and diseased fish (also mitten crabs) can also be
killed.

iii) Electricity can also be used to painlessly kill useful fish in keeping
with the laws of humane treatment of animals. Recently, for example, eels
are killed in industry by pulsed current. Trout farms which are short of
work people also use electricity to kill table trout in great numbers for
shipping or for fast freezing.l Electricity may also be used in small
enterpr%Ses to kill eels before they are sold. It would be desirable to
kill the Tunas which are caught at Almadrabas in the way described above,
to prevent the disgusting method now used. Successful experiments were
conducted years ago by the firm Dethloff-Electronics.

iv) By means of electrical killing the working procedures of catching

and processing of fish can be simplified and speeded up, this results in
the reduction of the number of workers needed (examples are found in point
3).

v) Electrical killing results in an improved storage 1ifeAwith respect

to quality. Experiments of tbhis type on trout, flounders, tunas, sardines,

Baltic cod and other species have been successful,

1 Earlier fish were killed only by the application of alternating current
or direct or pulsed current when these were of the wrong magnitude,
Today alternating current is rarely used to catch fish, The fishing

industry uses alternating current exclusively to kill fish.
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CHAPTER 5

ELECTROFISHING INSTALLATIONS

In chapter 4 an overview of the various peese}=6" applications of the
S113 anodic; repelling,narcotizing and lethal effects of the electric current
were given. In this chapter the electrotechnical gear and their operation \\
in practical situations will be considered. We have endeavoured to -
describe the most typical applications of this gear. The commercial
sources of the equipment are given for purely scientific and technical
considerations.

1. Electrofishing Installation which make use of the Anodic Effect

lnlond
1.1 Operation in_Sessmsio Waters

1.1.1 Possibilities and Limitations of the Installations

, The purchaser of an electrofishing gear is often not sure about the kind
' of device which is suitable for his purposes and for the kind of water

body involved. Not seldom he experiences great considerable annoyance when
he tries it out and expresses unjustifiable anger at the firm from which he
bought it. In order to explain what can be expected in electrofishing

gear it is necessary to discuss tﬂg nature, economy and 4hedr limit, and

ofclearly 1nd1cat to the interested person what he must look for in
choo electrofishing gear.

Those who have r%#d the chapter on the physiological and physical
bases of electrofishing (pp. 22-103) will know that the action of an electro-
fishing gear, that is a device using the anodic effect has certain limits

not only in fresh but also especially in seawater. In some instances even

today with well constructed devices to produce a satisfactory effect. P/ itis
I’FF;-"
S114 The reason for this is known by every electrofisherman; the water body C%:u(r.

because of its chemical and physical properties, its shape, and in unusual
instances, the geological formation it lies on, displays a wide range of
electrical conductivities. In a few cases the fish themselves ﬁave an
. effect. We know, for example, that the effect of the electrical current
on fish depends on species‘ size (or better, surface area) and, not the

least, its physiological condition’a It has been observed in recent years
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that the sensory physiology as well as metabolism of fish has been affected
by water pollution. The fish are still attracted to the anode but it is
often observed that they react at .80m distance from the electrode or are
indolent in their behaviour. The water of the Weser, for example, have a
resistivity of 60 ohm cms (16.600 micro Siigzzgggjbecause of its high salt
content. Toxic amounts of potassium ion are also present.

Further is the consideration that the effect of the electrical current
diminishes as the square of the distance from the anode. As a result
the effective distance is maximally 6-8m from the electrode even with
the most modern gear. Fish beyond this distance will flee from the influence
of the electrodei;/ It is known that a fish must tap off a certain voltage
in order that i ;’EI rawn to the anode; (p.53) at excess voltages it will
fall stunneééz:;tggAzottom out of reach oi the fisherman. Unfivourable
conditions exist in very soft waters since the concentration of ioms is too
low and an insufficient electrical field is produced. The conductivity of

bottom and banks may also influence the field.

It is certainly p%ssible that the above unfavourable conditions can be
2:§z22¢y~ e

overcome by diréct current gear. However, as a rule this is achieved

heavieY ) .
with the presence of several more or less undesirable di%advantages.

Gn
Oversized gear is heavy and unmanageable so that it mayCB%jused where the
topography is ideal. This gear is moreover expensive and the increased

efficiency is offset by higher costs.
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In such instances it is better to use pulsed current. Because of

the more physiological&effective action of pulsed current on the fish and

Sce .
beeauee each pulse lasts only a fraction of a second, the electrofisherman
operale

can gt Aaleng with a much smaller device than that powered b}} direct current.
o

To obtain the same effect with direct current you would have¥use apparatus
prodocing vl
fluing—out six kilowatts. With pulsed current ex’ two kilowatts are necessary.
In very conductive water (40-100 Qohm cm., i.e., 25000-10000 micro Siemens )
needed
a direct current gear of fifteen kilowatts is mecessary. In contrast only
' ’
4.5 kilowatts of pulse current is sufficient. A spreading out of the
effective area of the anode, beyond 8 m is not always attained with pulsing
gear. The area of repulsion is essentially greater than in direct current
: aoﬁuun&yar
gear. Modern pulsing gear, moreover, have the adwatnage that they automatical
adapt to water conditions. In earlier types of pulsing gear, pulse durationm,
pulse frequency and voltage had to be chosen by the proper choice of capacitor
which matched water conductivity. These are no longer necessary since the
rhyris7ors
development of +hysieters (sim=e 1965). Pulsing gear are easy to operate
having an "on" and "off switch" and a potentiometer which is carefully adjuste
when the electrodes are in the water. All pulsing gear with the exception of
150 watt battery apparatus are provided with volt-and ammeters. By "heehfahre

rey e e S S
the meecessary pulse duration is set to the prevailing water resistivity. For

an average 1sin ear of 10 kg. a maximum current of 3 Ef. can be delive:
It should be mentioned at this point that pulsing gear should only be
Os

used in those situations in which water conductivity is too high or too -emall.
When conductivity is too high (or resistivity too low) the direct current
device required would be too powerful, When resistivity is high (conductivit:

low) the required voltage must exceed 1000 V.
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The highest mest—relimble voltage for direct curreﬁféear is, however,
only 750 &=g. For portable pulsing gear it is 1000 ¥ and foxr fixed
installations as high as 10,000 V,

To summarize the employment of electrofishing gear with anodic effects,
the following may be said: Electrofishing operations inveolving anodic
effectS should be used in inland waters on the basis of their economy.
Since they are often used in difficult terrain, they should not be larger
than a machine which is able to generate 6 kW (ca. 7.5 kVA)., When direct
current gear is used and conductivity values are in the range 333-1000 micro-
Siemens (7000 to . 3000 Qxcm) the effective area extends 6-7 m from the anode.
At lower conductivities - 200-333 micro-Siemens (3000-50009xc;£e effective area
of direct current gear is smaller. This type of gear cannot be used in water
of high conductivity 2000-30,000 micro-Siemens (30-500 9xcm) and pulsing gear
must be employed. The required direct current gear would have to generate

25-30 kVA and weighg more than a ton. J[Jn bobh cxbrtvmes - very Lok auwef

1
Virtually no direct current gear is manufactured today containing a direct

current generator, the power being provided by an alternating current dynamo
and rectified. For a given weight this latter arrangement is lighter. The
capacity of these devices is expressed by kVA (kilovolts - amperes.) This
unit represents the apparent capacity to calculate the true outputg you
multiply the cos ¢ stated on the nameplate by the apparent output to obtain
the effective output. The 7.5 kVA gear of the working group for electro-
fishing installations has an alternating current generator having the
inscription cos = = 0,8 on the nameplate. When you multiply 7 kVA by

0.8 you obtain an effective output of 6.00 kW.
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What to 'look for in buying electrofishing gear

1. The apparatus must match the water conditions. Before the purchase the
manufacturer must determine the conductivity of the water (send them a sample).
The co-operative for electrofishing operations will not sell any electrofishing
device before a questionnaire has bee#n filled out and a water sample has

been received.

2. The machine must have some means of regulating voltage. The range of
this device depends on the conductivity of the water in which it is to be

used. In any case it must have a four way switch., 10 12
. ) 4
3. The gear must be so constructed that a pulsing device may be connected,

if necessary, at no extra cost.

4. It must have the capability, (at no added expense) of energizing an
electrified net conductive wire for the fishing of eels or for fishing

in gravel pits.

5. It must have as wide of an effective field as possible. L -
(VDE = Gcrwa“ E!cch-ol»cckn.c Camrmss-cn,

6. It must be built following VPE specificatioms.
7. The manufacturer must provide a guarantee that the apparatus they

suggest is effective in catching fish.

These guidelines are recommended to anyone who intends to buy an
electrofishing gear. One final tip - never order any gear if the water

conductivity is unknown. Send first a 50-10Q ccm water sample to the firm,
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1.1.2 Types of Electrofishing Gear ( \l&

Since the beginning of electrofishing - some 50 years ago - the
construction of anodic gear used in inland waters has changed considerably.
" (a(Lqugyuz Curvenl- A2¢V)

Kramer's machine (1916) was a traditional generator..”Such machines were
also used by Scﬂgnefelder and Schiemenz in their 1916-17 experiments. This
device was abandoned for direct current generators when it was found that
direct current provided a more effective anodic actionm.

Dynamos (or generatord convert mechanical work into electrical energy.
A dynamo consisté of a field magnet, a rotatable armature and electric
brushes. Electrical currents are produced by induc#tion; often this
current 1s passed through the winding of the field magnet increasing the
magnetiﬁm in this coil and the current induced in the armature. This process

dynamv allqins
is repeated until the ~dyeno ssarehes itscgighest performance.

Using the principle of the dynaégczﬁérner von Siemens constructed
serviceable generators based on the principle that half wave rectified
direct current (wave current) produces a better catching effect. Smold an
suggested that a generator be used in which flowing direct and alternating
current could be obtained by switching over. Fish could be stunned with
alternating current and could be drawn to the anode (by direct current)
aAler rrcrvery  ECOVErY

Since the dynamos of the time were heavy and awkward to transport,

battery poweyed gear was adopted after the war. The simplest, although
unwield/y

most wnwildly geargwas that of the firm Schweer and Kuckuck,.Steinhude,
( powered by batteries, ) It consisted of 36 2/3 motorcycle batteries (6V)

in series, in two boxes protected by circuit breakers for safety. It

could deliver 220V (fig. 50).
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The batteries contained lead plates immersed in dilute sulfuric acid
and discharged if possihle every two weeks; they were subsequently recharged.
Disadvantages include the relatively heavy weight, the high cost of operation
and the short life of the gear (replaced every two years)., The batteries

consimed
quickly lost their charge after a few hours which Jweswd the operation to a
charging station.

Then appeared the "Eisenwickelsammler" known as the Edison accumulator
and filled with 21% potassium hydroxide. This Edison battery is superior
to the batteries it replaced in many respects. It contains no acid, is
unbreakable and is long-lasting. Also, it is lighter and is not damaged
by interruption of the charging schedule. It is inexpensive and a capacity
of 30-35 watt hours per kg cell weight.

In general it can be said about the use of batteries that, as a result
of their few ampere hours, they can only be used when the water conductivity
is favourable since high conductivity exhausts them within a few hours.

To compensate for this disadvantage groups of batteries were used in
conjunction with a single armature charger, which required a high energy
input itself; as a result 12 or 24 v. batteries were quickly discharged.
Only for historical reasons have these battery operated devices been
mentioned. Those deviced called battery-operated gear are exclusively
pulsing devices having long operating 4rnugand an effective fish catching
capability.

Motor driven devices were built by various firms after 1945 consisting
of internal combustion motors which drive a generator. Small devices were

carried, large ones transported in a two-wheeled wagon, The main advantage
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was the relatively high capacity (1.5 kVA to 20 kVA) which was assured by
the availabity of fuel. Unlike battery powered gear, they were not limited
by the availability of electrical power.

Many of these are in use - numerous variations mostly constructed by
private firms. In principle they are the same.

A great step forward in electrofishing was the develog}ng of electro-

DPYSr0/09/c8
fishing gear which produced pulses. The pbysialogus effect of pulses has

alreog, _
Prreedy been described (pages 48, 56). It can be said that the effects of
pulsed current depends Sh\gulse shap?’pulse frequency and pulse duration.

In comparison with continuously flowing direct current, pulse current can

elicit wronwmed
preduece g*eat/gzgzzzgfwith less expenditure of energy.

<
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The early pulsing gear functioned with devices to interrupt direct
currentb, @ mechanical pulsing system; modern gear are entirely electronic.
1.1.3 Gear used Today

Smputse
1.1.3.1 - Gearspowered by batteries

Battery operated gear 1s used in those situations where it 1s awkward
6r impossible to employ a motor driven gear.i These include mountain streams,
waters with dense growth on the banks and finally for every body of water
narrower than 5 m. These devices have the great advantage that they can
be easily carried on the back and one can wade with them through the water.
Naturally these waters can also be electrofished with motor driven gear, but
they are heavy, requiring a long cable. This is specially awkward in
bushes or rocky terrain. With battery powered devices you can fish in every
brook.

All pulsing gear available on the market (domestic and foreign) are
exclusivily battery powered which have technically improved in recent years.
The following are available on the market:

1. TSY - 150 - battery operated developed by the electroflshlng tg;qpvrafh

Iusfdute E Coastai ou-el Dulemx Sreres
ACRgReretisanin conjunction with the ) I»@Qf

¢4
Output exceeds 150 watts peak voltage of 530 V asfd a regulated frequency

Feolec:
Rep wbl
chﬁr

from 50-100 pulses per second. Pulse form: steep rise followed by a crman
gradual decay (capacitor discharge). This device is the smallest electro |
fishing gear in the world. It has three settings which are adjusted according
to the prevailing water conductivity. The same machine is used by high seas
anglers ;ith Tuna fishing hooks - proof that it is possible to fish in waters
of high conductivity with satisfactory results. In this instance fish can be

killed. This can be attained only with pulses. Fig. 44 shows the catching

gear with anods cathod, and batter&. The cathode here is floating, consisting
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of a bamboo stem on which at a distance of 5 cm, & copper cableris fastened.

fasfened
This kind of cathode has proved itself. You can also use a metal ring feebancd

on both your rubber boots - "cathode shoes." Fig. 44 shows this arrangement
in operation. The electrofisherman carries the battery in a sling on his

back.

Tow hooks are fastened on the front part of the carrying straps of the
puISihg hory
frame and the pwelimg gear is bing on these: Total weight - 5 kg.

Fig. 44a - for an explanation see the text.

Fig. 44h - see the text for an explanation.

2, The "Martin-Pecheur" (Eisvogel in German) is a french pulsing gear
cevelopes ‘ . ’
devel-ped at the hydrobiological station at Bearritz and powered by a
cadmium nickel battery (12V, 9Ah). Three ranges of voltage are available -
150Vg, 200Vg, 250Vg. These permit the adjustment of the gear to the

prevailing water conductivity. The

Fig. 45 'Battery pulsing gear. DEKKA

The DEKK'A isanother german pulsing device powered by batteries and consisti
of the principal device, a battery container and various formed electrodes as
fish catchers. 12V acidic batteries are used and connected to the principle

device by a plug attached to a cable.
essenr/al
Below are the ispewseamt data:

Voltage supplied: 12V=



.Current supplied 2-7.6 amps.
Tex b Output voltage 300, 400, 500 and 600 V.
fo Power output 72 W/second

Pulses per second 30-80

The gear may use not only in small brooks but also in larger wvaters up

to a depth of 2 m.
———

According to the manufacturer this device has been exclusiyely developed
)( for trout streams. During an international congress in Poland the author

was able to

122 Fig. 46 French battery operated pulsing gear

Fig. 47 The gear with the back removed

S 123 demonstrate the effectivenmess of this gear. The pulse form is rectangular
and pulse frequency can attain a maximum of 400 pulses per second. Weight:
12 kg. Fig. 46 shows this device with the hack off. Below may be seen the
10 cadmium - nickel batteries of 1.2V each. Above on the apparatus is the
control panel by which current strength and voltage may be adjusted. 1Im
Fig. 47 the device is closed. Around catching net is recommended as anode.
Cathode constists of a floating metal gauze supplemented by two metal plates
fastened on the hoots. This cathode is appropriately named the three point

cathode.

, kﬁvangaz?e A%ryeAimfa’ﬁa>/pzﬁﬁﬁﬂﬂv
' ¥aapreck electrofishing gear developed ig+—Ruesia this gear is used in
m RS counsry

fish culture st;;IBES anq‘also employed by ichthyologists in checking fish
s
populations. Output consists of pulses 1.5-3.5 kW at a peak voltages of
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200-800V. Frequencies include 5, 15, 25, 40 and 80 pulses per second.

Fig. 48 An Irish pulsing gear

S 124 4, The "Brookmaster" - an irish device powered by a 12V, 90 Amp. hour

battery. Output voltage amounts to 350V, - pulse rate: 30 to 60 pulses per

second. Pulse duration varies with the water conductivity @ and is about

15 ms.;w-d the pulse form is that of a condensor discharge.

5. "Cybertronic MK XII" likewise an irish pulsing gear connected to two
6 tf. batteries (Fig. 48). Output voltage 350Vg. Total weight 10.5 kg.

The author has been cqnvinced of the efficiency of this device,
machine
6. An english wmahgime battery pulsing gear have b_c_a_etn constructed in
LT s5
England since 1950. (Shown opened up in fig. 49) # Connected to a 12V

battery having 10 Amp. hours. Batteries are housed in the closed lower
half of the box. Peak output voltage: 350 volts, frequency: 20-66 pulses

per second and regulated. The machine has also a pulse indicator.
o« yucK sack >
All the battery powered pulsing gear are rusk.-raek devices., Operation

s geeok.
of the gear is simple and the effecty on the fish -:.-s--g;od- By rrrFest

Fig. 49 English-battery powered pulsing gear

Fig. 50 shows a battery operated gear manufactered by the firm
Schweer and Kuckuk. Because of its great weight and its unwieldlyness it

‘.. ?
is only suited for electrofishing amd—muet—be operag " from a large boat.

Fig. 50: Battery gear of the firm Schweer and Kuckuk.
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1.1.3.2. Gasoline and Diesel powered combinations

Devices which use gasoline or diesel powered machines work with either
direct or alternating current. If they are powered by alternating current
they are used exclusively for the supply of pulsing gear (see the following
chapter). The electrofishing co—operati;:, the largest organization in
Europe in this field produces a number of different sizes of gear under
the name '"Mofix AS" which may be bought. The output of .these devices are

1.5, 2.5, 4.5, 7.5, 12.5, 20.0 and 45.0 kVA.




