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Chapter I 

I!u'HODGOTIO ! 

The field of fisheries management has long been in need 

of adequate sampling devices for study of fish populations. While 

electricity may be employed to catch, divert, and kill fish , the 

advantages and limitations of electricity for these purposes have 

lO 

not always been recognj_zed. Since experiments in taking wm.ales in 

1881 ( Meyer•Waarden, 1957), the other uses of electricity in fish 

management have developed. Electrofishing has become an accepted 

technique by Many conservation a encies in North America. Permanently 

installed fish screens at hydroelectric power dams in Western North 

America have been utilized t,o divert salmon!/, Oncorhynchus spp., 

from dan erous areas. Applegate, Smith and Nielsen (1952) describe 

electric fish screens employed in the Great Lakes .Region to kill 

parasitic sea lampreys, Pet,royzon marinus. Meyer..;waarden (1957) 

comments on efforts in Germany to control the undesirable Chinese 

crab, Eriocheir sinensis, by means of electrical barriers. Whereas 

catching and diversionary devices depend upon electric shocks of sub-

lethal intensity for effectiveness, a barrier device is meant to stop 

or kill intended species by a concentrated electric field. 

1f Common and scientific names are those recognized by the American 
Fisheries Society (1948). See Literature Cited. 
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The use of electricity in water necessitates a system of 

metallic conductors, commonly termed electrodes, by which the current 

is transmitted through the water . · ectrodes are mobile for elec-

trical fishing and arranged permanently across a water course to 

serve as an electric fish screen. Various electrode designs have 

been described, and a choice seems to depend upon specific require-

ments . 

Both alternating current and direct current available from 

domestic power lines, batteri s,e..nd motor- driven enerators have been 

used to energize electrode systems . An alternating current field 

produces a muscular tetany. Fish remain semi-active in a direct 

current field and a.re dra11,1l'l to the a.'1.ode or positi"e electrode wher 

they lie flaccidly paralyzed. Recently certain investigators have 

experimented with pulsed currents, which are physiologically more 

effective in producing galvanotaxic response·. As a consequence of 

current pulsation power economy is achieved. Undulating currents 

distinguished by a direct current wi t.J1 a super-imposed, high f re-

quency alternating current also have been studied to a lesser extent. 

Effects on fish of this type of power are similar to thos~ caused by 

alternating current. 

Of significance to the reactions of fish in an electrical 

field are voltage and current. The two quantities are associated 

intimately,and a voltage increase or decrease is accompanied by a 

proportionate change in circuit voltage and current. For a given 

voltage between two electrodes, current i s greater in hard conductive 



12 

water and less in soft resistant water . The voltage divided by the 

current is a measure of electrical resistance, or dissolved elec-

trolytes and suspended materials . Also to be considered is the water 

temperatur , because current carry-in~ capacity of water is improved 

by an increase in temperature . These relationships are of primary 

importance. Voltage, current and water temper ture interact to deter-

mine field intensity and exert an influence on recovery of fish and 

other aquatic organisms from electric shock. 

Wide variations in water resistivity of streams complicate 

electrical fishing operations in Colorado. Jackson (1955a) has 

described typical experiences in this connection . ~"1.ectric current 

control in conductive water poses a problem, and in contrast, the 

resistant water of mountainous regions serves as an insulator to an 

electric current . Jackson suggested that current pulsation might 

reduc e power demands in ccnducti ve water, and because of the greater 

physiolo cal effect, result in better electrical fishing success in 

resistant water . 

Because carp, Cyprinus CB;EFio, are undesirable fish , means 

are sour,ht to prevent their reintroduction into rehabilitated reser-

voirs . Of most concern here are the inlets to reservoirs which lead 

to other carp infested waters . If an electric barrier were used in 

such a lo_eatj_on in an attempt to kill carp, it must be almost in• 

stantly effective . otherwise, water flow would c rry the fish out 

of the electric field and into the reservoir . For feasibility, 

Jackson (1955b) made the stipulation that 100 per cent mortality must 

occur in a period of ten seconds or less . He experimented with 
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capacitor discharges up to 11 200 volts per linear inch of water de-

livered at four second intervals in attempts to kill carp. Voltages 

of this magp.itude killed carp oriented perpendicularly to the elec-

trodes in the specifiod time but , ere L"leffective in producing 100 

per cent mortality of those parallel to the electrodes . 

Problem 

Can pulsed current be produced practicably so as to enhance 

electrof'ishing results'l \sJhat are the individual effects of alternat-

ing voltage and current on induced. mortality of carp? 

Problem analysis .--'!'he problem has been analyzed into the 

following questions : 

l. Can an auxiliary unit for pulsed current be constructed 

and maintained? 

2 . From a viewpoint of pow~r economy anr1 trout response, 

·what is the opti.rnum pulse repetition :ra.te? 

3. Whitt are the advantages and lir:d.tations of interrupted 

direct current electrofish5.ng equipment in resistant str .e.ms and 

conductive str eams of large and small size? 

L. . ltlhat are .minimum lethal 0:}:.1)osure periods for carp under 

different conditions of voltage and current? 

Delimitations .---The study was limited to the period of 

June 1, 1956, to January 1, 1958. A mechanical direct current 

interruptor was constructed and evaluated under laboratory and field 

conditions . Duty cycle and pulse shape uere fixed . Optimum pulse 

repetition rate 1ras determined with trout as test specimens in a 

-
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specially constructed tank . Experiments were performed at the 

Bellvue Hatchery near Bellvue, Colorado. Paddle type electrodes with 

250 square inches of ~onducting surface wer employed in the field 

study. Efficiency comparis~ns of pulsed direct current, direct cur-

rent, and alternating current. upon fish collection wre made in 

streams of northeastern Colorado. A 16- gallon aquarium equipped with 

one-quarter inch mesh hardware cloth lectrodes was used to simulate 

an electric fish screen. Carp electrocution experiments were con• 

ducted on the Colorado State University C.apus . 

Definition ~ •••Uutl cze:le refers tc the ratio of 

circuit closur to the length of the cycle. 

Pulse shape is the geometric voltage outline at time of 

circuit closure. 

Speoi:fic resistivitz refers to a measurement of dissolved 

and suspended materials that conduct an electric current . 

Galvanotaxis refers to the forced movement of fishes to 

the anode 'When exposed to a direct current field of sufficient 

intensity. 



Chapter II 

ME.TRODS AND MAT ~UAIS 

Electrofishing experiments 

shocking .. --A fish shocking tank, Figure 1, 

patterned after the one described by Taylor (1955) was designed and 

constructed for controlled tests. This was built from three-quarter 

inch exterior plywood supported by an angle and channel iron frame-

work. Outside dimensions of the tank are 12 feet by 4 feet by 2 

15 

feet in depth . The inside of the tank was painted with rubber-based; 

non-conducting paint. One-quarter inch mesh hardware cloth was used 

for electrodes which almost covered the ends of the tank. Physical 

contact of test specimens with electrodes was prevented by means of 

a plastic screen. The tank was used at the Bellvue Hatchery where 

fish could be held for experiments. A water depth of one foot was 

maintained during tests. Domestic power is available nearby. 

Pulsating unit •• -Considering the means by which a direct 

current can be interrupted, a mechanical design was chosen in prefer-

ence to an electronic circuit. It was believed that a mechanical 

device would prove more reliable and less troublesome under rigorous 

field conditions. The pulsating unit (Figs. 2 and 4) was constructed 

from a Ford starter motor , utilizing the case and commutator shaft. 

The armature was cut off to reduce weight. With a shorting bar across 

the commutator, it was possible to create a regular sequence of 
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Figura 1.--~ish shocking t d variouo electrical quip• 
ment loyed in the controllod galvanotaxio 
exper4 ents. 
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Figure 2.--The pulsating unit mount~d on a panel for field 
tests. 

Figure 3.--Paddle electrodes , dip net, and collapsj.ble live 
box utilized in streM electrofishing experiments. 
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Figur 4.-...Circuit diagram of the direct current pulsating 
unit . 

Figure $.--Circuit employed in pulsed direct current 
electrofishing experiments . 



1/12 

.----HORSEPOWER 
DC 

FIELD MOTOR 

PULSATING 
UNIT 

+, 

+ 

21 

POWER 
SOURCE 

!_ 

VARIABLE SPEED DIRECT CURRENT INTERRUPTER 

PULSATING 
UNIT 

ELECTRODE 

ELECTRODE 

CIRCUIT EMPLOYED FOR PULSED DIRECT CURRENT 

ELECTROFISHING 
! 



22 

pulses by rotating the aha.ft. By varying the number of commutator 

segments shorted together on opposite sides of the commutator, a. 

variation in pulse width, or duty cycle, could be effected. For ex-

perimental work, either two or four generator brushes were used. The 

commutator-brush assembly was driven by a direct current motor, the 

speed of which was varied by means of a. rheostat in the armature of 

the motor . This pulsating unit also may be seen in Figure l. 

Pulse shape ffllS basically rectangular in outline. However, 

an electrolytic 125 microfarad capacitor was necessary to reduce arc 

at higher voltage. Capacitor storage and discharge resulted in a 

peaked leading edge with a gradual decline to the trailing edge of 

the pulse. Pulse shape was more peaked and protracted with con• 

ductive loads than with resistive loa s. Capacitance and arc were 

responsible for this feature of pulse shape. Voltage control uas 

essential for electrofishing operations in conductive water so as 

not to damage the commutator. 

Al though other pulse shapes have been studied in respect to 

galvanotaxio experiments, the rectangular pulse w selected because 

it was the simplest to achieve. Loukashkin and Grant (1954) reported 

on five wave forms of pulsating current. These included the square 

pulseJ triangular pulse; the half-wave rectified alternating current.; 

the quarter wave rectified alternating current, characterized by an 

abrupt pea.'!( with a slow decay; and a condenser discharge . The 

authors did not differentiate these wav shapes relative to their 

efficiency. They seemed to believe that current density was the 

important variable. Meyer-Waarden (1957) seems to prefer the pulse 
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shape produced by a condenser discharge for anodic attraction. The 

various pulse shapes discussed are illustrated in Figure 6. 

Duty cycle was set at 35 per cent. This choice was in• 

fluenced by the findin~s of Taylor {1955) who determined that a duty 

cycle of 33 per cent was more efficient in eliciting galvanotaxic 

response than either 47 per cent or 88 per cent duty cycles. He also 

pointed out the pouer economy that results from a reduced duty cycle. 

Due to the unavoidable aonditions described above duty cycle increased 

noticeably with more conductive loads. Current. interruption in an 

oil bath ·rould alleviate this discrepancy. 

German electrofishing equipment.--A German impulse ener~ 

ntor was secured from Utah State UniverSity to ascertain its utility 

for electrofishing. This de·llice was powered by a 12-volt battery. 

Voltage output was variable by mee:ns of a hand switch from about 

lSO volts to 250 volts d~reet current. Viewed on an oscilloscope, a 

choice of two voltage wave forms was available. Positions one 

through four produced a square wave, and positions five throu~h nine 

yielded a triangular wave form. Pulse frequency w s about 60 cycles 

per second. fl.th a 12-volt battery, the unit ighed about 70 

pounds. Electrodes consisted of an energized dip net as the anode 

and a rectangular niat as the cathode which was extended on t he 

stream bot·tom. 

Electric power sources.--In addition to storage batteries 

and domestic 110 volt alternating current, the following power 

sources ;ere used for various purposes during the study: 



Gasoline generators 

Voltage 

230 VOO 

230/115 VAC/DC 

115 VAC 

11$ VAC 

Watts 

2,500 

2,500 

1.,000 

150 

Ballantyne dynamotor (Battery oper ted) 

500 VDC 80 

B ttery eliminator 

0 - 12 VDC 
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El.ectrod systems .--An electric seine and paddle electrode 

wer uoed in the field evaluation. Copper floats and pendant shield-

ing cable eonstitut d the electrodes of the electric eine. All!lost 

all of the field d ta were collected using the padd.le type el ctrodes 

similar to those described by Jackson (1955a and 1956). These are 

shown in Figure 3• Conducting surf aces of the paddle olectrod s are 

about 250 square inches. Depending on the curr nt lirrd tations of 

the power source and tha number of available personnel., two or three 

leetrod s wer employed. lf thre electrodes wer us d with direot 

c-urrent, the two outside ones wer positiv o as to exploit the 

galvanotaxic effect. Alth.ough voltage remained the same, provid d 

ther was no overl ad ot· the generating equipment, curr nt was in• 

ere sed about 33 per cent by the inclusi n of a third electrode. A 

spool with sliding contact, described by J okson (1955a) facilitated 
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Figure 6 

(Voltage wave forms) 

A Square wave form of pulsed direct current. 

B Triangular wave form of pulsed direct current. 

C Half-wave rectified, 60-cycle alternating current. 

D Quarter-wave rectified, 60-cycle alternating current. 

E Condenser discharge. 

F Round-topped, sawtooth wave. Half-wave rectified, 
60-cyole alternating current with capacitance. 

O Half-wave rectified, 180-cycle alternating current. 

H Rectangular wave fonn of pulsed direct current. 

I Rectangular wave form of pulsed direct current, 
abruptly peaked by capacitance. 
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VOLTAGE WAVE FORMS 
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cable storage. Simplex- Tirex, two conductor , ~{18 cable rated a.t 

600 vol ts was used. The techniques described by the above author 

were used in ele-ctrofishing operations . 

27 

Other electrioal eg.uiJWEmt. --Direot current generator con-

t rol was accomplished by means of field rheostats . Al ternating 

voltage was regulated by a variae . Measurements of' voltages were 

made with a Heathki t vacuum tube vol tmeter or a Simpson voltohmeter. 