D ©

6 ‘ a vV [0 oluehn al wof"ﬁ’l

-
e

The 12.5 kVH device, »V¥W—trdostrial—meter-is driven bty |the 20.0 kVA and
the 45.0 kVA by a Hatz-_-biesel. The remaining gear$ may be mass produced
and provided with two stroke gasoline motor. Gear from 4.5 kA may be“Supplied
with a diesel motor. All gear basically has a range of voltage either
250/500 volts or 300/600 volts. Gear from 7.5 kVH have, in additiom, a
L12% connection for electric nets. Connections for pulsing gear are availahle

kVe

for sizes 4.5 upwards so that without any additional cost), lhe sQme warﬂ

loc useet +o *fifi-v_&'ffcvf>kn"~‘) er,:»cofﬂ”‘y /""3‘* “’"al“c"""‘f)rhe larger
members of this series have four ranges of voltage (65, 130, 260, 520 volts);

this means t:hat:’ out of a 20.0 kVA device ’a maximum of 200 amperes may be

obtained.

‘ Fig. 51 shows a 7.5 kVA device. At the left in the picture 1is a
transmitter with the receiver hanging on a rod so that the collecting

current may be radio-controlled. Up to a range of 1 km the collecting

may also Se vseo
current may be controlled without a cable. It is.alse pessible in deep

water.
uc ra.l.h'll-'h‘b),
S126 Gear powered from 7.5 kVA upwards have furthermore the—eptien—of—
be deliverce R a ). pheet —- {Jr-co(‘ L oler — CCrr'aqac
i i Connections for pulsing are available

for all devices, 4.5 kVA and greater,

5127 Fig. 52: Control panel of the 12.5 kVa catching device.

Fig. 53: 20 kVA catching device.
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Fig. 54: English 300 watt direct current gear

Fig. 55: See the text for an explanation

mserres

Fig. 53: An ammeter is smeerted for each range of voltage., At the
high current output which the device can produce it.is not possible to use
a voltage selector switch. The change over from one voltage range to
another is accomplished only by rearranging the leads.

Gasoline fueled devices are also built in other countries. The Marine
Laboratory at Aberdeen constructed a 300 watt direct current device (Fig. 54)
which was used in the Scottish Highlands. Another approach has heen taken
in Poland. A specially designed rectifier converts alternating current
into direct current produced by a commercially available generator (Fig. 5%).

o
1.1.3.3. Pulsing gear which can be connected/ﬁ/gotor system or nets,

The apparatus described in No. 1.1.3.1 although battery gear are also
pulsing gear, in this section the large pulsing gear will be described.
Pulsed current has made possible, the electrofishing of waters which have
a very high conductivity. The Weser having a conductivity of 70 O cms
can only be fished with this kind of gear. Otherwise a diesel generator
of at least 12 kVA must be used and this because of its weight (600 kg) is
difficult to transport. For thils reason as well as physiological omes,
pulsing éear have replaced generators.

ear
Pulsing @e=¥ in the Federal Republic of Germany are produced by Fhe

on
Gb-operativé for Electrofishing Devices., Various sizes are available.

All gearsare connected to 220V or 380 alternating three phase current,
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When connection to a generator is necessary the size of the generator

-

determines the output of the pulsing gear. All motor driven catching gear
o have vpwards
of the co-operatiye rom 7.5 VA upmasds mewe accordingly. the capability
of being drive/by a generator. In many instances it is even not necessary
to have a generator if line current is available. The gear may be powered
by this current through an appropriate transformer.
employs

All pulsing gear empiys thyristors and may be regulated continuously.
Operating pulsing gear is quite simple since each gear contzins only one
off and on switch, the voltage being set by a potentiometer. Using the
potentiometer, the voltage between the immersed electrodes can be increased
until the needle of the ammeter shows the required level.

A pulsing gear used for pond culture on the Mpsel is shown in Fig. 56.
It is powered from the mains (380V)‘:Ihe largest pulsing gear constructed
by the co—operatig: was sent to Australia. It was connected to a 45 kVA

diesel generator, and used in sea and brackish water. There the gear was

connected to 45 kVA generator and used in brackish or sea water.

Fig. 56: Pulsing Gear

Pulsing gear built in England are also comnected to alternating and
three phase generators. The pulsing gear "Mark II" (Fig. 57) is conmnected
to an alternating current generator. It delivers a peak voltage of 250V
and has the possibility of varying pulse length. In addition to two
connections to anodes and one for the cathode, the gear has an on-and-off

volr’merer
switch as well as a velsimeter.
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In addition to the gearSmentioned above, there are numerous other

Fig. 57: The English Pulsing Gear 'Mark II"

devices and also many '"home made" ones. As far as we know the construction
is similar’and they have not been discussed here. The gears mentioned

have been selected since we believe them to be typical. The worth of any
type of gear is not indicated by being listed on the test, nor is an
ommisions imply inferior value,

1.1.4 Electrodes;Forms of Electrodes and their Arranégent

Electrodes are important in the functioning of electrode devices and
it is useful to consider their suitability, form, size and the materials
of which they are made.

The anode (positive pole) can consist of metals such as zinc, copper
iron, brass or aluminum. In most cases the anode is formed into a kind
of catcher to permit the removal of fish when caught. The author works
exclusivel)b except in waters of high conductivity, with anodes in the
form of a catcher constructed from iron rods. The material is inexpensive
and is not so susceptible to electrolysis. Soft metals should not be

conductive - consurred.
used in highly cemdictive waters since they are quickly wsed—up.

The collector (or catcher) should be constructed according to its
mechanical application. The best is a catcher depicted in Fig. 58. 1In
front are two straight, round iron bars parallel to each other, the inner
rod is used for the fastening of the catching net. It is possible to remove

hab/rars
fish from a stoney¥or from reeds without damaging the front attachment of the

polycster
net. The collector is tied to a piyester tube (35-40 m thick) at least 2m
in length. The cable is led through the tube and attached to the collector

with electrical connectors. Whea—radus—controtted-the—eenmectionr of a Tablex
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net

@ adolilional Connechiowm cable at Jhe dube 7/ 5(Ftcesso
'fw €Onneckiuy Pre Carrenl on ol
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(See Ch. - Electric Fishing in Inland Waters). Any insulating material

(9-’7{" e Cach-‘nJ‘ cuwrtrent (¢ suddohcol 6‘1 trireless yecelver

such as bamboo, wood, etc., may be used for the handle. The form of the
catches can have another form for other electrofishing conditions.

When water conductivity permits (page 87)_and the gear is not working
at its full capacity, two catcﬁing nets may be used. The cathode usually
consists of a metal plate or screen. Relative size between anode and cathode
should be at least 1:3. Since the size of the electrodes determines the
amount of current it is necessary to adjust the area of these to the capacity
of the current producer and the conductivity of the water. Avoid making the
electrodes too large for the generator since the desired electrical effect
will not be attained.

The construction of the cathodfis determined by the type of fishing
to be carried out. The shape of the cathode is not important, for example,
in brooks or small ditches. In fishing in the seedy inshore waters of a
pond or from a boat, it has been shown that the side of the boat away from
the shore should be provided with a 6 mm thick, steel rope, hanging down
at intervals of 5-10 cm. These 'rope electrodes' should be suspended and
insulated along the entire side of the boat. Fish which attempt to swim
out the field, encounter the repelling effects of this net cathode and
turn again into the 'catching anode'. Bands of strap iron placed on the
boat's bottom may also be used with the same effect.

It is not always possible to fish in waters of high conductivity with
a catcher of normal dimensions. In this case the capacity of the generator
must be matched with water conductivity; otherwise the pulsing gear is not

suitable.
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It must also be mentioned here that'at the beginning of the fishing
operation’the level of electric current must be read from the ammeter when
the electrodes are immersed. First the device is adjusted to the smallest
voltage. If the capacity of the generator permits at the prevailing water
conductivity, a higher voltage may then be applied. It is often more
advantageous in some locations to employ two anodes at a low voltage rather
than one at a higher voltage.

1.2 Use of Gear in the Sea

This chapter has been shortened during the revision of the first
edition since it has been shown that financial and material expenses is
considerably greater than the commercial advantages. Moreover most
readers are interested in fishing in inland waters.

1.2.1 Possibilities and Limitations of the Gear

With the development of anodic functioning dgvices in the ocean,
electric fishing in this medium is of importance under certain conditioms.
First of all it must be of such a nature that it can be mounted on a fishing
boat and to increase significantly the catch of this vessel. There must
be a favourable cost-benefit ratio. It must occupy little space since modern

vessels require most of their space for the catch and other gear. The

electrofishing gear YS?Z;;/
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must be sturdy and offer little wind resistance. Because of waves,
especially in salt water, the gear must be easily operated and serviced.
It must also fit into the routine work on board to economize on labor
and nets.

To effectively catch fish in sea water - a medium one hundred times
as conductive as freshwater - pulsing gear must be used powered by 30
to 30 kW generator on board ship. The gear must conform to the conditions
specified by HAIER.

To efficiently employ the electronic pulses it is necessary to affect
a large an area of the water as possible to produce a current density
sufficient to elicit the anode effect. Dissipation of too much energy in
the close proximity of the electrodies must be avoided. According to
HAIER this may be achieved in the following ways:

do qveis

1. Electrodes of large area veid the "bunching up" of lines of current

at the electrodes - a condition arising from oeaussérwy small electrodes.
2. The potential at certain points or in certain areas of the electric

field may be increased to guide the direction of the lines of current.

Auxillary electrodes may thus cause the current to flow in a desired

direction.

3. The lines of current flow must be concentrated.

How large the electrodes must be to minimize the uneven concentration of
current lines and to, at the same time attain the best dispersion of the
lines of force depends on the capacity of the pulsing gear, as well as the
shape of the electrodes. The surface of a small rectangular plate is
smaller than a perforated plate and larger than the surface of a hollow

cylinder having the same outer covering. In the first case the lines of
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occur over the entire surface of the electrode; in the second case only over

the surface of the outer surface of the cylinder, The calculated surfaces

of various shapes of electrodes are shown on page 44. The types of electrodes

used are summarized on page 139.

As already mentioned on page 45, about 60% of the voltage falls in a
distance of 2 m from the electrodes, In other wards the field is so weak
2m from the electrode that no anodic reaction can be produced in marine
fish of average size. To minimize this drop in potential auxilliary
electrodes must be inserted at a calculated distance to increase the
potential. This makes possible the anodic effect to be elicited at a
greater distance from the electrodes (about 4 m and beyond). One must

onboonoed
therefore strive to impede the hsunddess radiation of current out from
the electrode as well as the considerable drop voltage in order to minimize
the loss of effectiveness in the vicinity of the catching electrode.

Concerning the‘%undling'of the current the following may be said.

From the study of alternating currents it is well known that rapidly
changing currents (alternating and Pulsed currents) tend to produce counter

currents in the medium around the cable carrying current. This effect

causes the electrical field to have a preferred direction:

Fig. 59. Bundling of the current through a cable in the form of a loop
Key to symbols: A - when direct current is used.
B - when alternating current is used.

E - electrode K-cable S-ship
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1.2.2 Apparatus in use or under development

At present the following gear 0perati?3 by the anode effect are used in
marine fisheries or electrofishing devices.

1. Electrified fish pumps - in combination with traditional encirecling
nets for the capture of schooling fish.

2. Electrified fish pumps in combination with lights but without nets or
any other traditional gear.

3. Electrified trawls for bottom fishes (fish or shrimp), pelagic schools
or with bottom trawls on otherwise unfiéhable grounds.,

Electrified fish pumps are used today in encircling nets for menhaden
(Fig. 60). This method was developed by Kreutzer and has proved valuable
in practice. In addition to the net a pulsing device is required and this
is installed on the fishing boat. The pump mounted on the same vessel
sérves as the anode and is connected to the pulsing gear. The pump described
in section 2 (electric pump fishing) has been developed by german companies,

A, Teoleral Republ.c of Goruw any
the Federal Research Institute for Fishery(working in cooperation with the
éi::ﬁrfisheries Eésearch‘}nstitute. This method differs from that of
Kreutzer in that no encircling net is needed. Electrified pumps together
with sources of light are only used. Menhaden, and sardines, for instance
are first attracted by the light into the vicinity of the pump anode and
this accumulation sucked up the pump to the ship.

Concerning possibility 3. The electric trawl developed by Kreutzer
in America, functions according to the following principles. The necessary
current strength is produced by a diesel generator and converted into

carrent

pulses., Output(and frequency of pulses may be varied. After its amplitude

has been increased by a transformer, the pulse is conducted through a
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coaxial cable with the towing cable of the net., The trawl is pulled a
distance of 2000 m behind the ship. ﬁnderwater pulse transformers are
attached to the trawl which convert the voltage to the level required. 1Imn
that part of the trawl which forms the mouth four electrodes are evenly
distributed (Fig. 61). By switching the primary coils of the transformers
consecutively - step-down transformers ensure that the same current flows
from each electrode. A homogenous field is thus produced at the mouth of

the trawl, The peak current in the water amounts according to the size of

the fish, to between 15 and 40 kA. The pulse duration varies from 1.2 to

1.5 ms. The relatively long pulses are necessary because the current at
low pulse duration spread out into the surrounding water from the cable which

connects them with the transformer.

Dev/ce
Fig. 61: A-Dewie for Fishing with an Electrified Trawl.
1. Diesel motor 5. Control device
2. Generator 6. Pulse transformer
3. Electronic pulse generator 7. Electrode
4, Transformer 8. Towing cable

In this way the spreading out of the current from the electrodes is
achieved. Figure 62 shows the catches from a series of experime;é with the
trawl conducted 60 to 100 m deep of the North American east coast. Accordingly
the catching rate of the electric trawl is, on the average 100-500% higher
than that of an unmodified trawl. Further it was found that active bottom
fish which could swim out of the way of the net were caught to a greater

extent with the eletric trawl than less active flat fish. 1In those cases
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where large schools of fish were encountered, the difference in catch is
especially great. This may be that when so many individuals of one species
are together attempt to escape the net. Therefore it is not only the result
of eleciting the escape reflex but also the coming together of fish of the
same and other species when these are concentrated in front of the net.

The anodic effect of the electric current excludes two areas of escape.
Floating trawl fishing may also be improved by the techniques described
above. With an electrified floating trawl not only fish between the surface
and the bottom can be caught but also fish from stoney crevices, This last
feature represents a substantial improvement of the catching technique than
was possible before since fish may now be caught over otherwise unsuitable

uneven sea bottoms.

Fig. 62
Comparative catch results of normal and electrified trawls*
*At present these are systematic comparisons of catches under various
fishing conditions and trawl types in the(german Eéderal gepublic.
These have been conducted from the research ship "Walther Herwig"
operating out of the Institute for gétching‘zéchniques. (Federal

Fisheries Research Institute).

Shrimps are caught electrically in Florida. This is of interest because
of the very difficult conditions for fishing presented by coral and sponge
Subslrate
growth. Fishing over such a substarte by traditional methods would damage
the nets. Experiments have also show' that, using electrical methods it is

even possible todraw shrimps out of their burrows in which they are hiding.
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Since alternating current has heen shown to be more effective than direct
current, 60 cycle a.c. is used being sent into the water through brass
electrodes. The pulse duration of the alternating current must be shorter
than 4 seconds since the duration exerts a greater effect than pulses of
longer duration. Experiments show that shrimps which had burrowed into the
bottom can be drawn from the bottom from burrows 30-40 cm deep into the
effective area of the net. About 87% of the shrimps displayed a positive
response when current density was 15 mA per 2.5 square centimeters, the
pulse rate five per second and current intefrupted in the ratig 1:3. The
experiments further showed that this catching effect required relatively
little voltage.

Recently shrimps have been electro—fished by Van den Broucke in Holland
with considerable success. Experiments were conducted off the Belgian coast
in the vicinity of Zeebrugge and Knoche. Van den Broucke used a pulsing
generator of 2.5 kVA having a peak voltage of 100 volts at 2 cycles per
second.

1.2.3. Electrodes, forms of electrodes and their arrangement

The form and size of electrodes are variable and must be chosen according
to the conditions prevailing during fishing. The electric trawl developed
by Kreutzer had four pairs equally distributed over the entire opening of the
net. An underwater pulse transformer is fastened to the trawl itself which
converts the power into the necessary low voltage and high current, By
connecting the primary coils of the trans/foruers one after the other to the
electrodes a homogeneous electrical field over the mouth is achieved, since
the same current flows between each pair of electrodes.

In electrified fish pumps the anode is placed on the head of the pump.
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It may be in the form of a funnel to widen the sucking mouth of the device,
it may also be in the form of two crossed, bent metal rods, one lying under
the other and placed like a crown on the end of the pump - a form chosen
by the firm Dethloff_Electronics. During experiments off the French coast,
Halsband shoved a nar}ow metal tube into the opening of the pump head.
This form was advantageous since it did not hinder the drawing in of the
fish which happen in the other forms. Moreover, the surface opposite the
funnel is smaller which lessens the necessary electric output. 1In all
cases the cathode is attached to the side of the ship in the form of a
metal plate.

2 Electrofishing situations using repelling and attracting effects

2.1, Operations in inland waters

2.1.1 Possibilities and limitations of the operation.

Anyone not familiar with the basic laws of electrophysiology might think
that aquatic animals are not able to swim through an electrifl field across
a river. As a rule this is the case. Pulses emanating from the electrodes
often warn the fish 10-20 metres away and these swim away from the field.
There are instances, however, in which aquatic animals (e.g. fish) do
not reaét or cannot react, swimming through a field of increasing intenéity

or dart through it. The reasons for this
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behaviour may be several:

1.

3

Fish respond to electric pulses and the shape and
frequency of these must be adapted to certain relationships,
In most cases fishes of various sizes and shapes are repelled,
These factors must be considered when shape and frequency
of pulses are adjusted.

An important factor is pulse duration., Duration must
not be shorter than the time, necessary to elicit escape
movements of the fish. The pause between pulses must be
long enough to allow the fish, after the pulse has registered
by its nervous system, to respond to the electrical lines
of force by a counter movement.

The speed with which the fish responds to a pulse of
current, is not only dependent upon species and size but to
other factors. A fish, at a temperature to which it is not

acclimated, say undercooling, may have a different metabolic

rate, and will react more sliuggishly than in its custemary
temperature range.

An eel having a critical temperature of 9*°C, reacts much
less to electrical impulses at lower temperatures.

The eel fisherman considers the fish to be running at this
temperature,

Indeed as the temperature falls,the eel returns to its
winter quarters appearing again around May when temperatures
rise above 9°C, We know also thatuéelf.before sexual maturity
and, during the migrations in the sea, aPe effected more

by the flow of rivers, It actively migrates and reacts
slowly to the electric field in comparison to immature eels
(yellow eels) in quest of food.

Because of the steadily increasing need for energy,
more power generating plants are being constructed on our
rivers, Warm effluents produced by these stations not
only effect the living communities of the water, but also
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disturb the behaviour of fish during the winter, A fish
which displays a low level of responsiveness’especially

in winte;’will react to a greater degree under the influence
of warm temperature, There are far too few results of the
behaviour of eels in winter under the changed temperature
regime which would provide information,

The deterioration of the general state of health of
a fish through sickness epidemics and not the least polluted
waters proportionally affectsl the action of electric pulses,
We know from the metabolism ofa fish(characterized by
oxygen consumption, gut temperature, ventitation rate etec,)
that it is changed by slight impurities gomestic sewage,
industrial effluents; artificial fertilizer etc. The well
being of the fish may suffer but there are no visible
external signs,

The velocity of the water in the vicinity of the
electrodes should not be greater than 0.3 m, per sec.