These meters also were used in checking eircuit continuity. Ordinar-

ily an ammeter was placed in the line to determine di rect current 

flow thr ough the water. Peak voltages and duty cycle were noted 

on an oscilloscope . Revolutions per minute of the motor driven 

current i.nterruptor, and hence p11lse r epetition r ate , wer e deter-

mined mathematically with the aid of a strobotack or tachometer . 

Specific resistivity of water saxnpl es was calculated periodically 

from measur-ements made with an Industrial Instruments conductivity 

bridge . These assessments were corrected to the standard temperature 

of 77°F., unless water temperature is explicitly mentioned. 

In the case of interrupted direct current , both cl.ll'rent and 

voltage were recorded as average values . These measurements were 

usually about 35 per cent of steady direct current measurements , de• 

pending upon the degree of arc . 

Fishing equipment.-Fish were collected with dip nets and 

retained in live boxes . Where necessary. fish were fin- clipped for 

identification and measured to the nearest O. l inch. S.trea.-n condi• 

tions dictated the use of barrier seines . One- eighth and three-

eighths inch mesh seines were empl oyed where barriers were judged 
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necessary. 

Electrocution experiments 

Carp supp:1:z.--Carp utilized in the electrocution experi-

ments originated in the lindsor Reservoir System, about four miles 

northeast of Windsor, olorado, and in the Tinmath IrriP'ation System 

about two .iniles northeast of Timnath , Colorado. Fingerling fish were 

collected by seines and electrofishing equipment , although the great 

majority were captured in small minnow traps . Some of the carp from 

the Windsor Reservoir System were retained at the site in a stock 

tank . About S, OOO carp of this group were t r ansferred to a small 

pond in Fort Collins, Colorado. The carp from the Timnath Irrigation 

System were utilized at the ternination of the electrocution experi-

ments . 

Facilities . - -With the exception of a few tests performed 

in the }forestry Building, the remainder of the electrocution experi-

ments were conducted in the Electrical Fngineering Laboratory at 

Colorado State University. Since alternating current is usually 

available and can be transformed to higher voltages, it was selected 

in preference to direct current . A transformer and induction voltage 

regulator permitted a selection of voltage levels from 115 volts to 

450 volts . Voltmeters and am.~eters were used to measure volt ge 

nd current . 

A 16- gallon aquarium rigged with one- quarter inch mesh 

hardware cloth electrodes was used to simulate an electric fish 

screen. Shocking media included Windsor canal water , pond water , 



and tap water to which s J.t solution was added to incre se current 

density. Temperatur sand sp cific resistivities of the shocking 

medium were recorded J.requently. 

Prior to shocking, carp wer kept in water to which they 

were ccusto aed. Preli1'1linary experiments indic ted that fish re-
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si tivity to an electric current was changed perceptibly by immersion 

in tap wat r of about 7,632 ohrl-centimeters at standard temperatur. 

Therefore, carp and water for holding pur oses uere secured simul-

t neouely. Test specimens were dropped into the aquarium without 

regard to orientation relative to the electrodes. Lethal exposures 

were timed ith a stop ,mtch. Following exposure, carp were removed 

with mall dip net, marked by fin removal for later recognition 

and observed during a recovery period in tap water. This w s 

changed frequently to ensure adequate oxy on supply. Survivors 

were shocked repeatedly until 100 per cent mortality resulted. 



Chapter III 

PPJiSENTATION AND AfIALYSIS OF DATA 

Because of the dual nature of this study, the results are 

presented in separate parts . The first portion to he discussed 

deals with the method of electrofishin. This technique is used by 

many conservation agencies to acquire fish samples from streams for 

various purposes. The socond portion relates to the deliberate 

electrocution of carp. 

Electrofishing 

Me.jor objectives within the scope of this portion of the 

project included tr..o follcming: 

1. Design and construction of a suitable direct current 

interrupter for electrofishing. 

2. Satisfactory laborator.r performance with various 

resistive loads that simulated electrofisr ing operations . 

3. Determination of optimum pulse ropeti tion rate for 

galvanotaxic respon~e. Responses of trout were emphasized parti-

cularly, since they are the foremost game fish in Colorado. 

4. Electrofishing comparisons of pulsed direct current, 

equivalent direct current and alternating current in streams of 

northeastern Colorado. 

5. Detection of fish mortalities due to utilization of 

the above forms of power. 
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6. Laboratory and field study of a German electrofishing 

appar atus . 

Laboratorr stud;y: !, 
direct current !_nterruptor 
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Several possible means of interrupting a direct current 

were considered initially. The decision to use a mechanical inter-

ruptor in preference to an electronic device was sed upon the 

advice of Professor John E. Dean, Head of' the .1!.:lectrical Engineering 

Department. The de'tTice utilized was described in detail in Chapter 

II. Initially two types of mechanical devices ,, re tested, !!!•, 
a distributor and a commutator-brush assembly. These devices were 

tested in the laboratory relative to their ability to handle curr ent 

loads at different dir~ct current voltages . A variable capacitor, 

to reduce arc, was used in parallel with the resistive load to de-

termine the size of capacitor necessary for field tests . Because 

of the larger contact surface for current conduction, the commutator-

brush assembly was selected, 1nodified, and perfected for the purpose . 

Figure 4 is a diagram of the circui·c. magloyed in the fi ld studies . 

Controlled galvanotaxic 
experiments 

Int rrupted direct curr~nt.--After satisfactory laboratory 

performa.~ce of the pulsating unit had bee acl1ieved, galvanota.xic 

experiments were begun at the Bellvue :Hatchery. 'fhe fish shocking 

tank (Fi e 1) -wa.s used for these tests . Hatchery water ranging 

in specific resistivity froni 1 , 980 ohm centimeters to 2,390 ohm 



centimeters at 77DF. was used. Water temperature extremes due to 

chan eable weather were ,56° and 66°F. Water changes were made fre-

quently to bring about more desirable temperatures a..~d to ensure 

adequate oxygen for the test animals. 

The immediate objective of the galvanotaxic exp.riments 
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at the Bellvue Hatchery was to select t..~e mo,t efficient pulse 

repetition rate for the anodic ntt,raction of trout. From the liter-

ntur it is pparent that the importance of the pulse repetition 

rate has been recognized by other orkers. 

Lou..lcashkir. and Grant ( 1954) state that control of fish 

movement can be obtained vith any pulse frequency from 2 to 80 pulses 

per second. Haskell and AdeL1J.an (1955) seem to favor slow pulse 

repetition rates for galvanotaxic effect. Taylor (1955), utilizing 

rainbov trout, Salmo ~airdn~rii, determined that 96 pulses per second 

produced optimum results. Because of these differences, it seemed 

desirable ~o test this entire ran~e of repetition rates. 

Using rainbow trout and b1•0.:m trout., trutta, 14 pulse 

repetition rates were tested. 'l'he range st,udied was from one pulse 

per second to 145.2 pulses per second. Within each frequency of 

interruption, several voltage levels were applied to tank electrodes 

to assess trout responses. Su.fi'icieut resistance was placed in the 

genera.tor field so that steady direct current voltage across the 

electrodes could · e varied from 60 to 220 volts. For the two lowest. 

frequencies , a variable dir~>ct current power source, 0-12 volts, 

was used across the armature, with 115 volts applied to the field of 



the one~twelith horsepower direct current motor. For the other 

re etition rates, the armature voltaee of the direct current motor 

was varied by means of a rheostat which controlled armature current 

and motor speed. Except for the single pulse per second which was 

timed by a stop watch , the motor speed, and hence tho repetition 

rate, was adjusted by means of a. strobotack. 

After a repetition rate had been selected ano the necessary 

ad._iustments made, the voltage across the tank electrodes was reduced 

by a field rheostat to the minimum possible level . Ordinarily this 

con isted of 10 to 20 volts average ~"Rluo. A trout than was placed 

in a mall hardware cloth cage in the center of th tank. A cord 

from the cage cross a pulley mad it possible to release the fish 

as desired. U on release of t:irn fish, the cil"cui t was closed and 

timing of the reaction commenced. 

'l'w,,:, r.ictho s of evalua.t.ing· fish restJvns es were tried ini-

tially. Attempts to time; ... eactions during t.hreo re-v-ersals of elec-

trode polarity proved fruitless . Although a few specimens responded 

to a ingle reversal of polarity, trout ordinarily ere pa~alyzed 

at the original positive electroda. This technique was used by 

Lvukashkin and Grant (1954) . The categorical responses used by 

Taylor (19.55), similar to those deocri.hed by lfoLah"l and :iiel.sen 

(19.53), were tried subsequently and adopt~d. ?his me ad consists 

of a timed exposure of fish to a direct current field durL"lg which 

their reactions are -:>bBEirved ca.ref ully. 
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Tabl 1.- ,AT RY AND 
CURRENT EI;T IC FI 

Cod 

0 

1 

2 

3 

4 

CRIPTION O• RESPON OF TR JUT O A DI T 

I scription 

o polarity or distr ss . 

Shivering and si s of nor distress. 

Fair alvanotaxi. Imm diate movement 
to positive electrod at initial 
shock, but usually escaped. 

Stron det rmined movement to positiv 
electrode. o paralysis in less 
than even secon • 

Complete paralysis in six s conds or 
less. Usually fi did not re ch 
positive electrode. 

Preliminary tests indicted at code numbers listed in 

T bl l did not describ d quately th ob erved res onses. There-

fore plus or minus wa added to the code number, dep ndin on the 

observ d response. If a fish de a confu d circle in th tank 
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upon circuit closur after which it moved ediately to the ositive 

electrode, th r onse wa cat gorized code 3 •• If a fi h promptly 

moved to the positive, became l ss ctive and did not p ralyz in 

s ven seconds, it as assigned a 3+. If a fish tended more toward 

paralysis, but remained semi-active up until sev n s conds had 

elapsed, th respons was judged 4-. For st tistical purposes, 

J- was allotted valu of 2.66, and 3+ s assigned a valu of 3.33. 



of trout responses, a 3- and 3+ were regarded within the optimum 

range of galva.notrudc performance. 

35 

Sixty-four trout were utilized in these tests, of which 

eighteen were kept separat ly as control fish. Sixty were large 

hatchery rainbow trout and four were brovm trout of similar size. 

J!mploying direct current, 144 performance trials were run during a 

period of nine days. Following each trial, the fish -were measured 

and marked by the removal of a fin. Periodically the fish were 

sorted as to experimental quality. Initially the cumulative number 

of 'fferent marks was considered. Later, quality was judged on the 

basis of body slime and general vigor. A control fish was used when 

confirmatory evidenc was desired. Preliminary experiments indicated 

that lower voltages produced al or 2 response and higher voltages 

resulted in a 4 or 4• response. · ere the observed response differed 

noticeably from the expected, another trout was ex.posed to the same 

voltage intensity. 

Table 2 indicates that the favorable range of pulse fre-

quency was f r om 76.6 pulses per second to 124.8 pulses per second. 

In smuch as the lowest volt-ampere characteristic was reached t 

95.2 pulses per second, this repetition rate was selected for further 

experintental work . \nth exception of the single pulse per second, 

power r quirements for all repetition rates ere less than for steady 

direct current. Volt-ampere requirements for optimwn trout response 

at 95.2 pulses per second were about 6.7 per cent of direct current 

requirements for the same response. Volt-amperes were calculated by 

multiplying average voltage by average current. 



Table 2 .--COJ.' AnISC~ F 14 DIR •0 T UF..REl-!T J'ULSE REPE'rITION F.AT 
RELATIVE TO MINIMUM AVERAGE VOLTAGES AND AVWGE VOLT- AMPERES 
RI!XJJI RID FOR OPTIMUM GALVA..liO'l'AXIC RI!SPONSE OF TROUT . 

Hinimum 
Number of average Average 

pulses per second voltage volt ... amperes 

Steady- DC 62 26. 7 
l 90 48 .6 

15 50 14.0 
29 .B 40 11.2 
58.6 30 7.2 
67 .4 30 6.6 
76.6 20 2.6 
86.0 20 .3 . 0 
90. 0 20 3.0 
95 .2 15 1. 8 

100.0 20 3.0 
104. 0 JO 6.3 
114.4 20 2.8 
124.8 20 2.6 
145.2* 

* An optimum response was not chieved at t .is repetit ion rate. 

The d ta in Table 3 are presented to indicate whether or 

not a conditioning response to electric shock occurred. The perform-

ance trials of these fish were conducted separately. Where possible , 

attempts were made to use fish of near ly equal length . A "t" 

test of the difference between mean code responses for the two 

groups was not significant . It appears that the results were not 

unduly influenced by the fact that some of th specimens were shocked 

more than once. 
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Table J .--COMPARISC OF th, l:'0 -ffi · OF SP.OCKill l\JD tnJS IOCKED 'l'ROUT TO 
EQUIVAL J. ELEX;TRIC FI ELDS IN TH:Z I~ISH SHOCKIN'G TANK . 

Specimen shocked Control 
. previou.slz fish 

37 

Average Code Fish Gode Fish Repetition 
voltase Response Length ltesponse Length Rate 

10 l 9.2 1 9.1 86.0 
20 3 8.9 4 9.5 124.8 
30 .3- 9.0 4 9.5 67 .4 
30 4 11.3 4 10.5 124.8 
JO 4 9.1 3 8.9 100.0 
30 4 10.2 3 8. 8 90.0 
40 4 10.7 .3 10.s 76.6 
40 3+ 9.2 3+ 10.2 95.2 
40 4 9.2 4 10.4 100.0 
40 .3 9.1 3 8.5 90.0 
50 3 9.9 2+ 9.8 15.0 
50 4 9.5 4 8.6 95.2 
70 3+ 10.0 Ji._ 10.6 104.0 -

Mean • 3.33 9.63 3.28 9.61 

!!!,!!~ rectified alternating current.--Alternating 

current may be transformed and rectified to direct current . These 

two qualities render alternating curr nt a distinct possibility for 

direct current electrofishin. Half-wave rectification ~esults in 

a ~O per cent duty cycle and round-toppe · pulses at the frequency 

of the power source (Figure 6). Thus it was desirable to determine 

the utility of half-wave rectified alternatin current. 