At greater velocities the fish does not have time to
withdraw from the effects of the electric fields into which
the current has brought it., Before the fish can move away
from the field , it receives a further shock the strength
of which increases as it approaches the field, It becomes
increasingly difficult to escape the field, The water

flow must, if at all possible not be turbulent at least

not in the outer fringes of the electrical field. Such
water require the fish to expend energy which would be
otherwise be used to flee from the field.

Finally the effect of the electric field depends on
water conductivity. At high conductivity levels (low
resistivity) a smaller range of voltage must be employed.
The choice of the array of electrodes is in any case dependent
on the conductivity of the water course which is being blocked



since the surface of the electrodes and the resistance

of the water determines the strength of the electrical field,
The higher the conductivity, the broader is the electrical
field and the fish detects the field earlier. At low
conductivities (high resistivity) the extent of the electric
field can be extended only by increasing the voltage, electrode
surface area and the installation of anti parallel switched

pulsing gear.
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If you are planning to place a fish barrier in front of the
intake of a power plant the following must be considered:
1. Detailed working plans of the intake canal,
2. Data on the conductivity of the water with maximium and
minimium values,
3., Data on the topography of the waters around the power plant,
the bottom and the banks.
4, Data on the chemical composition of the water, possible
pollution or {iiFt woedl.
5. Data on water velocities in the forebay, Jjust before the
coarse screen, and three, five and eight meters away.
6. Information on the species and size of aquatic animals
which the barrier is to repel. N
If the cooling water is taken from the forebay by a canal,
the situation at the beginning of this canal (where the forebay
empties into the canal) must be shown in the drafted plans since
the fish barrier must prevent the fish swimming into this water
body.
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We can therefore see that a great number of situations
biotic and abiotic exist which hinder the complete blocking
of a sketch of water., Each fish reacts in different ways at
various stages of its life history under conditions which
depress its general well being. (for example, as the result
of water pollution)

Up to the present, no perfect electrical barrier has been
constructed. These devices are supposed to repel fish schools, alse

member of which are suffering from nervous and metabolic disturbances.
Under the best conditions, one can count only 90% of the. fish to
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display the desired response, Unfortunately this fact is not
well known to the general public. We are taking the opportunity
here to emphasize this point,

The construction of electric barriers, including pulsing
gear should be undertaken under the direction of experts and
from firms which have long experience in their construction.

While the control devices for the pulses differ mainly
in the number and type of the thyristors, the nature of the
barrier is determined by the arrangement of electrodes, their
condition and the choice of materials.’
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Often it is useful to look at the site, It is advisable to
invite both the expert on fish barriers and the local representative
of the department of fisheries to solve possible disagreements
on the positioning of the electrodes at once, and on the spot,

Only when questions 1-6 have been investigated and explained
on the installation of the pulsing device and the barrier electrodes.
construction e£—%he—bareées—aLactyukﬁ§Qi;%;fried out;In most
cases’ by—-the—tssuver of the condtraet to save money. A firm, may
also be engaged to construct the barrier at the site from plans.,
These plans describing the arrangement of electrodes must be

drawn by experts and contain all the necessary details, 1In any

~case everything must be done carefuily by people who know what

they are doing. If errors are made in the construction, these
may cause partial or complete failure of the barrier. Thanks
to modern electronics it is possible to construct good functioning
barriers for all types of waters,

Before discussing the variety of gear available, it is
necessary to ask to what purpose the repelling effect of the
electric field is to be used.
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Meyer-Waarden as early as 1958 enumerated the following possibilities.

1.

The blocking of pump and turbine intakes to prevent
fish from being killed or injured, To avoid this you use
chains of electrodes placed in front of the intake canal
and provided with pulsed current,
These electric barriers can replace the legally required
screens and therefore reduce the bars of waterflow caused
by bars of 2 cm minimium breadth, This increase of- flow
can amount to 20% and increase the useful drop from 5-20 cm.
Fish may be directed to fish ladders or fish traps.
The first applications is possibie wherever there is an
attracting stream having a flow less than that drawn in
by the turbine, The fish swimming to the spawning grounds
are used to swimming against the strgnger current and collect
in front of the turbine and, as a result miss fish ladders
and fish ways.

In the second case, you use alternating or pulsed current
in the cables to herd the fish into traps, This can be
achieved (as described on page 170) in many ways.
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3.

Portable electric screens may be installed in waters
which are difficult to fish, for the herding of fish into
stationary traps (hoop nets, eta) .

Stretches of rivers may be blocked off to impede the
upstream and downstream migrations of fish, This may be
done to protect young planted fish from predatory fish.

To accomplish this barriers of electrodes must be installed
on the up and downstream side of the section of the river.
Very useful is the combination of an electrical barrier and
a %ﬁxggﬁ working on the principle of anodig attraction,

A heek or stretch of a river which has been fished out by
this method and unwanted fish kept out to the following
day when electrofishing is continued. Fish can also be
kept in enclosures consisting of electric screens if they

are to be sold or transferred to other waters. This is
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especially useful in trout culture when broad stock must

be separated. Thus sturgeon, salmon etc, may be held until
sexually mature, Electrically chargsl metal screens, placed
in front of the openings of intakes of underground canals
can impede the movements of mitten crabs and fish into
these structures,

2.1.2
Equipment used today

. Mova bl
The thought "to construct stationary or mexeble devices to

contain or guide fish and other aquatic animals in fiords, sounds,

rivers and similar bodies of water" appeared first before the

first world war. The Dane N.D. LARSEN in 1912 patented this

idea at the Imperial Patent Office,

(Page 10) The patent has the following description:

1. A system of containing or guiding fish or other aquatic
animals in fiords, sounds, rivers and similar bodies of water,
characterized by a direct or indirect connection with a
source of electric current, or by an electric cable, or comofuc—

fing ™Hres peswewle from which the electric current is discharged into

the water,

2. . The type of installation in section 1 is characterized
by either being stretched or floating over the water and
connected directly or indirectly to the main cables provided
with bare wire hanging down into the water.,
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3. The type of installation according to the specifications
of (1) characterized by resting on the bottom and connected
directly or indirectly to the main cable from which bare
wires branch off and are held up by buoys,
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LARSEN in 1912 had not only the idea of builiding a stationery
installation but also thought of the possibility of dragging i
through the water and supplying power from generators on board,

He even mentioned that "the electricity can consist of alternating,
direct, or pulses of current®,

It is not known if Larsen's ideas were put into practice
at the time, Apparently they were not. The thoughts found
no echo since the repelling effect of electricity was used, It
was then the practice to construct electrified willow weirs

' based on the same principle., When the minimum width for protective
thﬂd screens in Germany and America was introduced considerable loss

One i . e i FF &
observec of intake pressure resultedl/ +h rep ell "y e ecé

Kot e - ... _ < . of electric current was recalled,

-F:hes The American J.M, Cobb was the first to construct electric

;2§;au“°'barr1er after Larsen's ideas in 1923, There was considerable
’1‘“&, A terest in this device. At first there was dissatisfaction

with its efficiency since the design of electrodes and controlling
devices were not based on physical, physiological and electrical
principles, This situation changed as American industry and
government research stations developed the basic principles

(footnotes)

1 The Prussian fishery laws of 1916 established that the

minimum separation of screen bars was 2 cm,

2. There has been much research on the harm that turbines
and pumps inflict on fish that pass through them, Approximately

25% of these are injured or killed, They can suffer damage by
7;? cutting Weough e -furh (poOf» ex O inFrackion
01 M,e '/&,-H(orqf C—O’zu.mn . 67 0..‘(,7 a,;., f Q?orv'm_rl-

£ 4—1714737:—744649/’
/7/,

T
( /\—/(J /xb'u

[4, 'orv oll e ,,a/f 72 E-—/ b+ nmer e ./f—l'q'-b e

For ~&1-—f«.n0n O‘f A4 0 oy or

an n . r V)




o>

S 146

The construction of electrical barriers increased in the
following thirty years. The first concern was the guidance
of fish (for example, salmon) to fish ladders when dams impeded
their upstream migrations. Sea lampreys were also diverted into
traps by electric screens during the spawning migrations of these
pests., It should also be mentioned that electric screens were
also installed to prevent the entrainment of fish into turbines
and pumps.

More than 60 years separate Larsen's first idea from today.
The first fish screen was constructed by J. M., Cobb 40 years
ago. Today electric screens are installed all over the world
to prevent the passage of fish into turbines and pumps.

Electric barrier installations consist of a step down
transformer, a central device and screening structures (electrodes).
While the Americans originally employed 60 cycle a.c. (house
current), pulsed current is used today exclusively and is produced
by a controlling device, Pulsing devices were developed for the
most part by the cooperatigé for electrofishing installations
under the JﬁEéiiﬁg“Ek the German Federal E@search\gfation. Over
100 projects have been completed by these two organizations
both in Germany and in other parts of the world., For this reason
the function of this gear will be described.,

The controlling device for an electrical barrier consists
of a transistor controlled thyristor which sends 2-3 pulses per
second into the electrode array. Each pulse has the shape of
a quarter sine wave (see fig. 27) of five ms duration for a
water resistivity of 1000fcm, a positive potential. The velfage
potential lies between 300 and 800 volts according to water
resistivity and the separation of the electrodes, When resistivity
is less than 600N1cm (16.74s/cm) it is advisable to use pulsing
gear; it is necessary to use this for brackish and sea water,




The material making up the electrodes is quickly lost by elect-
rolysis when the current is direct.

When water conductivity is high (low resistivity) pulsing
gear which have an "antiparallel switching" is used i.e, after
each positive pulse, a negative puise follows at the same
interval of 5 ms. By this means corrosion of the electrodes
is minimized,
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This "antiparallel . switching" which produces twice the current
rer unit time - instead of for example, three positive pulses
per second, three negative pulses are sent to the electrodes,
This system is also used when water conductivity is low. (high
resistivity) By this means it is possible to increase the
current density in waters of low conductivity in order to produce
a repelling effect adequate for small fish,

Six types have been designed by the electrofishing cooperatigz,
according to the extent of the waters being screened - '"one
sided", "two sided"; and "three sided" and if advantageous
an antiparallel arrangement,

The schematic diagram of this gear is shown in figure 64.

L2 2 2L 28 23

Fig, 63 One sided, antiparallel pulsing central gear (opened)
I 3 I I ¥ K %

As already mentioned above, all pulsing central devices
function with a maximium of three pulses per second. Each
pulse has a current duration of 5 ms so that 15 ms of current
flows each second; the 'current free' interval is 985 ms,

In antiparallel switched pulsing gear, the duration of current
flow is naturally, doubled, and the §Li§5 now con31sts of 970 ms
per second, In most casesrénly a pulsing rate of~$&me times

per second ebiainable, ?1CCCJIAJ1].
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Fig. 64 Schematic diagram for a one sided antiparallel functioning

controlling gear.
3 9 9 N
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The following serves as an example for those interested in
electrotechnology and is a discription of an electric barrier
functioning in brackish water,

A weirinstalled in front of the intake cannal of a nuclear plant
on the lower Elbe, This installation consists of a "three phase-

ctionin ulsi ear (fig. 6
%/b)m gD ng gear (fig. 65)

¥* X ¥ ¥

Fig. 65 "Three phase-antiparallel™ pulsing device (opened)

3N H K /masnﬁhq?
For alternating current of only pestitive half wave the

following general formula applies.
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If, as already mentioned, a thyristor is used which lets
through positive and negative quarter sine waves (50 Hz) and
the thyristor is controlled by alternating current (2Hz), the
variation in current shown in figure 66 is obtained:

The effective value

L4
1 . fo .1 sin%d«
Iers = 2 u[

2m - 15,

in which f, and fSO are the frequencies of the 2 and 50 Hz
alternating current respectively, i the peak value of the current
(determined by the electrodes) andw= ™ .,

-2
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Fig., 66 A graphical explanation of the formula., The shaded
surfaces represent the pulses. The thick line shows

the changes in current.
2969609 2 ¢

'As a result you obtain

-2~
Iogg = 7.07 x10 ;

The same calculation yields for a voltage
U=7.07 x 10723

The power is therefore
P=3x8x1x0.5x 102 x cos ¥ oy

The peak voltage in Brunsbilftel amounted to 200 volts,
the peak current 1000 amperes

P =3 x 200 x 1000 x 0.5 x 107% x cos')y @
P=1,73 x 1000 x 1
P = 1730 watts

Even a fish shocking array in brackish water, as shown
by the Brunsbii¥*tel . example has a capacity of 1,7 KW. This is
obtained using a ‘physiologically effective pulsed current of
a quarter sine wave and a low frequency to repel fish.

The controlling device operates by a different system

in Russia, Poland and Japan., The electric fish screen consists

of a series of electrodes which are provided one after the
other with a single phase (see Fig., 79). In this inSt%QF? the
arrangement of electrodes is important, According to g

aAuvM

of the Researchjnstitute in Leningrad, a slow use of voltage is

especially important., Experiments concluded by this author with
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a six phase fish barrier (type M.6) show that the electric field
blocks the passage of 85% of young perch and 100% of the adult
fish, (Authors comment: Since all organisms are affected by
environmental pollutants (even fish), then metabolism is affected,
100% blockage is never possible.)//

2.1.3, Electrodes and their shapes

Electrodes are very important components of electrical
barriers, requiring special attention during construction, The
shape and array of electrodes, as well as their composition
must be adapted to the site, Site conditions comprise the
position of the intake structure in relation to the intake cannal,
water conductivity, bottom conditions, water velocity and the
species of fish being repelled,

Only when all these have been considered can suggestions be made |
~y on the type of electrodes to be used. The physiological state
P of the fish must never be forgotten., We know, for example, that
fish in front of an intake structure are oriented tangentally
to the intake current,
ta 2 2 2 X2 X3
Fig. 67 The main electrodes (10) are sunk in front of the
coolwater intake cannal of the Stade nuclear power station
with the use of a floating crane. The opposing electrodes
consist of coarse screens and the side wall of the

intake structure, Coopva 0
Plans may be obtained from ThQ/F/deral Fisheries Research
Institute,

* ¥ I KX XX *

S 152

Trey can only be successfully repelled when the electrodes
are placed such that fish are maintained in the direction of
their swimming,
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In any event the form and arrangement of the electrodes
must be such that the fish are prevented from swimming too close
to the intake lest they be drawn into the pump.

While electrodes and their arrangement are important, local
spatial relations determine their construction.

Two sets of electrodes are always necessary - main electrodes,
and "counter" electrodes. Counter electrodes are always connected
to the basic terminal of the controlling device whereas the main
electrodes are provided with positive pulses, In most instances
the wave screens or medel—!Spundwand" may be used as counter
electrodes, “ g cnf“‘°‘ 7“““”7

If water resistivity does not exceed 1200112nd the depth
where the electrodes are placed is not more than 4 meters,
doubled T beams have served well as electrodes over the past
years., The @ouble T beams (also called T_beams) are mounted on
concrete pyrimidal bases and provided with a joining cable, (Fig.67)

R L LT

Fig. 68 Electrode array in front of the cooling water intake
structure of the nuclear power plant. Obrigheim am Neckar,
¥ I3 ¥ ¥ K ¥ *
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Fig. 69 Changing the intake heads. The old 'heads' are readily

("‘153

recognizable in the picture; the last head of the most recent construction

is being submerged.

Another form of a main electrode is shown in figure 68 near the intake
Obr'ghem
structure of the cooling system of the nuclear power plant at Ghushetn—
on the Neckar. The electrodes are steel rods. Those visible in the
picture serve to anchor electrodes which begin 10 cm below the water
surface. Counter electrodes are about 6 m behind the main electrodes.

In many situations special constructions of barrier devices #sare
advisable. For example the drinking water supply of the city of Stuttgart
is obtained from §berlingen Lake by a pipe 60 m deep n{”tvm intake towers.
One of the Pipesis visible in Figure 69 before being submerged. The

. pumping station is separated by 420 m from the intake structures. In
spite of the depth of these intakes a considerable number of young fish
are sucked J'.n; for this reason repelling screens were necessary.

S154 Two screen baskets were used as counter electrodes. The author, for

FHOF  gmmsgc Arrot

this reason recommended”the ab¥aylof electrodes shown in Figure 78be

ossembled
constructed. They were first eemstruetad on dry land and then installed

at a depth of 60 m on the towers. Each pair of electrodes consisted of

rocia 11y
two insulated rin_gsvfrom the electrodes wadimte. The rods alternate
phose .y THu? Coye

between the R%d S= phasef which, in this case’equal 0, amd—are

]
connected to the controlling device. Electrodes for the second tower
are built in the same manner except the rods are connected to the T

and S phases. The controlling device is a two part pulsing gear

. which works with phases R and T..
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Fig. 70 Working drawing showing the array of electrodes for the drinking

water intake of the city of Stuttgart. A and B are charged with

positive pulses. C is 0.

The ball-like towers are protected from corrosion by spraying
several layers of plastic coating. For small intake pipes, the intake
is only screened and no special construction is necessary. A simple
screening electrode (Fig. 71) may be placed in front of the opening
and connected to the positive side of a pulsing device. The pipe itself

the ppé /3
serves as counter electrode when it is metallic. If'%lastic metal
plates may be fastened on the left and right side. The rods of this

vowaords .77 4
electrode which are bent aewe in an angle of 45°y end just below the

water surface so that ice flows or driftwood cannot easily dislodge them.

Fish repelling installations have been described up to now but the
icde aund
same control devices may be applied to¢tatch fish in stationary nets and
welrs. Such a weir to catch and subsequently kill sea lampreys is

shown in Fig. 72. It employs 8 pulses per second. Also guiding weirs

have been set up in Canada to guide salmon migrating upstream (Fig. 73)

aw o pral*ecL e {X/f'*‘ W —\'2701.«0 ~-d¢¢£.wc‘ rooww Flaliov.

Fig. 71  Covering electrodes for an electrical fish screen

Fig. 72 Arrangement to catch sea lampreys in North America

It was shown at the beginning of this chapter that not only the
form and arrangement of electrodes are important in gemerating a good

repelling effect but also the selection of materials, A fish weir
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does not fulfill its purpose if its electrodes are quickly destroyed
by electrolysis caused by the high conductivity of the water. The
electrode surface being corroded loses its effectiveness. In sea and
brackig¢h waters substances which are resistagz;'to corrosion must be
used. Galvanized iron or steel while suitable for fresh water, cannot
be used in sea water because of electrolysis. Table 9 (Halsband)
summarizes the durability of various materials making up electrodes
Cons/srg O
energized by pulsed current) positive and negative quarter sine waves.

Experiments were conducted in glass containers in which each

electrode was immersed 100 mm and had a diameter of 31 mm.

(TABLE 92)

Composition of substances used as electrodsurfaces

Electrode No. Material Thickness Coating Treatment
DS o o pe . g
1 Aluminum
1.1 0.5 " Without sealing
1.2
) 0.5 Incorporated graphite

particles.