Eight tests were performed with domestic power using a 

350 miliampere selenium half-wave rectifier in series. With the 

negative portion of t he sine nave removed, responses of trout to five 

voltage intensities were s tudied. It appeared that with a voltage 



wave of t.'1is n turo and 60 cycles 

of 40 vol ts and 11. 6 volt- amp r 

response. 

r sec nd, .verag pulu d values 

w re nee ss ry to caus an optimum 

Anoth r seri o of tests e ploying alf-wav r ctified 60-

cycle altern in current s pe or d. The circuit r mained the 

SSlll c t th ta s all ca acitor rat d at 80 microfarads d 150 

volt w a plac din parallel th th resistive load. Five voltage 

int nsities ere pplied to th tank l ctrode and the perfo nces 

of ten trout studi d. View don nos illoscope, th volta e ve 

with c pacitance was a round- topped sawtooth w ve wi limited 

"off- time. " Averar-e pulsed alues of 40 olt and 10. 8 volt- per s 

wer required for optimum re onse with this wav sh p • The n xt 

ei ht t st w re conduct d with h lf- v rectified 180 cycle alt r -

na.ting curr nt. l th this f r o_uency of current int rruption, 
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critic l fi,ld intensity wa r ch t 30 volt~ d 7. 2 volt- .pres, 

upon which 1 notaxis occurred. 

Thes results provid an int rastin comparison to thos 

presented in ble 2 for int rrupt d rect current . Sixty~cycl 

pow r requirement for lvanotaxi w re bout one- thir 

than for interrupt d dir ct current at Sl.l"lilar frequencies . R quire-

.ents for 180 cycles p r second w re th sam as those for 58 .6 

pulses p r econd. In view cf th additional pow r r quirement with 

alter ting current, puls d direct current of 95.2 pulses per second 

w: s pr f r bl for field tes~s . 



Influence 2f. curr nt d nsitz 13 lvanota.xis .--To dot r -

mine th e£f ct of incr as current density on galvanota.xis , salt 

dded to the tank i small quantiti • if~y- hre trout re 

used in the e tests. A repetition r t. of 95. 2 pul~ es p r • cond 

• s . loyed. ur the xperi:rncnt, the aver ,e pul~cd volt ge 
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l v 1 i'ns ain in d t 30 volt , ile curr nt d sity w 1.ncrea.sed 

by 0. 1 to 0 . 2 per incr ents . rout r,s ons a to electric 

field t nded irregularly to rd par lysis s currents were incr ased. 

owev r , this occurred over relativel wid range . Curr nt s 

in.ere sed fr m 0. 2 amperes to 1. 4 amoeres in 11 steps . Perf'o 

tria d th ta moder te incr as in cur nt density improved 

.fi h et en on_ anper and 1.4 mpere, the pr lytic 

r s on e noted in 12 out f 16 test fish . Such re ponse i'ldi• 

cat dover- control of fi movenent di plied a volt or duction 

so snot to cau e undue r.iortality. 

At th termination o~ he abov e rim nt, the volt e 

intensity reduced to th minimum possibl 1 vel. This volt ge 

reductio wa effect d for comp rison of fish respon es at s· lar 

lo ·,olt R s rlth different repetition r tes . Wi pot nti 1 of 

nino volts and current ensity of 0.35 amp res , four trout ere 

electric field . lh res on e of these _our trout 

ignifi ,d over- control . Jhile one trout e ,ibit d code 3 respons , 

th other"' er jud~ed L.- . For comparison with this exp riment in 

thr oth r trials t various repetition rt s, wh r trout were 

exposed to field of 10 volt and 0.06 to 0. 08 peres of current, 

th ir respons s re char cteriz d by shivering and igns of minor 



dist ress or code 1 r ponse . 

curr nt of 12 volts d 0.40 

y the electrical fi ld. 

In a previous test usin~ steady direct 

12-inch trout was unaffected 

four trou in the above test z· act d 

anodically and w r narcotiz d or p ralyzed by an av_r ge volt- amper e 

r lationship o ... 3. 1;; volt- amp res . In contr t , t.h application of 

of 5.76 volt- mares of steady dir ct urrent t t eel c roes pro-

uced code O respons for a 12-inch trout . eem 

to 11 hasiz tno · port anc of current clon.,i y to direc curre t 

electr ofi hing and ~end to comir t e existence of n opti.w ran e 

of ter resistivity where ·r ct curr t 1 ctrofis1i b 

racticed . In ddition, current ul tio r sulted in alvanotaxis 

with lo er pow r con ption. 

The vorag length of 57 trout , including four brown trout 

d 5.3 rainbow trout us d in th s 

ranue s 4.6 inches crid t· stan 

exp rim ,it , , a 10. 4 inch- s . The 

d d viation s 1 .03 inches . 

S veral trout died du.rin the tests d ~hortly t rwards, uut the 

cau e of death could not be associ ted with any partic lar form of 

tr at ent . eaths d1in '• 

Interpr etation of result .--A duty cycl of 35 er cent 

nd n abruptly p aked r . tangular voltag pulse shape er utiliz d 

in th galvanotaxic experiments employin interrupted · r c current . 

An optimum puls r petition rte was sou·it that would result in 

, "nimurn power requ.i.rer nts for anodic attraction of tro:..t . S::.nce 

tie intensity of n electric fi ld round n el-ctrod in th w ter 

d .r ses inf i.7li tely with each incr r nt of istanc i'rom th elec-

tro I the lar et lliptic 1 r i d sir d 
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(:Iaskell, 1954). This is particularly true for resistive streams 

here direct current electrofishiug loses its effectiveness. Although 

more data are necessary to isolate the most effective repetition 

rate within the optimum range of 76.6 to 124.0 pulses per second, the 

frequency of 9S.2 pulses per second is a good choice for the purpose 

of further experimentation. J.his frequency is near the midpoj_nt of 

tho optimum ranRG• Moreover, Taylor {1955) determined under sirdlir 

conditions th t 96 pulses per second was the optimum repetition rate 

for the galvanotaxie response of rainbow trout. ~uantitative in-

creases in curre11t density indicated that voltage levels could be 

reduced as water conductivity increased. 

Field tests 

collection.-•Following termination of experiments at 

the Bellvue Hatchery, necessary apparatus for an auxilliary unit to 

the 230 volt direct current generator was mounted en a panel (Figure 

2) . The motor for the interru.ptor could be oper ted in parallel with 

the resistive load by means of rheostats, or operated inaependently 

from an alternating current source. Whore the latter was used a 

full-wave rectifier prov~ded nececsary direct current for motor oper-

ation . Because of its less fragil construction, a tachometer re• , 

placed the use of a strobotack in adjusting repetition rate. 

In view of contr olled fish shocking tests, it seemed proba~ 

ble that the operatine; :range of the 230 vol t direct current genera.tor 

was increased by current pulsation . To what extent this assumption 

was true for various waters of this region was the subject of ensuing 



inv tigation. This ork is discussed from the standpoint of th 

two xtremes in ter resistivity. Special consideration was giv n 

to the po sibility of pulsed current for el ctrofishing in broad 

and/or d ep pools. Experieno in resistiv stream is rev1 ed 

fir t. Unles specifi d otherwis, diff rences in potential ar 
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230 volts. For brevity the abbreviations AC and DC will b us d in 

this discussion. Str am section l ngths ar p ced distanc s. 

Resistiv streams.--Initial test wer performed in 

Buckhorn Creek, all he d ter str am w t of Fort Collins, tribu-

tary to the Bi Thompson River. A hort ection of stream about 250 

feet in length was shock d thre time on July 5. The first trip nth 

DC yielded one rainbow trout. Th second sweep with puls d DC of 5 

volt d O.l amperes yielded fiv trout. These fi collected with 

DC. er app rently unaffected by th lectric hock. All fish r -

cuper ted, r m rked by fin removal, and r turned to th stream 

s ction. A third trip th AC throu thi ection produced t lv 

trout, three of hich wer c ptured pr vi.ously with pulsed DC. R la-

tiv to fish lo , ono brook trout, Salvelinus fontinalis, of 2.9 

inches total length was killed by AC and anoth r 3.8 inche lon 

appe red in critical condition. L gths of fish taken here rang 

from 2.9 inche to 9.5 inch • 

Another action of thi stream as shocked sev r 1 days 

1 ter with the sam sequ nee of current. Six fish, ten fi hand 

fifteen fish respectiv ly, were collect on successiv sweeps through 

thi ection. before, AC proved th most fficient form of cu.rr nt 

for fish collection her . Ho ver, two trout ot coll cted previously 
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on this date wer e killed by AC . Both were brook trout. One was 8.6 

inches in length , the other 3.5 inches long. Relative to DC , the 

interr upted current was superior to steady curr ent . No fish mortality 

occurred with DC . Barriers on this stream consisted of short riffles J 

in one case a beaver dam constituted the downstream terminus or a 

section. 

Collection of spawning suckers.,Catostomus spp., in the 

Ea.st Inlet to Grand Lake permitted additional study of these currents . 

East Inlet is a moderately swift deep stream, and in pl aces is diffi-

cult to wade, particularly during spring runoff . 'rhese data were 

collected July 18, 1957 . A specific resistivity of 75,128 ohm 

centimeters at 45°F. was recorded here . Pulsed DC and AC were used 

and unquestionably, the latter form of power was superior . Pulsed 

DC of 85 volts and 0.14 amperes was not sufficient to immobilize the 

fish . An electric seine as well as thr ee paddle elect rodes were 

tried here . Clearly the paddle electrodes wer e the more efficient 

of the two systems . 

Buckhorn Creek tests indicated a superiority of pulsed DC 

over steady DC , but pulsed DC was inferior to AC . The results in 

the East Inlet to Grand Lake clearly pointed out the deficiency of 

a pulsed DC of 85 volts in respect to 230 volts AC . It should be 

noted that 230 volts AC refers to an effective value . Peak voltage 

is actually 325 volts (230 x V 2 ) . The cyclical nature of AC 

and this peak voltage effect wer e thought to be the reason for the 

better success with AC . It was apparent from these tests that 

additional current was essential for successful DC electrofishing. 



Because current flowing betlreen electrodes may be incr eased by an 

increase in the ·.rol tage applied, a Ballantyne direct current 

dynam.otor rated at 0.16 amperes and 500 volts was incorporated into 

the equipment for soft, resistive water . Using a 6 or 12 volt 

battery, this dynamotor puts out a peak voltage of about 400 volts 

and 0 . 2 amperes . If the current drawn is greater than 0 . 2 amperes , 

the voltaae drops off correspondingly. Th rated output of this 
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unit is 80 watts , whether it i delivered as voltage or current. The 

dyne.motor was used in connection with a storage battery in the same 

manner as a power plant and the output interrupted by the pulsating 

unit . By using the dyne.motor, average DC voltage and current were 

nearly doubled. A second electrolytic 125 microfarad capacitor rated 

at 250 volts was necessary to handle the additional voltage . 

Four-hundred volts~ uas used first in Pennock Creek, 

a tributary of the Little South Fork of the Cache la Poudre River . 

Widths of this stream vary up to 30 .feet; maximum depth is about 

five feet . Here , a section of stream about 350 feet in length was 

selected for a comparison between 230 volts pulsed DC , 400 volts 

pulsed DC and 240 volts AC . Terminal boundaries of this section were 

satisfactory natural barri ers . The downstream barrier was a small 

concrete dam used for irrigation and the upstream terminus was a 

beaver darn . The first run with 230 volts pulsed DC , average values 

o.f 85 volts and 0.1 amperes , yielded ten trout which were marked and 

released. The second trip with 400 vol ts pulsed DC , average values 

of 150 volts and 0. 2 amperes, yielded )8 trout which also were marked 

and released. Twenty- eight fish were subsequently collected with 



240 vol ts AC. On of these, 7 .4 inch brown trout, did not recover 

from the shock. This fish had been ken pr viously on th first 

sweep with 230 volts pul ed DC. 

For further evidence of the hypothesis th t hi er DC 

volta es could b used advantageously in el ctrofishing, a series 

of three tests were mad on three sections of P nnock Cr ek. These 

tests w re conducted u st 4, 10, and 19, 1957. µections l, 2, 

and 3 were r o ctiv ly about 675, 625, and 525 fe tin length . As 

p rt of their summer c ip instruction, som of the Color do ot te 

University orestry students at Pingree Park participated in these 

tests. T bl 4 sumrnariz s th· catches of fish made in th .. e tests. 

S eeps with 220 volts pulsed DC d 240 volts AC were ad with 

thr electrod s, ld runs with 400 volt puls d DC w re mad with 

two electrodes. 

T ble 4.-- 0MB OF TROUT COLLECTID FROM THREE S~TIOUS OF P · l OCK 
CREEK TH TRO..! I IIMG . 1 UI • T • fi>LOYil G HRE.:. VOlirAG 
INTENSITI • 

Voltag 

S ction l 

S ction 2 

Section 3 

Total 

220 pulsed DC 400 puls d DC 

29 

40 
22 

91 

88 

110 

55 

253 

240 AC 

58 
79 

61 

198 
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The results in Table 4,. which shows the number of trout 

collected from Pennock Creek with three voltage levels, were examined 

by means of the statistical technique, analysis of variance. The 

11F11 value for voltage levels was significant at the 95 per cent 

confidence limit. The °F" value of 16.18 would occur in on.ly one 

sample out of 20 such samples as this, if the results with different 

voltage levels were due strictly to chance. A single degreo of 

freedom comparison of the two OC voltages against the AC voltage was 

not significant. On the other hand, a comparison of the two DC 

voltages was highly significant. The "Fu value was Jl.29. This is 

significant at the 99 per cent limit of confidence. 