0.5 With carbon coating
B 0.5 Scaled with wax
1,5 0.5 Organic coating with

imbedded carbon components

up to 80% saturation.

2 Aluminum

Magnesium

Alloy
2.1 0.5 Without sealing
2:2’ 0.5 With incorporated

graphite.
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TABLE 9 - continued
2, 3 0.5 With carbon coating
2.1 0.5 Sealed with wax
2: 5 0.5 With organic coating

and imbedded carbon
components up to 80%

saturation,
3 Chrome nickel
quality steel 0.5 With incorporated
}' 2 V+ R graphite
3.3 0.5 Carbon coating
3y 0.5 Sealed with wax
55 . .
0.5 Organic coating and
imbedded carbon
components up to 80%
‘ % . Leczo( saturation.
' ) 4.2 - 0.5 With graphite incorporated
H.5 0.5 Carbon coated
Lt' t 0.5 Sealed with wax
L{l; 0.5 With organic coating
and imbedded carbon
. particles up to 80% 2
saturation.
(et ,oqo(dlng M
4.6 0.5 Without ¥Stahlhaftpolste®
organically coated by
(-f‘\'l/ ' Wil 5Ll Y)ae&a(“v ) Onganic
Coé{fﬂ'hg_ wibh  Graphite et
C a~r oo
Conpro.—
5158 Fig. 73 Electrical fence to guide downstream migrating young salmon Faa-.ys
info cm/-othf rislall o Loy
e
S158 At least three pairs of electrodes were tested under the experimental

conditions outlined below. A container (35 cm x 22 cm x 24 cm) was

. filled with seawater and electrodes of the type listed in Table 9
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inserted and connected to the type of control gear. The control gear

was set at two pulses per second. The dividing point of the voltage

amounted to 260v. In all,twelve experimental tanks were constructed.

The total peak amperage in these tanks lay between 600 and 800 A. It

was not possible with&uch a largenumberofexperimemtal—tanks to work 2r¢S5

a J'rcnl—(.( Viu-bu

€:£~—fle:fi////ﬁ%ince at these high current pulses senitive instruments and controls

were disturbed.
Conductivity of sea water lay between 50,000 yS/cm (eesistivity——-
9 20 Ohm-cm ( £ 400 Ohm - cim? |
}66—oh® cm) 7and 10,000 qS/cm(ﬁ-'endlng on the weather conditions of the
day of water intake. A cooling coil was inserted in each tank because
of the temperature increase caused by the flow of current and to minimize
5159 correlations between temperature and current.
i trere
' Peak current and temperature of the sea water was measured at
regular intervals and, in each case, conductivity and temperature were
recorded. The effective performance was calculated from the recorded
eak current values.
P _‘-m.”ql-

0f all the electrode coatings tested lead showed neffg;rosion ool
Ve una beral Laol Me  Corveiion
fee tatle 9' whemr—=appIted t5 electrode NO. &5+ Electrodes No. 1.1 to 3.5 which

No. 4,5 J displayed the longest 11};\:(474 hours¥,were not suited for sea water
since they were corroded by the high amperage pulses required in this
medium.
Since the experiments demonstrated that the electrodes coated with
lead could withstand the heavy electrical current,electrodes 4,2 to 4.7
were subjected to additional investigation. Currents leaving the electrode
surface were 60 to 100 times higher than those occurring in practice.

. méonsequently revealed that electrodes containing incorporated
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. graphite (electrode 4.2) show::d a dramatic increase in current after 40
Q. Chou- <

hours which wes indicated -by/the surface of the electrode. The power

requirements of electrodes coated with carbon and sealed in wax changed

little. The exterior of these electrodes indeed showed thaI)after 180

hours in use under severe conditions, little change was evident. These

/

electrodes were notvgnvestigate3<further}since additional experiments

did not reveal any significant change in power used.

Electrodes with organic coatings and imbedded pieces of carbon
up to a saturation of 807 which showed no changes were subjected to
1500 hours of operation.

In summary it was established that lead electrodes which were
organically coated and contained carbon particles are best suited for

' sea water and high current density. These electrodes, moreover, have

the advantage that, by imbedding moreor less carbon particles the
necessary current can be exactly adjusted.

2.1.4. Some tips for the construction forchains of electrodes

S160 Below is some practical advice on producing a good blocking
effect with electrodes.
1. Netathat E;equently it is not a single factor from the living or
non-living world which influences a fish barrierjksa many factors
c/oseod
whieh can offset each other. Consider the conductivity of a -etowd
body of water when part of the water has evaporated (1.e.:u1“m&eyy
v
summer). Intensity of the current remains the same #%-wwen the
alse
surface of the electrodes have beenrdecreased.
2. Make sure that the potential gradient in the electrical field between

plus and negative pole (0 and R and S phase) is properly used. An
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adequately strong field strength (volts/cm) should be maintained. Thepd

y— ————

‘—l‘\
must be(g;front of the forward electrode chain‘a dispersion of the f;;iij)
atl
sufficient for the fisb to detect seme 2 to 5 metres,

3. In order to attain the necessary field strength between the electrodes
and to prevent a loss in potential, the cable connecting the controlling
device and the electrodes must be insulated with plastic. For cables
coated with lead or steel Swere—ramr-bea—105Svf 507 potential can be
’ A When i putier are wlesd .

lost through magnetization and demagnetizationu//The shape of the

pulse may.also be distorted. Cross—-section of the cable should not

fall below 50 [] and the connecting cables over 80 m length even as much
as 96 [J. Controlling device and electrode should be,;;?;onger than

120 m.

4, Chains of electrodes must not be mounted vertically over the other

in rivers as is practised in the USA where electrodes are laid on the
bottom in the form of a ring or a rod with the counter electrode represented
by a chain hanging from the surface. These arrangements produce a more-
or-less vertical field lacking any substantial breadth and consequently

no favourable shocking effect. If the rows of electrodes are placed
parallel to each other as it is in Germany this will not occur. The
electrical field in this instance is wider and the lines of current
Qv o o

betweerr-the electrodes more favourably arranged such that the fish

have difficulty in penetrating the electrical field. The blocking effect
can be improved by arranging the chain of electrodes at an angle of 45°

to the current.

5. Current for the electrode chain is usually supplied at both ends

+o
of the supporting cable. If fish, however, are ¢ovo~be led into a fish
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ladder, the chain must be supplied with current such that the electrical
field gradually attenudfés in the direction of the fish ladder; the
waters in its immediate vicinity are free of electrical current.

2.1.5. Examples of electrical barrier$,

We have often demonstrated that repelling gear may be adapted for
various purposes and it is of extreme importance for the effect on the
fish that it is carefully planned and built in accordance g)/f{’ocal
conditions. Below are examples of some actual barriers as illustrations
of adaptations to the site to prod}xce the best possibleefl’(‘f’

The examples have been chosen from the rich program of the cooperative
of electrofishing installations since we have little experience with the
products of foreign f;rms.

Six barriers in all are described:

1. Electrical barrier in front of the intake structure of the Wurpgassen
nuclear plant.

2. Electrical barrier in front of the intake structure of the Obrighein
nuclear plant.

3. Electrical barrier in front of the intake structure of the Stade
nuclear plant.

4, Electrical barrier in front of the intake structure of the

Brunsbgttel nuclear plant.

5. Electrical barrier in front of the intake structure of the Dow
chemical nuclear plant.

6. Electrical barrier in front of the intake structure of the
Bgtzflefh nuclear plant.

7.  Electrical barrier in front of the intake structure of sme &

power plant in Japan.
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1. The Wurgassen nuclear plant (Fig. 74) has a capacity of 670 MW.
For cooling 28 cubic meters per second are drawn from the river
Weser through 15 grids (Fig; 75). Fish populations, especially young
fish are protected by a repelling electrical barrier. -This prevents
them from being drawn in and from being destroyed on the screens.
Three I~beams, 4 meters from the grids are inserted in the river bottom
as main electrodes, The counter electrodes consist of 28 electrode,
tubes arranged behind the grids. The controlling device is a '"three
sided, antiparallel" switched thyristor. The three beams are cénnected
to phases, R. S, and T. and th goumter electrodes to MP. An anti-

v
parallel switched thyristor’i;“;ecessary since the resistivity of the
Weser is between 130 and 350 Q cm. because of the salinity of the

river. Even in years having low rainfall the resistivity is 70 Q cm

over a long period of time.

"
Fig. 74 Nuclear Plant Wurgassen/ Weser

Fig. 75 Intake Structure of the Nuclear Plant Wgrgassen on the Weser

Tests in front of many fish barriex are made either by the
officials of the industry or government representatives. How this
is carried out is described in the chapter: Checking the Repelling
Effects of Inland Electrical Barriers.

2, The nuclear plant Obrigheim (Fig. 68) has a capacity of 380 MW.
For cooling 11-18 m3 of water from the Neckar river is removed. To

protect the fish population a repe(lling barrier was constructed. In
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the dry years 1971 and 1973 it was not possible to test the barrier
because of poor conditions of the 'white fish". They would not display
a normal reaction to the electrical current. Positive electrodes
consisted of steel rods and counter electrodes were placed 6 m behind
these main electrodes.

The controlling device is "two sided" with the isolated transformer
having a secondary output voltage 450/500/550 volts. Its performance

was tested.

Fig. 76 Intake Canal of the Nuclear Plant At Stade

3. The nuclear plant at Stade has a capacity of 660 MW. The intake
canal is over 100 m long and 21 m wide (Fig. 76). Cooling water from
the Elbe amounts to 34 m3/sec. l 'I'beam:care installed 8 meters
in front of the intake canal (Ips 220) each hggi’g,q& m long and mounted
on cement footings (Fig. 67). These are arranged such that sensitive
fish of the Elbe must swim around the intake canal. The main electrodes
are connected to phases R. S. and T. counter electrodes consist of the
pile 'Olah"f? ‘
coarse screen and the "Spundwand'".t’‘Connecting boxes for the cable are
placed on the intake head. The cables leading to the electrodegare
protected by a speciall70§f. The cable leading to the riverbottom
are protected by steel tubes. In addition chains are wrapped around
the cable by a diver so that they will not be displaced by the tides
wﬁich are strong hexe. @7 Yhss S/)%’

4, The nuclear plant Brunshﬁttel has a capacity of 770 MW. The intake

canal (Fig. 77) is in the Elbe about 130 m from the bank. Water is
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ntakes lying 7.5 m under the normal water level to the
pump house 220 m away. About 35 m3 of cooling water are drawn through
per second. At a distance of 3 m from the intake are three, round iron

‘)y1ﬁ7ﬁﬂ7
electrodes, 200 mm in diameter mounted on cement pyrimids.

At an angle

of 45° to these electrode ape—I;; additional electrodes wer impede the

lateral swimming of fish. These electrodes are connected to the

positive leads (R. S. T.) of the pulsing device.

[
Fig. 77. Intake Structure of the Nuclear Plant at Brunsbuttel

(Lower Elbe).

Counter electrodes are placed five meters behind,these electrodes
in the direction of the bank. 1In all there are 16 consisting of steel
tubes 191 mm in diameter and are fastened to wood with wooden screws.

Main and counter electrodes are connected to a "three sided"
pulsing gear. Because of the high conductivity the apparatus is
operated "antiparallel" to minimize corrosion. The required transformer
is rated at 200 k—¥&T ‘(Vﬁ¥’

The main electrodes (positive) are supplied with a 70 mm2 NYY cable.
The connections are held far above the water to avoid corrosion. For
each four counter electrodes 25 mm2 NYY cable are connected by a
distribution box. The four distribution boxes are connected by 70
mm2 NYY cable on the controlling device.

An excellent repelling effect was found during the test. The

¥
intake structure of Dow Chemical in Butzfleth is in the Elbe far from shore

(Fig. 78). Three pumps draw in the necessary water. The coarse screens
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are hung insulated so that they can be connected to the positive side
of the controlling device. Heavy installation cannot be used since the
installation is flooded. The three pumps serve as counter electrodes.
The electrical supply consists of a "one sided" antiparallel
functioning control device and a 75 kVA isolated transformer. Here also
the results of the tests were good.
6. On the river Oito in Kyushu, Japan a 'three phase fish barrier" has
been constructed in front of the intake of a small power plant. The
barrier does not produce pulsed current but rather emits individual
phases directly into the water from the electrodes. Individual phases
are arranged in a triangular pattern to each other (Fig. 79, a. b. c.)
Voltage is 65 v. This arrangement may be effective for small plants.
Two of the upper electrodes may be seen in Fig. 80, indicated as a.

and c. (Fig. 79) below the control house./AIn the two left cement ‘'noses'

‘ lElectrodes b. and a. are installed.

Above are only some examples of the over a hundred fish screens
built by the Federal Fisheries Research Station and the Cooperative for
Electrofishing Installations. The arrangement of electrodes, choice of
electrodes depends on the water and the nature of the site.

2.2, Installations in the Sea

Since the appearance of the first edition in 1965 many more power
stations have been constructed on sea coasts because of the need for
energy. Because of the corrosive nature of sea water much more
precautions must be taken. The input of heat into our rivers from
existing and planned nuclear stations is already so great that the

establishment of industries on the coast is becoming more necessary.
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In warm countries where supplies of cold waterp from rivers is not
available (In Spain and Italy) cooling water has been drawn from the sea.
Electric barriers have been installed in front of the intake structures
not to protect fish populations but to prevent plant shutdowns.
An example is Té;micas del Beség - the only open air power plant
in Europe. Turbines and generators are unprotected. Total capacity is
450 MW. ‘ondvﬂ’ ;
On three raised demwesdis of 2.20 m diameter 60000 m™ /h of
Mediterranean water are drawn into the plant. At the entrance of each

conduit, water velocity aﬂﬁrﬁfg'to 1.5 m/sec. Salt concentrations

[ ”%
over the year are around 3627/366€ -’ About 8 tons of fish are sucked in
especrally
espeicatdy—-in spring and blockagegp the screens can occur. The common
arc (:

fish species #m the ''Meeraschen'_between 25 and 50 cm in length.

L . 1
Seq - - g‘fa‘f{'“?“‘ .

Fig. 81 Cooling Water Holding Basin at Termicas del Besgg'in Barcelona

The cooling water is pumped into a long $4zMULSIWArer holding pool
(Fig. 8l)§screens are installed in this basin.

Since the power plant is constructed directly in froni’bf the
Besos estuary, fish migrating upstream occur often in great numbers.
Up to 8 tonnes a day have been sucked up by the pump and have reached sS4
cool water reserve basin. Since the cooling water is continually
chlorinated, to prevent the colonization of the pipes by mussels, large
amounts of fish are killed and clog up the intake screens to the extent
that the power plant is shut down.

For this reason the Spanish authorities commissioned the E%deral
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B.zearch I‘tstitute to construct a suitable fish screen. The gear was
manufactured by the Cooperative for Electrofishing Installations.
2.2.1. Construction of the Electrodes

Two meters in front of each intake pipe an I beam was diagonally
installed. These three electrodes constituted the main electrodes.

Counter electrodes also consisted of I beams which, with one
exception, were secured to an imbedded I beam. These counter electrodes
were placed five meters from the intake structure because of the high
conductivity of Mediterranean water, all electrodes consist of one
material and that is ordinary construction steel. To minimize corrosion
and flaking off of material, electrodes are operated antiparallel. The

6Sen il a A atler

elements of the electrodes are =e t&mmémég“;érmit inexpensive and ready
assembly and disassembly.
2.2.2. Construction of the controlling device

The pulsing gear is three-sided device which supplies the three
main electrodes with phases R, S and T respectively. The counter
electrodes are all placed at the MP. The device operates by an anti-
parallel switching arrangement with six thyristors of the type Bst-N-
25100. To protect the thyristors they are placed in a wind channel
equipped with a wind protection switch. The control is transistorized.
By using phase shifting elements, it is possible to adapt the device
to the local situation by adjusting the width of the pulses.

The controlling device is hooked up to a separating transformer of
250 kVA. This transformer has the following specifications:

primary: 3 x 380 V

secondary: 3 x 60 V/3 x 120 V/ 3 x 180 v/
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The cross—section of the cable contains:

2 x 95 mm2 NYY for each main electrode

2 x 120 mm2 NYY for each counter electrode

Peak value of the pulsed current is approximately 3000 A.

$raditiona/
3. Combination of electrofishing systems with tzadésditenal fishing gear.

Many bodigf of water (ponds, grave pits, deep holes) for many reasons
cannot be fished with conventional gear (weirs, hoopnets, etc.) or anodic
functioning electrofishing gear. In this instance various types of gear
may be combined.

3.1. Stationary electric repealling devices combined with electrified

nets or weirs

On the estuary of the river IndaldQQen in Sweden a type of weir was
experimentally constructed (Kreutzer and Lindroth). This consisted of an
installed leading weir, flanked by two movable wings 3 x 3 x 1 m leading

into metal traps of 10 cm metal screening (Fig. 82).

Fig. 82 Electrical arrangement for catching young salmon in Sweden

(Kreutzer and Lindroth)

The purpose of this year is to catch young salmon, swimming upstream.
To increase the catching effectiveness the gear was submerged under the
river and both alternating and pulsed current was used. The middle leading
veir serves as a positive electrode and the two wings as negative electrodes.
The middle weir has a net section which is not supplied with power so
that the area in front of the trap is not electrified. A metal rod may

be inserted in the trap and supplied with direct current. The wings and
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the electrified alternating or pulsed current middle weir have the function
of forcing the fish in the immediate vicinity of the trap. After
swimming into the trap they are killed with current supplied by the metal
electrodes within the trap.

The electrical field is produced by a direct current generator
(250 V and 20A). The rectifying components consist of 6.5 kVA, primary
380 V, 50 periods per sec, secondary 250 volts at 20 A load. In addition

condenso/s

a gopdaser of 6 kVA serves as a current smoothing device. The construction
of this electrified system resulted in catches essentially better than that
of unmodified weirs.

There are similar systems on the rivers flowing into the Great Lakes
in America to prevent migrating fish from swimming into lethal electrical

(S Jomoreys)

fields. These fish are dangerous ectoparasites of other fish (Fig. 72). The
find mesh screen of these weirs serves as an anode. The cathode consists
of a metal net strung across the surface of the water. Both electrodes
are energized with square wave direct current pulsed three times per second.
Thus the fish swim in the direction of the anoJe and are attracted to the cage.
3.2. Movable repelling devices and anodic catching gear combined with

electric nets

In heavily travelled stretches of water (eg. the Rhine) it is not
always possible to construct stationary electrofishing devices. Movable

s/ tvafions
devices are advantageous in these &itwaddens, Shipping traffic is greatly

reduced during the night and shocking, and 17 00T €xarp/€

which 15 onty ollcwed durmg dowrsreasrm DoSsages
she Shocking ne? r5 elecrrifre .
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A "shotker" is a boat which is usually anchored at the outer curve of
the river where the water is deep. It is usually stéhoned about 20-50 m from
the shore. On one side of this boat a net having an opening 6X12 m. is fastened.
(area 72 m2). The net produces a standing wave in the flowing water which
warns the fish so that many swim away from the net opening. For this reason

the net is electrified to block the movement of the fish away from the net

4

opening. ;; 7

Construction of the uiehiwns weir 7‘0 /600/ ':/5é

werr =
The following¥was constructed at Gernsheim on the Rhine. Electrode chains
were
are stretched from the upper and lower beams as well as to the middle of the
Y wos

river such that the inner angle #s 30°. The inner chain extending to the
middle of the river is 100m long; the outer chain in 45 m long including the
anchorage. The counter electrode consists of a steel cable installed about

ﬂ%ﬂ’/
Sm in front of the net opening. In this sas /the catching area is increased

from 72m2 to about 250 m2. Moreover the barrier chains, as described above,

act to guide the fish to the opening of the net. Current is supplied by

12.5 kVA'three phase current generator with a VW industrial motor a transformer

Fig. 83 Power supply for the electrified guiding weir.