Th nFn value for DC voltages indicates that higher voltage 

1s imperative to effective DC electrofishing in resistive streams. 

Results with 400 volts pulsed DC and 240 volts AC were not signifi-

cantly different. On the basis of trend, .t'urthor increase in DC 

voltage might result in proportionately mor~ effective :fish sampling 

with DC electrofishing equipment. 

On two occasions, J\.ugust 4 and 19, all fish collected in 

Pennock Creek were taken to the Forestry Summer Ca.mp where they wero 

held overnight in a live box. The following mornin the survivors 

- were carefully examined f or marks and injuries and returned to the 

section of Pennock Creek from which they had been captured. total 

lengths; species and marks of dead fish were recorded. Overnight 

mortalities and the observed dead at the time of shocking during all 

three tests are recorded in the following table: 



Table , .... 01PAI ISO, 1' THR VOLTAG LEV• Al D TRtliJT MOHTALI'.fY 
RECO ED IN P • fflOCK CREEK . 

Per cent 
dea.d of' 

Number Numoer total verage 
Group Voltag c ,etured dead captured length 

l 220 DC 91 l 1 .1 6.8 

2 400 DC 253 12 4.7 3.4 
3 240 AC 198 l 0.5 3.6 

Table 5 se ms to indicate the danger associated with hi~ er 

volta es . It sr.oul d be notod that vera ize of the dad fish was 

about 3. 6 inches . fot uncommonly, these small fish wer not noticed 

until they were in close proximity to the electrodes . This exposed 

them to an intens field, and probably resulted in he vy paralysis . 

Death is believed due to suffocation, (respiratory par lysis) h rt 

failure , or both . 

That danger to fish is increased by utilizing higher volt• 

ari:e is conceded. On the basi.:1 of evidence presented in Table 5, 
mortality may be increas d by factor s of four to nine by the appli-

c tion of 400 volts DC to the electr odes . Bee use of optimum anodic 

response with this voltage , there w s a natur 1 tendency on the part 

of electrode operators to seek out fish lying in out- of- the- way 

places . Some of these areas harbored the youn~ fish that seemed 

particularly vulnerable . The use of such voltage obviously must be 

accompani d by caution. Nursery areas , !.:.£· 1 shallow backwater areas , 
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for small fish probably should be avoided, unless mortality of fish 

is of minor consequenc. Care probably should be exercised 1t1en 

proceeding into large pools where there is risk of increased turbidity. 

It appears that suoh pools should be shocked carefully so as to 

immobilize a few fish at a time, removlng them prompt,ly to safety. 

Under conditions of these tests, a second c tching electrode probably 

would h ve reduced volt.age requirements for effective work . Vvltage 

control to reduce field intensity is neces ary to minimize fish 

Eortality. How ver, no volta;;e regulation was possible in this 

instance,. and the use of three electrodes would have caused an ex-

cessive overload of the dyna.~otor. 

For further evidence of the efficiency of 240 volts C 

compared with 400 volts DC , two tim, trials were conducted. in the 

Littlo South Fork of the Cache la Poudre River . ~'his stream is 

smaller than the East Inle~ to Grand Lake , but the water approaches 

the specific resistivity of this strea.t:1. 1/iben these experiments 

wore run, the sp cific resistivity was about 58, 989 ohm centimeters. 

rater temperature wno 52°F. It u s necessary to tine th experiments 

here because stream mdth &nd size did not permit a complete span of 

the stream. The technique used consisted of working cover near 

either side of the stream with two electrodes. When a time period 

had elapsed, the power vas changed and shocking upstrear1 resumed. 

Of these fish only one was killed. It was a. brook trout 

1.8 inches in length , and death probably we.s dua to suffocation. 

It was killed on the second trial with hOO volts DC. 



Table 6. - • NUMBrRS OF TROUT CO THE T'l'L ' SOUTI • ORK OF 
'I' C CHE .. C R,.,, IVc; ll'LOYIU" ... OLrAG· I ITI • 

D t 

1/30/51 

8/20/57 

240 volts AC 

8 

22 

400 volt DC 

13 

.32 

Time 

JO ' 
601 

The Chi-square test of homogen ity was appli d to thes 

dat . Avera a val es fore ch sequenc of tests wer used as th 

be~t estimate of expected values . The computed Chi~squar value 

of 3. 02 le tor jection of th hypoth si of a real differenc 

in efficiencies of DC and AC . ow ver , th prob bility of a chance 

Chi- squ re this large or lar er is about 22 . 5 per cent . Hence , 

thio i weak evidence inf vor of hiP er DC voltage for electro-

fishin . 

After high water had subsided, test w re begun on t he 

Cache la Poudre River. The first sit to b tudied was the section 

of' stream imrnedi tely below th dam at the mouth of Poudre Canyon. 

This work performed August 23 , 1957 . This section might be 

c tei:,ori zed s oder tely lar stre • Volume of flow was about 

400 cubic feet er second. Stre width v ries up to l O f et, and 

water depths ext nd to six feet or more . t is point, it i still 

relativ ly low in electrolytes. Resistivity a 16, 691 ohm c nti-

eters t the standard temp rature. A t man rubber raft was sed 

her to haul th e erator and ulsating unit . Th are shocked 
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first with steady DC voltage maintaining ate foot spr ead as nearly 

as possible. A npath" was selected that seemed to hold the most 

promise of fish . Three small fish were collected on the first trip. 

A aubsequeJ'lt run following the first course with pulsed DC yielded 

ten fi•·h, one of which died. Although this experiment indicated 

the ad·v-ant ge of current interruption, another point was affirmed. 
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It is essenti l to place an electric field. a.bout a fish in order to 

in.mobilize and collect 1 t. Attempts to orient the field from a 

rubber raft were bandoned as futile . The conclusion was reached 

that were water depth did not enrit wading, an ineff ctive sampling 

of the fish population was th~ result. UecognizinN the inade uacy 

of available electrode systems, further effort to evaluate current 

pulsation in large waters was suspended. 

Recognimg equipment limitation for the lower Cache la 

Poudre River, s, •i.ta.ble side chann ls were sou1,1ht where tests might 

be performed. A sect:i on of stream near M:tshawaka was sampled with 

both 240 volts AC and 400 volts 9ulsed I'C. teither :form of power 

was found well-suited for fish collection work under the conditions 

that existed in this location. Therefore higher voltage and current 

ere judged to be necessary. Utilizing a second dyne.motor in p ral-

lel with the firs t resulted in an averar,e inorease of LO volts and 

0.06 ~mperes. The res ults were still unsatisfactory. 

A third dyna,"T!otor was added t.o the generating equipment 

and tested September 11, 1957 on " side channel ne:J.r Sportsman Lodge . 

Work ne r Mishawaka was r'.iscontinued because of wadin difficulties . 
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1 tr r istivities at the to loc tion re similar . a th thr 

dynamotors , aver ad uls d volte e was 205 olt and 0 . 30 re . 

Thi e of S vol ts an 1 0. 0h .,p res . fore 

dr in 18 fish w r 

r turn to the tream unh rmed. The . e 

coll ct d, 

cti of 

tr am w s shocked w.i.th 240 volt AC the followin~ y . 

re collect on this tri , one of which did not reco~ r . 