Fig. 84 Paying out the steel cable of the electric guiding weir.

and a thyristor 3 phased pulsing gear (Fig.83). Figure 84 shows the
mere/ /ey,

guiding weir being pawed—ewt. Since the depth of water in the experimental

reach of the river was more than 6m. 7(/73 uwe/) was ’et"’/'m/ Yo

she boKom by 3 siee/ cobtes (7%/mm Orometer) P
f(,oara/eo/ -éy e ovsTance of I erd oo verree b4

o doch oFber
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In this way the steel galbe was almost stretched over the bottcm, the
second and third at the same time 2m over this. In order to maintain the
separation between the cables and to stabilize the arrangement, the

T %
individual cables were connecte 10:::; to small cables imbedded in the

bottom. In the upper end of each of the 6mm cables, buoys were attached to

cobles cobles
float the calbes. Fig.85 shows this type of shocker” +4he cadbes leading to

the bank are visible .nhzgg,the pulsing gear and jghe generator’ar-e—a-is-i-bie.
Using this system it was possible to increase the catch’ egpecially of
eels more than 100%.
In the chapter "Application of the anode effect of the electrical current
in freshwater" the procedure for estimating the population is dfscribed.

' The method described here may be applled';:: busy waterways{to sample the

o

fish population;which would not be otherwise possible.

o~

Fig. 85 The shocker employed in the experiment. The cables leading

to the stationary gear on the bank are clearly recognizable.

FUCc@IITIIY
S 174 The 'pull net' has also beenYelectrified with—puceess in the federal

p‘
fisheries research station, by the]_:s'titute of&ar lechnology.
G. Freytag, W.Horn and R. STeinberg write:
"Inland fisheries and other branches for years have operated with the need
to catch as much fish as possible with a minimum of labour. As a contribution
—
to this goal the Esﬂutute ofGear t’echnology has developed a series of trawls.
Basically #here—imwe—econsisted aof a so-called two-ship trawl i.e. a net

’ pulled by two boats with the horizontal spread determined by the distance

‘Separating the two craft moving parallel to each other. The resistance of
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of the pi2TTr—boardd is greatly reduced so that the power of both boats acts
or the net. For this reason a relatively large net can be dragged by craft
with small motors. #
Becayse of 7he /mporioncé 6

_Sipee the eel fishery iswme-impesiaat a special kind of net was constructed
and tested. From the beginning this net proved effective. Moreover the net
can be handled by a total of two men. It consists of a double flapped seine

Wiolth

encompassing 800 mesh...... with mesh 40mm wide in the front part of the net.
The wings were 200-300 mesh long. Mesh width in the back net and steert-is
24 ym.

Experiments were begun in 1970 with the purpose of combining a® eel seines
and electrofishing to extend the season and to improve the catch.

The gear used at the institute consisted of a motor generator, pulsing gear

cofle- —
and a cable drum for 200m of e=ibe. 'E!‘l'e"fransfer of energy from boat to net was
achieved by an independent tow cable held in front of the net and supported
by 5 floats, 5m apart from each other and kept off the bottom. This prevented
cable

a repelling effect. The cwdbe is attached to the corner of the net through an

eyelet. The electrodes are fastened to the top (anode) ardd bottom (cathode)

hawsers.
Fish calthes
Cateh using an electrified eel sedwwe z‘rawL, Ve
s
Show by
The former experiments towdemenstratd’by comparison the more effective
Jo 5 wrth Frowl /- o7
method ¢f catchimer eels Py an electrified eel .seﬁm%,%onducted with the

special purpose of extending the normal season. To make comparisons valid local
conditions and different times were taken into consideration,
y
1. Lake Ratzeburger (Lake Kuchen) 3/5.5 1970
At the time of the tests water temperatures were so low that no eels

convertiona!
could be caught with cemwertimal gear. In spite of the short experimental period.
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and the small number of hauls there was a pronounced tendency for an increase

e e

of catchtwéehfrespect to eels perch, %Pd pik% with the electrified net.

ymberr
Table 10. Average catch per hour_in Lake Ratzebg}ger (5 hauls) with

— With electricity. “-'5'3’ "’/ﬁ‘ Hfrh * Weryslisch W

kg 7X
2. Lake Steinhude¢25/26.5 and 27-29.10.1970 o usds

hude
The two consecutive investigations on Lake Steinfﬁﬁﬂ'yielded, especially

in late autumn, a definite increase in catch with the electrified eel seine.

Table 11. Average catch per hour in Lake Steinhudeon 25/26 May 1970
(10 hauls)

with electricity ———-e%}s, pike ~perch, white fish (3b™)

. " s Ar so 6
without g1 o %w ¥ ora oS

% ?6!
Using the electrified eel trawl befgg the limits of the season, showed,
in comparison to the results in_@ie superiority of this type of geah

Water temperature in this relatively shallow lake had decreased to 7-8°C.

Table 12
Average hourly catch of comparable hauls in Lake Steinhude

eels pike perch white fish

(number) number pounds
With electricity 61 35 820
Without * 3 14 520

’"” ’
The size composition of the whitefish catch shows a selective influence

in favour of electricity.

EcMern Farele
3 Lake Witten (Echevfurﬂe«dé;trict) 30.11-2.12.1970
Trials Frow/

Friats with an electric eewl in Lake Witten were extremely successful with

hourly catches of 50 kg of eels.—w¥Much more than expected for that season.
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comparable
Average hourly catches of eempirable hauls in Lake Mitten in December

1970 (2 hauls) — e
The Size €Ompeori?on oA 75 T uhTef1rh CoXes HesTretes YA€
Colechiity oF Ahe Qecr with LESpect 0 I/Zc a

eels(numbers/ whitefish (}0 ot ol e/
with elctricity: 141 1180
without Y 7 1900

W Morone

F- Aakxe Wiles (LckersYorde Sis7n/ P Wb T =—=7. » ?

” "
€ experiment had to be discontinued when large numbers of Y#¢ng Mepym
Fo profect? Fhem ror 7A€ imporig-iy

appeared sinply there—ace ''bread amd—b0OTTETr -fish .for the fishermen

Summary of the experiments to date

- )
W?waua é’;’fﬂﬂ//y :ﬁc o i PP Qeesc i
- e cateh /M Ca~? L’C wed €C o“a“qo'cﬁ’, &

. sh wake .
2. Fish catches may be =i electrifying eel dragnets.

ih Oy e JC
beyarnd
Eels may be profitably harvested . gut—of the normal season.

3.

4. The catch of fasteswimming fish (ex. pike-perch) may be increased

with an electric trawl.
'T‘,,UG Yrow /
Prere trials demonstrate that the effectiveness of the eel dragmet is
combirn
increa§ed by combindning it with an electric field. This provides the inland

fishery.an_a.i-ﬁee%i-ve—t-oo&—t-o—harveSE [Y-Bu-3
T Pawuls ‘ _
Deaprets are also electrified in Poland, the@erman Democratic Republic
Wov
and Russia’where Shent jakROTT of Leningrad has conducted many experiments o

3.3 Hager's Cathode Net

Master fisherman Hager of BraunaM, Austria has developed a method which
combines shgcking and catching effects with traditional fishing gear. Kathode

nets rather than barrier chains are used. It consists of a simple stationary net

in which a copper‘wire is woven into the lead line and connected to the negative pol
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of electrofishing gear. A custpmary metallic catcher forms the anode.(fig.58).

In large bodies of water two catchers may be used.

Fig. 86. Catching fish with Hager's cathode net.

eth%ayecl
In his experiments Hager originally epessesy 2kW direct current apparatus

but later switched to pulsing gear. The following technique!;gsﬁsed. The
cathode net is stretched between two boats and dragged upstream toward a
stationary net which blocks the stream 100 m below the cathode net. At the
same time the catcher is immersed in the vicinity andystuno the assemblage
of fish which is then removed. Those on the periphery of the electric field
which do not respond to the anodic effect are repelled by the same field and

congregate near the stationary net.

Those animals which attempt to swim upstream in the direction of the cathode

net encounter the field of the catcher, become stunned and are removed. The

process i$ repeated until the cathode net being pulled upstream is in the

immediate vicinity of the stationary net when the remaining fish are netted from

this narrow confined area.

——————————— Stationary
Fig. 87 An electrified net in water. (from Hager)
Instead of a stationary net at the end of reach of the river where
fish are being removed an electrified '""Wadennetz" has been installed.

Key to symbols

1. Pouch of seine with two funnels 6. Fishermen's Boat
2. Copper braid of the net. 7. Generator (220v,2 kw)
3. Cork line 8. River bank

4, Positive poles of the catcher
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Ey carefully closing off the rgach of the river with the cathode net
v M Aneeyyrm

and skillfully maneﬁ¥;inaffgg—gfgzgrodes Hager was able to catch fish

attempting to escape bet%een the lower edge of the net and the bottom. This

almost 100% efficiency would not be attained with a chain of electrodes.

The cathode net can also be installed in large lakes but these bodies of
water must be fished in sections. Nets are placed parallel to the shore and o
is closed off to prevent the lateral escape of shocked fish.

The stationary net at the end of the stretch of water may be replaced
by a net with a pocket. This works well when there are large numbers of
fish — especially eels - and there is a risk of the fish either escaping
over the top or the bottom lip of the net. This trap net is electrified
in the same manner as the cathode net. A copper cable is woven into the
lead line and the current is supplied by a second gennerator in which the
positive pole is connected to the copper cable. (Fig. 87). You are now
fishing with two electrified nets? the movable cathode net described above
and the trap net fixed in place. Fishing procedures are the same as d@cribed
before. Only when the movable cathode net has reached the wings of the fixed
trap net do the two nets enclose a space. At this point the pulsing gear
energizing the trap net is switched off. The generator supplying the cathode
net is now switched to supply the trap net and fish are removed as shown in
Fig. 86.

4. How to test the field of freshwater electrical barriers.

There are often many complaints that it is difficult toumeasure the
effectiveness of electric fields in shocking fish. These objections are

unjustified.

#

ne




Fish barriers are not products of mass production and must Le designed
with great care. They must be adapted to the conditions of the site (electrical
conductivity of the water etc.). When barriers are installed by following
the plans of the Federal Research Institute, healthy fish populations will
respond in the desired manner to this electrical fieldJ. However, there are
narrow departures from the field sﬁrengths predicted.

There are methods of testing the response of the fish to the electric

field. Halsband, for example, tagged fish with strings attached to ping-pong

‘balls and placed them in front of the barrier. Their movements could be

easily followed,

Fig. 88. Net boxes placed in front of the fish barrier at Aura (Frankish Saale)

to determine the effective electrical field. Length: 8 m; height: .80;

breadth: 1.00 m. ( PH070graph : Holsbord)

The effective field of an electric fish barrier may be explored by
slowly moving a net box containing fish towards the barrier.(Fig. 88)
In channelized reaches of a river or in fish ladder this may be achieved
using an electrical counter. The fish used must be, as in the care of the
first two methods, kept for the preceding 24 hours in a live box to habituate
rhey rmys7
to the water conditions. Needless to say &hawmwct not be used repeatedly

without sufficient intervals between trials.

4.1 Fish lagged with ping-pong balls.

Thread is pushed through the dorsal muscles with the help of a surgical
needle with the loose end corresponding to the water depth at which the fish
swims.- A ping-pong ball is tied to the free end. This technique has been
successful with eels, carp'. ‘lehcl-, | lgea.cu-

Tagged fish are placed 10-15 m in front of the barrier. 1If placed directly
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in the field the test fish will become disoriented’swimming either away or
towards the barrier. The method may only be used when the bottom is free of

snags.

4.2 Testing with net boxes

The net box (Fig. 88.), constructed following C. Kreutzer's design,
containing fish is drawn sl&?&y towards the field of the barrier. Since,
fish, as a rule, swim at right angles to the barrier, the box must be drawn
such that it is at right angles tg£fhe lines of electrical force. The
behaviour of the fish may now be observed — i.e. how they react to the field,
at what distance they sense the field and when they attempt to efcape.

4.3 Electrical fish counters

A good example of this device is the system used in north Scotland to
count fish using a fishway on the power generating station Pitlochry and Clunie
on the river Tummel. The counter works on the basis of the differences in conducti
conductivity between fish and water. It consists of a detection tunnel which

forms the arm of a Whegtstone bridge. Power is supplied by a battery. The

fish swims through two metal annular electrodes in the polyethylene tunnel, {

which is resistant to corrosion and other disturbing influences. The presence

of the fish disturbs, the equilibrium of the bridge causing a voltagg change

which is registered. Amplification of these signals drives a counter. Voltage

across the annular electrodes is kept below 0.8 v to avoid effecting the fish.

The potential difference produced by the fish depends on its resistivity, size
octriyy

and water conductivity. Experiments have shown that twigs leaves and g2¥&}1 have

the same resistivity as the water and are, therefore not registered. The device

can be adjusted to respond to 4ninimum size of fish. Simultaneously size and

number of migrating fish can be determined. It can be adapted not only to
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small spaces but adjusted to waters of changing chemical composition.
Automatic fish counters are used in the U;S.A. with various modifications.
The detector for example can be used as an alarm or to trigger the shutter of
a camera permitting recognition of the fish being counted. Further
modifications make possible the counting of several fish at one time.
The author used s a device to investigate the functioning of the
fish barrier at Wz;rgassen. The electrical field iJfront of the screens
was mapped both vertically and horizontally. The structure of the intake
rhe i fenon e /
structure and its orientation to the river Weser necessitated dmomaddaia-imeean
of electrical field up to 8 m from the screens so that small fish could be diverted.
Electrical field strengths were determined 2m. 4m. 8m. and 10m. from the
intake screen using an oscilloscope. Probing electrodes were adjusted to the

size of the fish.

The example below is for a 10 cm long fish swimming into the intake cannal

at a depth of one metre 2m in front of the screen: 4.0 Vofif
Gm " " oo " 1.2
8m tt " ty " " 1.2
10m " 1" . " " 1" 0.3

Because of a water resistivity of 150 8¥cm on the day of the tests a
voltage of 0.3 to 0.4 V. across the electrodes were necessary to shock the
fish (2.56 ) .i.e. at least 8m in front of the screens the field was still
strong enough to divert the fish from the intake structure.

IgSpringvl971 tests were conducted in the presence of a representatives
of the industrial minist{r&, employment and social ministry of the province of
NortheRhine Westphalia as well as land administration office of Lower Squnx,

Frncberny ossocralrion
(Also pregent was president‘;Aaaaharg of the fishing ameseeiaisen. Eels tagged

with ping-pong balls were placed at the beginning of the electric field under

conditions of full pumping operation to test the effectiveness of the barrier.
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The water works office of Hameln kindly supplied a boat for our use
which lay about 40 m above the intake structure and anchored 15 m from the
bank. The author released the tagged fish and observed their reactions as

Swanm

they esisw around the intake structure. They were cut free from the celluloid
]

observaton , _
balls after the ebweuatdion period was concluded. All eels without exception
were repelled 10 m in front of the intake. A small eel, (app. 150 g) for
example, swam in the direction of the intake structure and, as it sensed the
first impulse, swam 50 m further upstream. This was a considerable effort
for an eel especially when it had to pull a ping pong ball fastened by a 4 m

nylon cord against a current of 3 m/sec.

It was important to measure the ""stride'" voltages in the field to protect
~ .
The 37r/0 vo/lcoe /5 +5e porento/
human swimmers and boaterse e go,o95 748 Sodly 0P a humran m Fhe wolers.

Fields were tested with electrodes separated by 2 m. At a distance 50 m
from the screens a voltage of 0.4v was found. At 12 m the 'stride' voltage was
10 v, at 3 m - 60v and at 2 m, 80 v. The measurements determined whether the
boatsman was in any danger from the barrier if he fell iﬂeZhe water.

5. Electric stunning and killing systems

These systems have the purpose of improving the efficiency of traditional
gear, the destruction of harmful organisms, the painless killing of aquatic
animals and prolonging the shelf life and quality of edible fish.

The application of these systems are varied and each system must be
constructed in a different way. All must cause the stunning or subsequent
death of the fish. Alternating current of 220v or rapid pulses must be applied
to electrodes close to the animal. Otherwise much of the current is lost to

the surrounding water and the effect is reduced.
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The physiological processes occurring during stunning and killing are

described on page 202.

5.1 Examples of stunning and killing devices in freshwater fisheries

Examples of these are installations to kill mitten crabs and sea lampreys.
Devices are also used to painlessly kill fish in the trade.
5.1.1. Mitten crabs

The firm Sommer and Meister (Leip:ig)‘ have been developing electric
gear to stun and kill this species. Before the second world war they used
a stepdown transformer which converted 220v to 4-8v. applied across. two
chains. These consisted of ca. lmm brass wire coiled around a round rubber
core about 7 mm in diameter. Separated by 8 cm, by transverse metal pieces
2;1 had a separation of about 10 cm and provided the ladder with some rigidity.
This arrangement also prevented short circuits. The length of the barrier chain
which was laid from the bank along the bottom at Lauenburg on the Elbe was 15 to

25 m long. (Fig. 89)

Fig. 89. The electrode chain of a mitten crab barrier at Elbe/jauenburg.

From Sommer & Meister. (Photo Tiews)

Since this installation only partially fulfilled the objectives a new
d-cvc(—ﬂr el
device was devised By Kreutzer after the war. Alternating current interrupted
by a switch on a cam shaft. (Figs. 90 and 91) Another gear developed by

Wentorff worked by the following principle: Alternating current from the mains

is transformed into direct current and interrupted by a system# of relays and

condensors.

Loyien burg
Fig. 90: Control box for the electric mitten crab barrier at kwumberg on the

Elbe. @hoto Meyer-Waarden.)
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Fig. 91: Chain of electrodes of the mitten crab barrier according to

Kreutzer.

This produced pulses lasting 2 ms having relatively steep and trailing
edges. Kreutzer's device lost considerable current to the waters of the Elbe
and Wentorff tried to minimize this lost by dividing the chain in 40 m
segments by insulators. Each segment (outer and inner electrodes) was
provided with water-proof pulsing devices. Since the pulsing gear was
directly connected to the electrode pairs at the time it must be enclosed
by a water-proof housing;

Halsband developed a third method which provided an electronically
produced pulsed current of variable frequency and of reliable performance.
The control device was simfiilar to those of other barriers in which alternating
current from the mains is passed through a thyristor controlled by transistors.
Frequencies could be adjusted. Voltages are in the range 300 to 500 v. The

Swr7¢hing.
Shlistalradpin

i #ng scheme of this apparatus is shown in Fig. 64.

Fig. 92: Arrangement of electrodes in the mitten crab barrier according to

Halsband. (Explanation in text).

Kreutzer and Wentorff utilized barrier chains consisting of two lengths
of wire fastened to oaken planks and separated 40 cm from each other. Halsband
cobks
employed four wire &adbes. It has been shown that the mitten crab, a well-
known bottom crawler can move over the chain without causing a short circuit

with their extremities. For this reason Halsband introduced a second pair

of electrodes between the two already present such that each inner electrode
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was separated about 16 cm from the outer. (Fig.92). Two electrodes were

thus created two external which were weak and a middle field 4 cm in width,
The middle field was made especially strong since the mitten crab would
migrate to the middle during the pause in the electric current and pass

over the outer part of the‘{ield without injury. With Halsband's modification
the crab would be exposed to the strong intergior field aand would either

o;:bo
be killed or have its extremities extended which would lead to its death.

Fig. 93: Combination electric fish and mitten crab barrier in the Elbe

at Hamburg. (Photograph by Halsband)

The same principle has been applied to a barrier constructed by the
provincial fisheries association of Schleswig-Holstein in the vicinity of

Nordfeld on the Eider river (130 m wide); -&&wre the Eider at this point

becomes brackish. Otnol .(,Qc.rcfowc o A00 l(wl ~ drow. g For mer
40Q> ALo e

Footnote: Dimension of the planks 400x80x30mm. To prevent them fram
being moved by the strong current they were anchored at intervals

of 10 m with heavy stones.
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A similar functioning mitten crab barrier has been installed in
front of the intake canal of the BP o0il refinery in Hamburg harbour,
This device works in the same manner described above ut also includes a
fish barrier in its design (Fig. 93). The controlling device includes two
electrical circuits which are independent of each other one for fish and
the other for the crab. The pulsing frequency is different for each.
Arrangement of electrodes for these two groups is also different. The
fish barrier consists-of pairs of electrodes hanging in front of the intake
and the crab barrier rests on the bottom as lengths of electrified cable
between the rows of electrodes. Thus two electrical fields are created-
vertical (fish barrier) and horizontal (crab barrier) as well as a combination
of these two fields (Fig. 94). Because of this combined field no crabs,
smelts, glass eels, and otber small fish penetrate the 30 km long cooling
system of the refinery. Before the installation of the electrical barriers
the pumps had to be throttled to remove ajuatic animals that swim into the
intake canal are held back by this combination barrier. This is probably
the highest attainable value for an electrical barrier (page 142). A
100% blocking is impossible for biological reasons since other factors
can influence the electrical field in a negative manner. In stopping
mitten crabs various water currents in the river can interfere with the
action of the barrier. Not only must the horizontal rails be placed on
level bottom in such a case the voltage does not collapse which would
happen when alternating current was used; only the charging time is
shortened. This, however, has no affect on the physiological action of
the pulsed current and consequently no effect on either the narcotizing or

lethal effects.
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5.1 Installation of electrical killing devices to increase the quality
of fish flesh.

The idea to improve the quality of fish flesh as well as the storage
life was conceived by KUROKI in Japan and MEYER-WAARDEN in Germany about the
same time. The later noted that workers in a tuna processing plant could
easily distinguish between fish killed by conventienal means and those
killed electrically. The workers were guided not by the initial colour
of the flesh but by the better consistency of the flesh as well as the
prolonged storage life of those killed electrically. After similar
observations made on sardines treated in the same way and in the Japanese
investigations mentioned above the author with FR.BRAMSTEDT with the support
of K. TRAUTNER and H. THIEDE investigated the electrophysiological and
chemical physiological processgs going on in the body of a fish when killed
electrically. Facilities for this investigation were provided by research
groups of the food industry.

Investigations were conducted not only on freshwater fish (trout) but
also on marine fish (sardines, sardellen plaice, Baltic sea cod). A group
of fish were killed by a blow on the head and a comparable group killed
electrically. 1In each group some fish were killed when relaxed while others
were pursued in the tank before slaughtering. With the marine fish the
experiments could not be carried out so systematically since the test fish
had first to be captured in an encircling net which certainly caused
considerable commotion. In the first trial (sardines) it required at
least half an hour before the purse of the net could be hauled on board the
ship but they must be raised to the surface and inspected from time to
time since the possibility of siltation is great. It was necessary in

the River Elbe to lift the barrier once a month since even thin layers
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of slime or sand can greatly reduce its killing effectiveness.

5.1.2. Devices ;o'stun and kill for pond culture, eelsmoking operations
and the commercial fish trade.

Recently developed devices to kill fish in pond culture are used to
kill fish (carp, trout, eels etc.) for retail sales with a minimum of effort
and time. Catching the fish with nets requires much time which i;: especially
inconvenient in winter. The customary method of knocking the fish over the
head often requires several blows to kill the fish. Eels being slippery,
often wriggle out of the grasp of the fish culturist. A further simpli-
fication is the application of electrical killing devices when great numbers
of "portion fish" (eels etc.) must be slaughtered for smoking, freezing of
for hotels. Ready for the kitchen. In . this instance the fish are placed
in-an electrified vat for killing. The Federal Fisheries Research Institute
has constructed a very simple device for this purpose of interest to the
industry.

The killing device described below was built :by the co-operative for
electrofishing gear following advice from Halsband. Each killing device
consists of a switching container and a killing container. §Size depends
on the number of fish to be processed. The killing container is a plastic t)CU‘
with the electrodes built into the sides. The container shown in Fig. 95 is
0.85 m high, 1.0 m long and 0.80 m wide. The only visible electrode is that

attached to under the cover. The other electrodes are fastened to the bottom.

— — ——— ——

Fig. 95. An electrical killing box. See the text for details. (Werkphoto)

5.2.1 Electrical Stunning and Killing of Tuna Fish

It has already been mentioned that tunas are caught by hook and line,
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in the North Sea, off the French, Spanish and Portuguese coasts - and as
far out as Cape Verde. This method is based on the principle that the
fish are caught by a baited hook suspended with a float from a fishing
rod. The disadvantage of this -method is the loss of 50% of the fish which
work themselﬁ”loose from the hook. The fish which remain on the hooks
often struggle for half an hour before death and this impairs the quality
of the flesh. Electrified hooks shorten the time to die and reduce the
number of fish which escape. The system works in the following way:
The long line has a core consisting of a thin flexible wire energized by
an electric pulsing device on board the ship and in turn connected to the
hooks. When the tuna takes the hook it 'senses pain and attempts to escape.
The tug on the line completes the circuit and the current flows through
the copper wire of the fishing line into the hook and from there into the
body of the fish. From here it returns to the cathode which may take the
form of a metal plate fastened to the side of the ship or the propeller.
The problem is technically solved in this way: On board a diesel motoer
(at least 100 h.p.) drives, by a belt, a 35 kVA three phase alternating
current generator as a power source for a pulsing device. This device
provides pulses at a rate of 40 - 120 per second adjustable continuously
and capable of a peak voltage up to 400 v.. The pulsing device is provided
with a distribution box which offers the capability of energizing 35 hooks
at one time. (fig. 96) 1In this box a relay is available for each hook
which can be attached by a seawaterproof bayonet connection. 1In order to
prevent the angling lines lying on the deck from being electrified an
arrangement has been developed which provides current only when the hook is

immersed in seawater. The optical controls near the safty elements are
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also present. An isolation transformer of & kVA having a primary coil
of 220 V, 60 Hz and a secondary of 200/300/400 Volts. 1is also installed.
Morevover in the control box an additional transformer 200 v / 24 v provides
protection and is activated by a microswitch built into the lid of the box.
This microswitth is necessary to prevent an undetectable disturbance of the
electrodes caused by opening the lid. The voltage in the killing chamber can
be regulated by the control box separated from the former by at least two
meters, when the top is closed. If this top is unintentionally opened
before the current in the killing box is turned off the current is auto-
matically switched off.

The killing box may be made of plastic at a series of sizes up to
1.50 m x 1.0 m x 0.85 m. For these dimensions it is advisable to install

a three-phase connection for the control box since three electrodes are

attached to the ends of the killing box and must be provided with single phases.

The electrodes under the cover are connected to the MP of the isolation
transformer.

Another device was constructed for the co-operative in Brade (Denmark).
In this installation a tiled trench about 4 m long 1.80 m deep and 1.50 m
deep was connected by a tube of 40 cm diameter which connected the trench
to the tank holding 10 zentners of rainbow trout. The fish were induced
to swim through the tunnel to the trench. If the cover, to which the
underside has the R electrode fastened, is closed the lethal voltage can
be switch on---.

The sieve plate serves as a zero conductor. The killing system
protected by a housing is galvanically separted by the driving net. Up
to 5 t of trout may be killed per day using this arrangement.

This system of stunning and killing fish can also be used in the fish
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retail and wholesale business, to kill fish humanely and legally. As far
back as 1939 the "Nargstat was developed by Siemens-Schuckert. The device
consisted of a container filled with water the narrow sides of which were
covered with electrodes. Alternating current was supplied to the container
by activating a contact knob and quickly stunned or killed the fish. The
stunned condition lasted from a few seconds to several minutes and the
time in which the fish were slaughtered was sufficient for this purpose.
MEYER-WAARDEN used the Narcostat to tag eels. Fish are narcotized in a
similar manner in England and America before tagging. In these countries
110 volt alternating current essentially serves this purpose and is supplied
through electrodes separated by a distance of 60 cm. Two minuteg in the
stunned condition occurs after an exposure of 5-7 seconds.

According to a report of G. Oesten written in 1898 this technique was
used already in 1890, by his encouragement of thé scientific division of
Siemes and Halske AG, Berlin. Fish were easily stunned at voltages of 100-
200 v. Oesten also recommended this method for the killing of eels.

5.2 Units for stunning and killing in sea fisheries.

There does not seem to be much application for stunning and killing
devices in freshwater fisheries although there is some in sea fisheries.
But also in sea fisheries very few plans have so far been realized and, in
most cases, these are viewed doubtful. Overlooked is the methods which
have been used for several years to kill tuna in the large killing compartment
of the trap nets (Tornare, Almadrabas) on the Mediterranean coast (especially
in Sicily) and on the Atlantic coast of Spain, Portugal and Morocco. Perhaps
the interest of the fishing industry would be greater if it was known that

this method is not only humane but is time and personnel saving. The electri-

cally killed fish have a better quality and a longer storage life than fish
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killed by ordinary means. This is also true for electrically killed

sardines and tunas (electrified tuna hooks).

negative pole of the battery is connected to the relay through a safety

buoyancy switch.

Fig. 96 Electrical device to catch tunafish of the Electrofishing

Co-operative. The device has connections for 35 hooks.

Explanation of symbols

1 - diesel motor.

= PO~ LPWN

0

11
12
13
14
15
16

g

-2
a
b
- f
- h

?

’

enerator

4 volt battery

bove deck

elow deck

ixed electrode

and switch

safety floating switch with a waterproof pressure switch and
supporting spring. lenght: ca. 20 cm, diameter: ca. 5 cm.
control wire

catching wire

plug and outlet

fuse for control circuit

24 v relay

17 - main switch’

This safety buoyancy switch (Fig. 96, No. 10) fastened to the rod connected

to the hook interrupts the current flowing to the relays. The connection

can be restored through the highly conductive seawater thus allowing the

relay to function to send the killing current into the fish. The positive

pole of the battery is directly connected to the relay. Since numerous

hooks must be set out from the ship at the same time and since often several

hooks have fish, an automatic current switch has been developed which turns

the current on as soon as a tuna is caught or one awakes from the electro-

narcosis. Since the tuna has a bony pallet and cautiously takes the hook

t
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into its mouth it is first stunued when the point of the hook works itself
deeper into the mouth, is swallowed or hooks the lip.

The automatic current switch operates in the following way. A rubber
rope is inserted in the angle line near the distributor box and when a
fish tugs on the line this force is transmitted to the spring of a relay
contact which turns on the current. When the tuna is killed or narcotized
tension is reduced on the rubber causing the contacts to open. This process
is repeated each time the fish regains consciousness. Thus only the attention
that one usually gives a string of baited hooks is required. Formerly with-
out the electrical modification this was especially diffecult when many fish
were biting at the same time.

The fishing line consists of a copper wire insulated with a plastic
coating. The '"Vorfach'"g is manufactured in Swedish steél and insulated
by nylon. (Fig. 97)

A smaller version of the above has been developed by the electrofishing
co-operative for sports fishermen. This device electrifies two hooks. (Fig.98)
by a battery-operated pulsing gear delivering 100 pulses per second at a peak

voltage of 300 v.

Fog. 97. Fishing ling Vorfach ¢ with hook and float for electrical
Tuna fishing. (Photo; Electrofishing Co-operative.)

Fig. 98. Battery-operated pulsing gear for catching Tuna. (Photo: Electro-
fishing Co-operative)

5.2.2 Killing sardines with electricity

There has long been a need in the French sardine fishery for gear to
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kill the fish encircled by a net within the space of a few seconds. Without
this technique the vigorous movements of the fish in the net or on board
ship causes them to lose scales. Sardines displaying much loss of scales
are considered defective by the consumer and command low prices. Attempts
to develop such gear began in 1956. Engaged in these efforts were L'Institut
Scientifique et Techniques des Peches Maritimes, the authors, and the Federation
Nationale des Syndicats Franfais de Conservateurs des Produits de la Mer, Paris,
and later certain german firms.

The é&ice which was constructed resembles that used to kill na and
is powered by a three phase alternating current generator and pulsingAgear.
The maximum peak current is 300 amperes per phase. The generator sends the
current by means of a switching mechanism to three electrodes in the water.
One electrode, in the form of a cylinder is fastened in the middle of a plastic
ring and held floating in the bag of the net. The other two electrodes consist
of a right-angled metal screen of about 16 cm2 area fastened to long bamboo

poles. These poles are immersed on both sides of the bag of the net.

Fig. 99: A device to kill sardines electrically.

Key to symbols:

1 - battery 10 - instrument case

2 ~ diesel motor 11 - below deck

3 - generator, three phase 100 / 200 v. 12 - above deck

4 - shield, three pole activated with d.c.13 - battery, neg. pole in water

5 - plug and outlet 14 - plug and outlet

6.— field controller 15 - opposing electrode to No. 13

7 - current converter consisting of a cable, electrode
8 - protective device and a protective screen.

17 - purse sein 16 - contacter - feeler.
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Since the sardines are mostly packed in oil the french consumer wants to
find a flaw less mirror of skin when the can is opened. Because of these
~/

desired optical properties the industry is compelled to pack fish which

have not lost scales.

After the purse sein is drawn the current is switched on for about 10 seconds.
The sardines are killed withing this time. (Figs. 99 to 101)

Sardines killed in this manner lose almost no scales, have firm flesh
and are free from hemorrhages. They are of high quality and a processed
product of great value. With the gear it is possible to kill 150 kg of
sardines confined in the purse sein within 3 seconds. It should be mentioned
that the gear was mounted on a cutter about the size of the sardine catching
ships in the french trade, and corresponded closely in specifications of
these vessels. This gear differs from that used in large vessels in that it

does not require high power generators.

Fig. 100: Generator used to produce the pulsed current for killing sardines

electrically. (Phoio. = Halsband)

5.2.3 Killing Whales Electrically

The idea to kill whales electrically was already conceived 100 years
ago. In 1852 A. Sonnenberg and P.H. Rechter of Bremen obtained a paten
for this technique. It was proposed to install in a whaler a hand operated
induction machine which would electrify a harpoon. The hand thrown harpoon
was connected by a cable to the machine. The hafpoon thus took the form of

an electrode. The opposing electrode was a copper plate fastened to the
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outside of the boat. This scheme which was never practically tested
illustrated long ago the essentials of this technique for killing whales

electrically.

Fig. 101: Negative elctrodes fastened to the side of a boat used to kill

sardines.

Another application for a patent(although the claim is not known)
appeared in England in 1868. The first practical trials were carried out
by the Norwegians in 1881. Details on these trials are not available.
Birkeland's idea of killing whales electrically was revived in 1904, carrying
out of the plans at the time foundered on insufficient technology. First of
all the german engineer A. Weber as part of contract with "A/S Elektrik Hvalskytning
renewed the attempt and after many years of experimentation obtained a solution
in 1934. Weber utilized 220 V a.c. at 50 Hz obtained from a generator on board
the ship. The harpoon he used also had undergone development by Svend Foyn.
A grenade harpoon had evolved from the hand thrown weapon Weber converted the
explosive head of the harpoon into an electrode having a sharp arrowhead
point and two claw like protruberances. This "electroharpoon' was the same
size and weight as that of the grenade harpoon. The rope attached to the
harpoon contained an additional electric cable. The harpoon was again
shot as usual from the gun propelling the grenade weapon.

German, English and Norwegian whaling enterprises used this method to
catch whales up to the outbreak of the second world war. More than 2000

whales were collected.
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Electric whaling developed further after the war, but now the more
effective pulsed current was employed, under the initiative of C. Kreutzer.
While he did not construct any gear he gave many hints to those that did.
He however, was actively involved in developing Pulsing gear for catching

small whales.

Fig. 102: Harpoons used to kill whales electrically.
(explanation in the text) after Weber, Left: harpoon closed, Right:

harpoon open.

S 200 Fig. 103: Catching whales electrically according to Weber. Explanation

( (.

in the text.

Harpoons were also greatly improved after the second world war, R.Marsden,
in England, made use of a 3.4 kg harpoon in many trials in which the shaft
was detachable and separated at the moment the harpoon entered the whale.
The separation is achieved by a split and twisted tip fastemed to the shaft
by a special catch and a spring. (Fig. 102). The electric cable on a drum
is, as usual, attached to the harpoon line.

The principle of electric whaling is similar to that employed in
angling for tuna. A harpoon is shot from the ship from a connon into the
body of the whale and the electric curcuit is completed (Fig. 103). In
the traditional method an explosive charge is placed in the head of the
harpoon which is detonated when it penetrates the whale's body. This is
certainly not a humane way of killing. The time required to kill the animal
{ (‘ usually is about two hours. Sometimes the whale is gravely wounded and

the increase of adrenalin during the struggle decreases the quality of the
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The electrical harpoon method has quite opp@#site effects. After the

flesh.

penetration of the harpoon the whale is narcotized within a few minutes
because of the great surface of its body. In many instances the animal
is killed. Usually only 35 - 60 A are necessary to achieve this effect,

when the shot is in the dorsal musclature. For shots below the vertebral

column, (visceral shots) the current strength required lies between 78 abd 92 A.

If the harpoon is shunted, which occurs when the hook protrudes from the
body, currents up to 100 A and more are necessary. Even when the whale
is only narcotized from the most successful shot death occurs no longer
than 10 minutes.

Electrical killing is completely painless for the whale. It is important
to raise this point here since whales are highly developed creatures having
the sensitivity of other mammals to pain. The animal is not torn apart by
an explosion and the meat is less tough, being in fact tastier than the
flesh of a whale killed in the usual manner. Since the animal does not
bleed no adrenalin is formed in the tissues.

The method developed by Weber in conjunction with the Siemens-Schuckert
plant used 50 Hz alternating current at 220 volts. The base electrode consists

Ofthe ship's hull and the electrode producing the potential difference is the
tip of the harpoon head. The current required is produced by the generator.
When killing by pulsed current a pulsing device is employed powered by a

generator.
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Fig. 104: The shunt arising from a discharged harpoon.

If you compare the two different methods of killing whales then
pulsed current is preferable. Narcosis using the latter method is assured
and followed certainly by death, which is not the case when all explosive
charges are used. Alternating current does not produce the desired effect -
and the animals would dive away. Another ddvantage for pulsed current is
the small amount of current required compared to that required when alter-
nating current is used. Since more reserve current is available in the
pulsed technique narcosis is caused even when the shot is in the bone and
the shaft of the harpoon has not quite penetrated the body of the whale.
Even an extension line formed by the harpoon with the water is incidental.
before they were available for experiments. In the second instance
(Baltic sea cod) we had to transport the fish several hours in the hold
after they had been caught in a trawl until they could be transferred to a
Holding tank in the harbour before experiments could be carried out.

A further modification of the experimental sequence consisted of
not killing the fish electrically when hauled on board but keeping them
on ice and without ice. After the killing they were stored in liquid air.
Later in the laboratory ATP (adenosine triphosphate) and glycogen were
determined in these fish. The less violent the slaughter the highter
these constituents were in the fish flesh. Previous experience suggested
that the electrical killing method 'was the most gentle method. Of all
techniques this method resulted in the least decrease in ATP. Electrically

killed fish displayed, as a result a prolonged rigor mortis meaning that

bacterial decomposition and autolysis occurred later. The details are as

follows. After death ATP is dephosphorylated to ADP (adenosine diphosphate)
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Part of this ADP is converted back to ATP using the energy of glycolysis and

a5

part is transformed through dephosphorylation and deamnination to IMP (
(Inosin monophosphoric acid). The possibility exists that ATP is deaminated
in the first step and the pyrophosphate residue is converted to IMP. As a
result the ATP content becomes less and less until no more ADP is available
for resynthesis into ATP. The amount of glycogen present is converted into
lactic acid and the pH decreased such that the glycolysis enzyme system is
deactivated. After death the amount of ATP and glycogen decreases whereas
the amounts of lactic acid and IMP increases. It must also be recognized

that in death the muscle goes through the process of rigor mortis. 1In living

muscle a large portion of ATP is bound to the protein fraction of myosin.
This combination is responsible for the elasticity and suppleness of the

muscle., In proportion to the breakdown of ATP .



Q" *01 flesh of a whale killed in the usuzl manner. Since the animal does not
‘ '(’ bleed, no adrenalin is formed in the tiséues.
What electric solution has been found to kill whales? The method
developed by Weber in conjunction with the Siemens-Schuckert plant used
50 Hz altern;;ing current at 220 volts. The base electrode is formed by
the ship's hull and the electrode producing the potential difference is
the tip of the harpoon head. The current reéquired is produced by the generator.

When killing by pulsed current a pulsing device is employed powered by a

generator.

Fig. 104: The shunt arising from a discharged harpoon.

If you compare the two different methods of killing whales then
f‘ pulsed current is preferable. Narcosis using the latter method is assured
and followed certainly by death, which is not the case when explosive charges
are used. Alternating current does not produce the desired effect and the
animals would dive away. Another advantage for pulsed current is the small
amount of current required‘comparEd to that required when alternating current
is used. Since more recserve current is available in the pulsed technique
S 202 narcosis is caused even when the shot is in the bone and the shaft of the
harpoon has not quite penetrated the body of the whale. Even an extension
line formed by the harpoon with the water is incidental. In such a case the
voltage does not collapse which would happen when alternating current was
used only the charging time is shortened. This, however, has no affect on
the physiological action of the pulsed current and consequently no effect

on either the narcotizing or lethal effects.
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5.3 Installaticn of electrical killing devices to increase the quality

of fish flesh.

The idea to improve the quality of fish flesh as well as the

storage life was conceived by Kuroki in Japan and Meyer-Waarden in Germany

about the same time. The latter noted that Workers in a tuna processing
compary .

wplany could easily distinguish between fish killed by conventional means
and those killed electrically.//éhe workers were guided not by the initial
colour of the flesh but by the better comsistency of the flesh as well as
the prolonged storage life of those killed electrically. After similar
observations made on sardines treated in the same way and in the Japanese
investigations mentioned above the author with FR. BRAMSTEDT with the
support of K. TRAUTNER and H. THIEDE investigated the electrophysiologiZZi-
and chemical™physiological processes going on in the body of a fish when
killed electrically. Facilities for this investigation were provided by
research groups of the food industry.

Investigations were conducted not only on freshwater fish (trout)

but also on marine fish (sardines, sardellenjplaice, Baltic sea cod)., A
group of fish were killed by a blow on the head and a comparable group killed
electrically. In each group some fish were killed when relaxed while others
were pursued in the tank before slaughtering. With the marine fish the
experiments could not be carried out so systematically since the test fish
has first to be captured in an encircling net which certainly caused
considerable commotion. In the first trial (sardines) it required at
least half an hour before the purse of the net could be hauled on board the

available
ship before they were pyd#abte for experiments. In the second instance
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(Baltic sea cod) we had to transport the fish several hours in the hold
after they had been caught in a trawl uutil they could be transferred to
a holding tank in the harbour before experiments could be carried out.
Afurther modification of the experimental sequence consisted
of not killing the fish electrically when hauled on board bu; keeping

them on ice, and without ice. After the killing they were stored in liquid air.

Later in the laboratory ATP (adenosine triphosphate) and glycogen Wei;7€“+¢r"3:;;¥§;;
[

determined in these fish. Fhe—tess—vielent—the-slaughter a7
o Kl n {R..—ffs‘v e
fish. The less violent the slaughter(the higher these constituents were

in the fish flesh. Previous experience suggested that the eflectrical
killing method was the most gentle method. Of all techniques this method
resulted in the least decrease in ATP. Electrically killed fish displayed,

as a result a prolonged rigor mortis meaning that bacterial decomposition

and autolysis occurred later. The details are as follows? After death
ATP is dephosphorylated to ADP (adenosine diphosphate), Part of this ADP
is converted back to ATP using the energy of glycolysis and part is transformed
through dephosphorylation and deamrination to IMP (Inosin monophosphoric acid).
The possibilty exists that ATP is deliminated in the first step and the
pyrophosphate residue is converted to IMP, As a result the ATP content becomes

less and less until no more ADP is available for resynthesis into ATP.(‘The ,
owd FTP _Arcrease ; Uh, _ valurs increa

amount of glycogen iS_QQnIﬁIted_i£;Q lactic acid and the pH/ég;rcased- Sed

sueh—that~the—g;yee%yeée—enzyme—eyefem—ie—éeactixatedj)'After death the amount

of ATP and glycogen decreases whereas the amounts of lactic acid and P PH- b frg ot

~—

increases. It must also be recognized that in death the muscle goes through
_TherEomes. .

the process of rigor mortis. In living muscle a large portion of ATP is

bound to the protein fraction of myosin, This combination is responsible for
the elasticity and suppleness of the muscle., In proportion to the breakdown

of ATP
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the myosin combines with a second protein fraction -actin-

to form actomyosin. This combination is stiff and unelastic.

The relatlonship among the ATP content glycogen and the

maintenance of quality is summarized in the following account?
The greater the final concentration of ATP the longer

the time necessary to break down the ATP- myosin combination

and the formation of the actomyosin complex. The stage of

rigor mortis is therefore drawn onut. On the other hand the gr

the terminal concentration of glycogen the more ADP can be
converted into ATP with the resulting formation of lactic
acid and the lowering of pH. The lowered pH inhibits bacteria
composition but also promotes the action of proteolytic en-
zymes. Bacterial decomposition, however, plays a more im-
portant role than breakdown by the enzymes and thus an excess
of lactic acid is favourable for the presezzﬁiign of fish
flesh. The quantities of glycogen and ATR’E?E’;;sponsible for
ar fhfluﬂ,ztwl— Cerng 'f""")"'f
the formation of lactic acid amd.this is affected in tuwe s
the activity of the fish just before capture. Since movements
of the fish before capture by electrofishing are very much
reduced 1t follows that fish obtained by this technique have
flesh of higher quality than those caught by other methods.
This applies only to fish which have been killed while in a

quiet condition rather than thrashing about for some time in

a net.

eater

1

i
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Fish flesh of high quality is obtained only when the fish are

first caught using the anodic or repelling effect and subsequently
killed immediately electrically. Once killed they must be placed

in ice as soon as possible. KUROKI provides the following demonstra-
tion?

One hundred and fifty chopped crucian carp weighing each 10 g
were killed by various techniques, (normal and electric). Increase
of ammonia resulting from the breakdown of protein was determined,

aH - Yalue
Protein and «romr-protoimr nitroger was also determined. It was found
that fish killed electrically had a lesser tendency to putrefy
than those killed by normal methods. The release of nitrogen in
electrically killed fish was less.

In addition 24 carp, 100 g in weight were also investigated.

The fish were divided into six groups of which four were killed
electrically and the remaining two by conventional means. Properties
of the proteins were determined by the methods described above. The
concentration of thyrosine was also measured as well as pH.
Significant differences were found between the normall& and electric-
ally killed fish. In summary it may be said that no great difference
exists between the flesh of fish killed electrically and by normal
means. This difference became evident later during the storage
life of the fish. Additional experiments shed light on this
difference. Freshly caught fish are immediately killed on boafd

the fishing vessel by interrupted direct current with a discharge

voltage of 85V at 400 mA. Frequency of pulses was 20 Hz.
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The fish regained consciousness after g%fgéﬁé;ds exposure to
afies D fec, '

this current’but were killed at exposures of 40 seconds.

Experimental fish were mackerel, pike and kihadas.
Values of pH wére determined by a device manufactured
by the Toyo Filter Company. Tests for the consistency of the
flesh were conducted using the Tauchi fish grading method. The
following constituents were determined: glycogen, lactic acid,
volatile and basic nitrogen, volatile and basic organic acids.
Flesh of the electrically killed fish was found to be in
better condition, supporting the use of this technique. More-
over the electrically processed fish showed no discolouration
in comparison to normally killed fish after several days.
Kuroki also came to the conclusion that glycolysis proceeded

at a much slower rate.

6. Other Applications of Electrofishing Currents

Living sardines when used as bait for Tuna are normally kept
in containers and injure themselves by swimming into the walls
and are subjected to decreasing levels of dissolved oxygen in the
water. The Japanese minimize these losses by applying electric
impulses. They achieve the same results as the French and others
who paint the container white and illuminate it electrically.
These techniques cause the fish to swim around in the container in
a tight school.

In Japan it has been discovered that the spawning in Mytilus

edulis can be elicited by faradic stimuli (50 pulses per second).
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A stimulus of 20 V is sufficient vhen applied for 5 seconds.
Sexual products are dropped after an hour and the time bears no
relationship to the strength and duration of the stimulus. The
spawning act 1s natural and the eggs are fertile responding to the
sperm.

S 206 Quality of fish flesh is also maintained in:the Soviet Union
by electrical methods. Fish are stunned by an electric shock and
then placed in crushed ice. Even after a trip of several days they
can be sold as fresh fisheecq-fé**‘vt'

It seems possible to use pulsed current to inhibit the growth
of bacteria. E. HALSBAND and H. SCHEER were able to kill lactic
acid bacteria and other forms which settle on fish flesh. This

b observation suggests that the process can be used to prolong the

shelf life of preserved fish.

Special gear has been developed to catch crocodiles -~ something
necessary in Ethiopia and Angola. The apparatus is a special adapta-
tion of the 3—kW—Mofix gear and consists of a catching anode, the
cathode and a distribution box possessing four terminals for harpoons.
Pulses of current are regulated by a hand switch. All parts of the
gear may be tramsported in a boat which has places for at least seven
men. Operations are conducted at night. Crocodiles are spotted with
flashlights, , It is necessary to approach the animals as close as
possible and endeavour to place them in the range of the anode. When
this is achieved the crocodile which is vulnerable is selected. A

(‘ harpoon is then shot into the reptile using the silent gear and a
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pulse of current applied through the handswitch. If the animals are
stunned the plug of the harpoon is pulled out of the distribution
box so that the harpoon is without current and the wire thrown into
the water. An attached buoy marks the location of the crocodile.
o i

The animals are drawn to the anode, stunned and, after
applying the electrical current killed with the electrified harpoon,
(Fig. 105).

Another application of the effects of the electric current not
directly related to electrofishing is the scaring or frightening of
gullSand other water birds from fish ponds and reservoirs. Since
fish ponds are peaceful and free from traffic, gulls find them a
favourite resting place. To discourage them from settling on the
banks of the pond an electrical device has been developed. A kind
of "fence" is constructed around the pond consisting of metal rods
8 cm apart and 10 cm high. These electrodes are provided with 30
pulses per second with a peak voltage of 35 - 50 kv,

A technique has also been developed by which the changes in
the sensitivity of fish to electrical current in the presence of

polluted waters can be investigated.
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Fig. 105: Electrical gear used to catch crocodiles

~ the Co-operative for Electrofishing Devices

Correlations exist between the sensitivity of fish to electrical
stimuli and their metabolism. When metabolism is elevated fish are
easily stimulated: when depressed the fish are more difficult to
arouse. Metabolic rate depends upon the composition of the surround-
ing water and pollutants. This provides a method of assessing the
degree of pollution in water by determining the response of fish to
standard electrical stimuli.

Testing apparatus has been developed which makes this possible.
Values of pollutant stressed fish are compared with those of fish
living under normal conditions. Threshold values for the onset of
electrotaxis and electronarcosis are recorded. Percentage deviations
between normal and stressed fish provide some measure of the degree
of pollution. The method is quick and easy to carry out and is
applicable for use in the field. 1In any event this method yields
an estimate of the amount of clean water which must be mixed with the
polluted water to restore the normal behaviour of the fish.

Electrical current can be used to inhibit fouling organisms on
the hulls of ships. This is an o0ld method. Edison received a German
Imperial patent in 1890 to produce a blocking electrical field gy

means of surrounding the ship with a ring of floating electrodes.
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The suggestion to place an electrical charge on the hull
making it a cathode to protect it against corrosion and
fouling at the same time was already made 50 years ago.
Earlier experiments conducted by H. KUHL showed that
application of alternating current as an anti-fouling
procedure was difficult to achieve in practice. Since
in recent times the application of the cathodic protection
against corrosion is used very frequently it is necessary
to look at the problem of anti-fouling from a different
perspective. Experiments were carried out on the Elbe
at UHe
river us&ag—%he—shép-"Alte‘ Liebe" of Cuxhaven. Rectangular
pulses were applied and were produced through contact free
switching transistors. It was found that there was no effect
up to a field strength of 0.5 volt/cm in sea water. Since
as ¢ alanus \
the animals growing on the surface of the hull wes=e "Sze—poTREnm
were difficult to see in the water experyéments were carried out
in the laboratory where the cypris and other planktonic larvae
could be observed under the microscope. Their movements were
recorded kinematographically. Observations on the larvae ready
to settle on the hull were especially important since the adults
were protected by a thick shell. The passage of current was
achieved either by two fine platinum points 017(2 mm separation)
or two platinum plates producing an almost homogenous field para-
llel to the surface of the hull. Homogenous electrical fields
vertical to the colonization surface were producéd by a platinum
wire and an iron plate. In the attenuated electric field Ehe organisms
KY+4 a

reacted to minimize the potential across their bodyy their viability

was not affected. This means that only strong electrical currents



S 209

1\l

can be used to protect ships against the settling of larvae on

their hulls.

Electrofishing in Inland Waters - some Practical Considerations

1.

(i1)

(iid)

1.1

Preliminary Examination of the Waters

Each fishing operation must be planned in advance since

each body of water has its own peculiarities and these must

be taken into account to carry out a worthwhile fishing
operation. Attention must be paid to the following:

The topography of the body must be known i.e. extent,
depth, and the shape of the basin. Also important are the
nature of the banks, bottom as well as the plant growth on

these.

Water conductivity must be measured.

Topographical Survey

Most favourable for electrofishing operations is calm

water of limited boundaries, i.e. trout streams up to 3 to of_ Lﬁi

6 m w1de.V The banke must be firm but passable for the

electrofisherman if he does not wish to wade in the water.

Muddy4gog water is often unfavourable since it conducts away

much of the electricity and allows the fish to burrow in the

mud. Thick plant growth has similar effects. On the other

hand such dense growth can hinder the escape of the fish and

make it easier to catch. Such a situation is found on the

reed fringes of Steinhude Lake.

epth,
,&4 et

L. A an
1, §- A



S 210

Reaches of a brooks up to a width of 6 m and elongated
lakes of the same width are easier to fish than broader
bodies of water. In these waters fish excited at the
fringe of the field can easily escape and are difficult
to recapture.

Large bodies of water should be divided into small
sections by stationary nets. (see page 170) or electrified
nets combining the attracting and repelling properties
of the electrical current. \

Water velocity determines the type of electrodes
and boats to be used. At high water velocities floating
electrodes are unsuitable and sinkable metal plates must
be employed. Since the fish can be quickly swept away
at high velocities weirs and nets must supplement
electrofishing operations. (see page 177 for Hager's

method) .
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1.2 Physical and Chemical Examination

Water conductivity is undoubtedly the most important
factor in eliciting good anodic effeccts. Conductivity
depends upon the chemical and physical properties of the
water as well as the geological formation. The degree of
industrial or domestic pollution also has an effect.
(pollution load)

A good example of the influence of geological formation
on water conductivity is provided by the water chemistry of
lakes in the Franconian Jura in the Bavarian forest and of
lakes in the ancient (precambrian) formations of Sweden.
Examples are also provided from districts of Switzerland and
the central alps. Waters of these regions have water
resistivities in the range 5000 to 60,0004 x cm.

As mentioned on page 29 the essential formula is:

U Potential difference
I =-— 4di.e. Currentr~= >
R Resistance
( Pospoere)

The smaller the current strength at a constant potential

the greater is the resistivity of the water. If the resistance

between anode and cathode is 500A then, at a potential difference

U _ 250

of 250 volts I (current) will be = == (0.5A. To increase

R~ 500

the number of amp2res you have to double or triple the voltage

for the same value of R, to achieve a current of 1.5A.
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Example: At 750 V I is% = 1.5 A.

In water of high resistivity of lower conductivity it is
sometimes impossible to attain sufficient current intensity to
elicit the anodic responses at the usual input voltage. 1In
these kinds of waters gear must be used which generates a much
higher potential difference. All gear of the Electrofishing
Co-operative have two ranges of voltage built in-to the system
and the higher range must be used in these instances. You
really must know the characteristics of each body of water to
attain the most efficient electrofishing effect. In water
conductivity greater than 15000fL maximum voltages of 750 V are not
sufficient and it is necessary to work with pulsed current.

The allowable peak voltage for moveable gear is about 1000V and,
for stationary installations as much as 10000V. (See the chapter
on VDE determinations).

In very conductive waters (those of low resistivity) a
relatively high current is produced when R (resistivity) 1is small.
Since IxU is very great equipment capable of delivering high
current must be used. Example: If the resistance between anode
and cathode is 1Qf\. and the potential difference is 300V then the
current required is %-= é%%—= 10A. The wattage of the gear is
then U xI = 300x30 = 9kW. When the resistance is smaller an even

larger generator must be used. If the gear used was only 7Aﬂkw

and 9kW were required the voltage would be reduced otherwise
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the circuit breaker would be tripped *o avoid overloading.
In the example cited here the voltage would have to be
decreased to at least 260V since Z%% = 26A and this
corresponds to a capacity of 260 x 26 = 6.7 kW. The
voltage can be only reduced to that providing the minimum
field required to produce the anodic effect on fish.

Reducing the current strength is another possibility.
This can be done by decreasing the surface area of the
electrodes and therefore the extent of field of current
lines. This is of course, only a makeshift arrangement.
In waters of high conductivities and low resistivities

pulsing gear must always be used.

2. Electrofishing in Inland Waters.

!Q.Electrofishing in freshwater requires a team
consisting of an electrofisherman, an equipment attendant,
an assistant and a helper. The electrofisherman operates
the catching device and directs the operations. The

atfenclomt
equipment addendant looks after the gear and the cathode;
the assistant catches the fish which are flushed out of
their hiding places. The helper receives them for
identification. If the electric current energizing the
gear is controlled by radio and requires only one person
who does the fishing, and has the fishing permit,Athen
one other person is instructed by the fisherman, (the
catcher) in the control of the switch. This is necessary

ofevator
for the safety of the in the event that the

——-

current must be quickly turned off.
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Three basic methods are used in electrofishing waters:
1. Fishing from the banks 2. Fishing in the water (wading)
3. Fishing from a boat.

Fishing from the bank is recommended when the water
is shallow (about 1.5 m deep) and not wider than 5 to 6 m.
Sparse vegetation on the banks is necessary since there must
be good access to the water. The gear remains on land
and must be either carried or wheeled in a cart. The two
electrodes are immersed in the water at a distance of at
least 10m. Then the current is turned on. The separation
of the electrodeé can be as much as 500 m by the use of a
length of cable. 1In shallower water (less than 1.5 m) it
is better to wade especially when the banks are overgrown
with vegetation. The gear can either be placed on the bank
or carried on the back of the assistant or fisherman when
small enough. In the first instance the electrofisherman
must make sure that the cable does not get tangled in the
vegetation. In the second the fisherman carries his own
gear on his back and the assistant carries the battery
nearest the cathode. He should also take care that the
cathode is separated from the anode by the proper distance
so that the connecting cable is not caught on snags and
stones in the water. The TSY 150 gear (;age 119) is light
because of its transistor circuitry and is carried by the
assistant while the fisherman operates the catching electrode.
When the catching electrode is a plus pole then the fisherman

can remove the attracted fish.
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With other anodes the customary catcher is used to retrieve
the fish.

It is advisable to fish against the current in rapidly
flowing brooks with the anode immersed above the cathode.
Narcotized fish carried down stream remain in the electrical
field longer and may be attracted to cathode.

The "three catcher method" can be used in larger water
courses. In this instance the one catcher remains in the
water and the fish are removed by the other two. It often
happens that the current is shut off when the catcher is
lifted out of the water and ;:;: stunned fish escape.

If it is desired to keep the captured fish alive a
wagon supplied with containers and bottles of compressed
oxygen must be available. Oxygen must be supplied as soon
as the fish have recovered from the electronarcosis.

If the shallow water is to be totally éished out it is
necessary to Install a fine guage net which extends from
bank to bank of the body of water. A second net 1s placed
about 25 m away from the first and a third about 100 m from
the second. The first space is fished and the wall of the
second net hinders the flight of the escaping fish. After
the first space 1s fished out the third net is brought closer
(25 m) and the second net dragged toward it. The first net
now takes the place of the third and is 100 away. In this
way most of the fish can be removed from long reaches of a

river.
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You cannot fish from the bank in waters wider than
S5 or 6 m; in this case a boat must always be used. 1In
general a river boat with a flat bottom is sufficient. The
boat is maneuvered upstream alternately from side to side.
Electrical gear cable and other equipment remain in the
boat. The electrodes are inserted in the water from the
boat and the cathode is dragged about 5 m behind (Fig. 106).
In this example it would be advantageous to use a cable
cathode as described on page 133.

It is advisable in large stretches of water where
electrified nets cannot be used, to divide up the area with
stationary nets and to fish out the various sections
independently of each other. It is still desirable, if

possible, to set electrified nets in the water.

Fig. 106: Electrofishing in a canal on Speicher Lake
near Munich. Small bream are being removed which have been

attracted by the heated water in the canal.

In the chapter '"Movable electroshocking devices and anodic
catching gear combined with electrical nets 'the construction
of this kind of a netidescribed. When a seine of any kind
is availlable it can be electrified in a very simple way. The
catch is always improved when the body of water is blocked

off with a stationary net. 1In any event the time spent to

catch the fish is considerably shortened.
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The author in the course of his many investigations in
foreign countries has often been compelled to electrify
the available nets, even hoop nets. The Success of
fishing way always improved. In Fig. 107 the installation
of an electrified net in eel waters in France is shown.

A steel cable is drawn over the entire upper and lower
ropes of the net and connected to a pulsing gear. Since
small eels up to 100 g can slip through the mesh a finer
unelectrified seine must be drawn behind. Within two
hours (including the time to electrify the net) more than
0.5 tons of fish were caught. Not one eel was caught when
the same net, unelectrified, was drawn through the same
stretch of water. Sometimes when the net was electrified
it was necessary to switch the current off since the

fishermen were unable to remove the catch fast enough.

Fig. 107: Fishing out a brackish water channel on the

Atlantic coast using an electrified net.

In ponds with uneven bottoms the fish can first be
attracted by feeding food and then fishing them electrically.
This feeding must be carried out regularly at least two to
three weeks prior to the fishing operations. Since fish tend
to stay in sheltered areas a wooden plate about 2m2 is placed

in the water and the food thrown in the water over this area.
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The anode may be placed in the water and the cathode
consisting of an iron chain pulled over the bottom. The
field formed between the electrodes leads the fish in the
direction of the anode.

Fishing with the aid of a boat and fishing by wading is
preferable to fishing from the bank since the catcher can be
operated better to catch fleeing fish. Fishing from the
banks, moreover, is difficult in most cases because of the
electric cable is often caught by the vegetation.

Nowadays electrofishing in inland waters is limited to
the fishing of small sections of water bodies. Fishing the
entire water body is rarely done: as a rule this kind of
operation is carried out when trout ponds are to be completely
fished out before fingerlings are reintroduced. If a large
body of water is to be electrofished it must be done when
the fish are concentrated in a small area which is accessible
to the fisherman. An example of this is the fishing of eels
in the cold months of the year when they overwinter in thick
clusters in the mude. The fish can be electroshocked to
move into the fringing reeds and caught by the anode effect.

To operate in this manner a good knowledge of the physical
setting of the water and the habits of the species of fish is
necessary. To obtain an optimal effect the best time to
conduct fishing must be chosen. Fish, for example which spend

much of their time at the bottom or are buried in the ooze over
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the winter are best caught during the warm season when their
responses to the electric current are good. This is
especially true for carp and tench as well as similar fish
species. For the remaining species, as has been shown for
the eel, winter is the best time since at cold temperatures
the electrical conductivity of water is high. If blank eels
are to be caught swimming at this time downstream they must
be shocked during their resting period on the bottom. Yellow
eels are caught, in contrast, during the warm season when
they find shelter in stone rubble and bundles of faggots.

The Care and Maintenance of Electrofishing Devices

All electrofishing devices require regular maintenance
(see VDE No 0136, parts one and two and 0686, parts one and
two) Before installation of all devices they must be cleaned
and checked. Poorly insulated spots on the gear and the
cable must be eliminated. Attention must also be payed to
the corroded parts of the metal structures; these must be

removed for insertion of the gear in the water.
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Chapter 7

VDE Specifications for the Regulation of Electrofishing

Electrofishing requires special regulations. Unskilled workers can
harm fish stocks using improper methods or even endanger human 1ife. The
German Associlation of Electrotechnologists (VDE) has been concerned for
years with developing specifications for the construction and operation
of electrofishing devices. A commission was formed in 1956 originally
under the chairmanship of Dipl. Ing. HEIDER and Subs?fuently in 1960 by
Dr. Lauer who undertook the leadership.

The author assumed chairmanship in 1973 and has held this position
since. The following were published:

1. Repgulations for the installation and operation of stationary electro-
fishing devices in freshwater (VDE regulation 0136/section 1 March 1959

Revised August 1969.

2. Regulations for the @gnstruction of electrofishing gear for freshwater
(VDE regulation 0686/section 1. September 196 . Revised August 1969.

3. Regulations for electrofishing operations in coastal waters and on the
high seas. (VDE regulation 0136/section 2. May 1969.

4. VDE regulations for the construction of electrofishing installations
in coastal water and the high seas. (VDE regulation 0686/section 2.
May 1969

5. Special regulations for operating electrofishing installations in
freshwater coastal waters and the high seas (VDE regulation 105/

section 5. August 7, 1969

The above regulations have been recently revised and extended.



S 219
fort

VDE regulation 0136/Part 3: directioms for thépnstallation of
electroshocking devices in inland and coastal waters.

VDE regulation 0136/Fart 4: directions for the installation of
electrofishing killing gear

VDE regulation 0686/Part 3 directions for the construction of
electrofishing shocking gear in fresh and coastal waters.

VDE regulation 0686/Part 4: directions for the construction of
electrofishing killing devices.

VDE regulation 0105/Part 6: special directions for the operation of
electrofishing shocking installations in fresh and coastal waters.

VDE regulation 0105/Part 7: special directions for the operation of
electrofishing killing installations.

These regulations and directions will come into force at the end of
1973 or, at the latest’at the beginning of 1976.

These regulations may be of interest to the reader of this book and
are discussed briefly here. Electrofishing on the high seas and in coastal
waters will be treated here only for the sake of completeness. The author
as a member of the VDE committee is totally familiar with the work of
this body and will touch on the problems of concern to the commission.

of *heir current -
In no way is their ewssemddy final decisioﬂvanticipated.

1. Construction and Operation of Electrofishing Devices in Inland Waters

VDE regulations distinguish between fixed and movable installations.
Movable installations comprise portable or mobile devices which,
according to the type and customary usage, are moved when the current is

switched on. In this category are devices which employ the anodic effect

y
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and movable shocking gear.

Fixed installations are mounted in one place either because of
their nature or because of a mechanical attachment to one spot. Examples
are: installations on ships, fish barriers and fish guiding devices to
either weirs or fish ladders.

Mobile installations are permitted the following voltages across
the electrodes:

750 volts for direct current

1000 volts peak value for pulsed current.

In fixed installations the maximum voltage allowed is 10,000 v. (effective)

Electrofishing operations are divided into three categories:

Electrofishing gear in the first category must be provided with a three-
pronged plug (or commnection) so that it can be grounded. This is especially
important for fixed installatioms.

In the second category no grounding is necessary but wires must be well
insulated ex. anodic catching gear connected to more than 24 V.

Gear igphe third category may, because of the low operating voltage,
require no protective insulation up to 24 v. (an example is battery operated
gear of voltages less than 24 V.)

For electrofishing devices operating at voltages greater tham 24 V
the whole device must be completely insulated or protected against accidental
contact.

All catching gear must have an arrangement which prevents the electrodes
being left unintentionally plugged in. There should be either a hand-
operated switﬁb, an other intermediate switch (ex. foot swtfth) or a remote

control (radio-operated) switch. Irfany case each device must be provided
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with an accesible protective trip switch (safety circuit breaker).

Safety fuses should not be used. Some arrangement must be present in
pulsed gear to discharge the condensor. i.e. a switch to produce a short
circuit. The cable, insulating materials, housing of the equipment and
protective clothing must be protected from the harmful effects of weather
and humidity.

All the parts that make up an electrofishing device such as generators,
storage batteries, converters, transformers, condensors, resistances,
switches, regulators, measuring equipment, and conductors must conform
to VDE regulations.

Regulations for these individual components may be obtained at any
time from the Association of Electro-technicians. (VDE regulationms).

This information is found in the appendix to regulation VDE 0686 which
is concerned with the construction of electrofishing gear.

Movable devices must be operated by at least two persons, the electro-
fisherman and his assistant. The electrofisherman assumes responsiblity
for the operations as well as the maintenance of the equipment. Both
personal should master the details of VDE regulations 0134 concermed with
first aid if accidents occur.

2. Construction and Operation of Electrofishing devices in Coastal Waters
and the High Seas.

In part I the areas are defined which states that, in addition to
installation and operation regulations, there are the DIN (German Industrial
Standards) of the German Lloyd-DIN 89001-VDE regulations 0100, 0101, 0105,

0111, 0141 as they apply to the comnstruction of ships.
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The second part explains the concept contained in this section One
has to distinguish, as in regulation VDE 0136/1, between movable and
stationary electrofishing devices.

In part III the general conditions are given and safety measures
to be taken to prevent accidental touching of components under electrical
tension (voltage) and for too high contact voltage. Regulations for
operation, servicing and maintenance of the equipment are also specified.

The general regual¢ions stipulate that electrofishing may be conducted
in coastal waters and on the high seas when the proper voltage and nature
of the current are used. When the electoffishing device is powered from
the electrical mains or the current network on board ship the functioning
current must be supplied through an isolated transformer — a converter
with its own winding to sepafate them electrically. The seaman's union
has responsibility when the gear is on board ship.

The safety measures ensure that all parts of an electrofishing devices
which operate at voltages greater than 24 V must be insulated in all parts
of the apparatus. In some instances a special type of construction could
prevent accidental contact with the electrically charged parts. Each
device which is electrically activated must have a means by which the current
is turned off when protective doors are opened. Moreover, all those
conductive parts which are not part of the circuits used in electrofishing
but which are accessible, must be connected to a common circuit breaker.
Emergency switches to turn off the current at all important stages must

also be provided.
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3. Special Regiulations for the Operation of Electrofishing Devices in
Inland, Coastal Waters ‘and on the High Seas.

The areas where these regulations apply have been defined in part I.

The concepts in these regulations have been outlined in part II and
are referred to in items 0136 and 0686.

Part III states that at least two people must be present during the
operation of movable electrofishing gear. The electrofisherman has the
responsiblity for the fishing operations and receives his mandate from
the regulating organization.

The details may be read in the current edition of the VDE regulationms

obtainable at : VDE Verlag, 1 Berlin 12, Bismarckstr. 33.

Chapter 8 Overview

The application of electricity in fishing has been solidly established
as a catching method in many countries. It has certainly found its place
in inland fisheries. With the development of new mentods and gear,
especially pulsed current - the way to improved commercial fishing has
been opened. In this chapter in the first edition the wish was expressed

that the repelling effect of the electric current
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It is not easy to make predictions on the future of electro-
fishing in the ocean. Not because there are no applications - on the
contrary - there are many important examples. There has not been time
to define the financial conditions that make the operation profitable.

Electrofishing was conducted in the ocean first after the war
and had to overcome technical, scientific and, not least, financial
difficulties before the first pulsed gear was developed and proved to be
practical in the ocean. Even today the number of properly functioning
devices which are used is limited. Beyond that there are electrofishing
devices which ére combined with lights, a practice used by the French.
Electrical barriers installed in saltwater in front of the water intakes
of factories and power station have proved their worth; likewise have
narcotising and killing gear. One has to merely recall the application
of the electric harpoon and Tung hook. It would be desirable in the future
for these two methods to be used more than they have been up to now. Not
only would the fish harvest be greater but the product would be of higher
gquality. Especially in the catchiﬁg and killing of sensitive valuable
fish as sardines etc. electricity should be used. Fatty fish are ex-
traordinarily sensitive and can be processed in electrical killing devices
to improve the quality of the flesh. The quality is better than that
resulting from traditional methods. It would be a profitable exercise
for technology to undertake the development of suitable gear. We are
aware of some firms which are engaged in such activities but practical
results are yet to come.

This gear must, above all, be inexpensive since it would be used
by the financially weak cutter ship industry.

Electrofishing in the ocean has indisputedly gained during the
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‘,a applied in the construction of intake structures (pumps turbines,
etc.) In the time following publication, I am pleased to report that
all industrial operations in which water is drawn from an intake canal
are now provided with electrical fish screens. The public already knew
that about 20% of all fish passing through turbines were either injured
or killed. - most of these belng valuable fish such as eels. Nowadays
the fish screen has been fully developed to achieve its purpose. It 1s
admitted, however, that in only very rare cases 1s a complete blocking

effect achieved. It is necessary to adapt the electrical barrier to the

prevailing hydrological conditions and to recognize that factors as

temperature, water currents, water chemistry, water pollution life stage

as well as the health of the fish are important. 1In spite of these variables
a 80 to 907 blocking effects can be attained in a properly functioning
barrier.

The electrical means of killing fish has also proved to be of great
value. By means of this technique less labour is required in the process-
ing of trout and eels. Money is saved in the preparation of smoked and
portion-sized trout. It may be applied someday to the fish retail business
to kill fish since approved methods of killing do not come in question.

The question whether the method of killing electrically leads to
an improvement of the quality of its fish flesh and prolonged shelf life
may be considered solved.

It may be shown that, in catching fish, prolonged shocks, harassment
etc. should be minimized. While plausible, this practice is often not
followed. At last we can settle the matter using the results of biochemical

and electrophysiological investigations.
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last years and will certai?}y mgke more progress in the future.
Unfortunately the number ofA;ci;ntists, technologists and companies

which are concerned with electrofishing is extremely small. As a result
the rate of progress cannot be predicted. Again the amount of investment
for marine fisheries 1s usually prohibitive. High costs of development
limit the marketability.

Today we are convinced that electrical collecting, repelling and
stunning methods neither cause pain to animals nor injure them internally
or externally, (apart from unavoidable exceptions). Harmful genetic
effects - or harmful effects to the progeny — are also not produced.
Ignorance of electrophysiological and electrophysical laws, often in
fisheries experts have retarded the development of electrofishing.

You cannot complete the reading of this book without realizing
that more must be done to explain this field. This book serves this
purpose. .

We hope that anyone who is seriously involved with this problem

has now the necessary intellectual armament.

c K
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