10. 3 inch bro t r out. Chi-sq ar for the d t i 3.00 . This 

valu i i nificant t the 91 . 5 per c nt level of confirl nc . • Thi 

the only test c n uct d er DC v lt e oft is ma_ itude 

ppll d o the electro'e . It should not d that is was cco -

plished without injury or mort lity o fish . 

r i tivity, to experi 

H re, 

r extr of w ter 

r run on th ... orth For of the C ch 

cif'c r, i tivit •as about 6,127 

centi eters . 'lectrofishi g t t ady .d uls 

co p r d during the f'.r t t st,. A.bo1t 300 :f et o stream b low 

r.i i s shocke • Si ce thE. ir t run th ,t dy C yield d 

only 0ix fish , a second ea with ul~e :00 v am de·, ediat ly 

afte rd . Aver e ot nti 1 d curr nt r 20 volts an 0.9 

re pectively. Thi time 55 fi h re collected d site a 

broken c bl that end d thee nt before the u tr oundary 

s r ohed. About 40 lL'l r 

with puls volt e . 

'Whit sucker, Cato t u 

r cov r fro narco is . 

t of th s ction er not shocked 

dace, Rhinich h;y: __________ , a 

rsonii, brown trout failed to 
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Figure 7 •• -some of the electrical equipment employed during 
th electrofishin8 experiments. 

Figure 8.--Electro£1sh1n.g in the Cache la Poud.re River. 
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A nearby section of stream about 200 feet in length was 

shocked on another occasion. Sixteen fish were collected with steady 

DC . Before the sweep with pulsed DC , captured fish were released 

singly in an e£fort to determine optimum pul sed voltage . Electrodes 

were held about ten feet apart, a fish dropped between them, and 

the fish response observed. Voltages of 130, 150, 160 and 180 were 

tried and the latter selected. At the lesser voltages , there seemed 

to be some escape from the field between electrodes . Eighty- four 

fish were collect ed during the sweep with interrupted voltage. Four 

trout, 7. 7 inches to 16.0 inches total length , and one western white 

sucker were killed. Apparently a lesser voltage should have been 

employed here . 

Perhaps fish loss could have been mitigated in the previous 

two tests by the application of lower pulsed voltages . Clearly, 

caution in voltage selection is indicated by these tests . Unquestion-

ably, the tests indicated the superiority of pulsed voltage . Homo-

geneity Chi- square for the pooled results was 85 . 00, which is signi-

ficant at the 01 per cent level of confidence . Water temperature 

of the North Fork of the Cache la Poudre River during this per iod 

was about 73°F . Stream flow approximated 10 cubic feet per second. 

The above tests were performed August 9 and 12 , 1957. 

A sect ion of the Cache la Poudre River near Timnath , 

Colorado, typifying hard, conductive water was selected subsequently 

for study. September 5, 1957, specific resistivity wae about 1 , 226 

ohm cent imeters at 70°F . Steady DC of 63 volts resulted in anodic 

attraction, althoup,h fish response was improved by the application 



of 127 volts. The fomer potential probably approximates the mini-

mum steady voltage for such locations. The current measured for thi 

potential was 5. 6 ampere • Pulsed values of )6 volts and 1.18 am-

peres, r sulted in compa.rabl efficiency. 'fhe duty cycle w s 26 per 

cent during this test. Why this is true cannot be explained satis-

factorily. Whether commutator brushes were making poor contact, or 

whether it was some other mechanical or electrical phenomenon, can 

not be assert d. In any event, thi voltage and duty cycle r sulted 

in anodic ttraetion. Tentatively, power economy seemed to be the 

only advantage of pulsed current here. Additional work with a 35 
per cent duty cycl should b perfomed to determine whether or 

not interrupted current of this nature has advantage over steady 

equivalent DC voltage. Necessaey interrupted cun-ent was about 12 

per cent of the steady DC power. An abundant coarse fish population 

facilitated this experiment. No fish mortalities were observed her • 
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To substantiate the hypothesis that lesser pulsed voltages 

could be employed in moderately ha.rd waters, a series of tests was 

conducted in several treams harboring trout as well as less de-

sirable species. The streams selected for this purpose included the 

Laramie River, North Platte River, chigan River and orth Fork or 
the Cache la Poudre River. All streams were comparatively low, clear, 

and presented nearly ideal electrofishing conditions. These experi-

ment were performed during the period September 11 through September 

2 8, 1957. Steady DC vol tag es, average pulsed voltages , average 

pulsed current, and water resisti v1 ty appear in Table 7. Average 



voltage and current should be considered as approximate and indica.• 

tive of the optimum levels at which satisfactory fish collections 

can be made. 
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Table 7 .-..STEADY D!RB;T CUHRENT VOLTAGES AND AVER.AGE PULSED VOLTAGES 
AND CURRENTS RFJ;}UIRED FOR OPTIMUM FISH RESPONSE IN FOUR STREAMS. 

Average Specific 
Average pulsed resistivity 

Stea~ pulsed current ohm 
voltag voltage in amperes centimeters 

Laramie River 120 38 0. 24 5,717 
North Platte River 110 33 0. 32 4,126 

chigan River 90 30 0 . 30 3,301 

North Fork Cache 
la Poudre River 90 30 0.34 4,124 

!/ Voltage measured before current interruption . 

Sui table pulsed cu:-rents were established by making several sweeps 

through a stream section, increasing the voltage if necessary. For 

example, in a section of the North Platte River, an average voltage 

or 26 volts and 0.22 amperes was tested first. This was found in-

effective and voltage was increased to 33 volts. The average current 

was 0 . 32 amperes. This intensity seemed to be sufficient . For 

comparison, voltage was increased to 48 volts ltlere current was 0 . 44 

amperes . The number of fish captured remained the same. The addi-

tional power apparently did not increase efficiency. 

Moderately convincing evidence of a differential response 

of suckers and trout to an electric field was observed in the North 
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Fork of the Cache la Poudre River . i-Alite suckers and longnose suckers, 

Catostomus catostomus,were affected slightly by a pulsed current of 

19 volts and 0.25 amperes lilile brown trout were unaffected. An 

increase to 2.3 volts and 0.30 amperes brought about better anodic 

attraction and narcosis or suckers, but trout were able to leave the 

positive electrode and the electric field. Moving into shallow, fast 

water, it was apparent that the latter potential was not adequate to 

immobilize the trout. When field intensity was increased to 30 volts 

and 0 • .34 amperes trout responded to the positive electrode and were 

recovered easily with a dip net. Length rangee of these two groups 

were similar. This differential susceptibility to electric shock 

might be employed deliberately in the capture of suckers from com-

parable stream locations . 

To conclude the series of tests in conductive water utili-

zing pulsed DC and equivalent steady oo. a section of the Cache la 

Poudre River near North Shields Street Bridge was shocked. The length 

of the section was 400 feet. Beginning on a riffle, electrode oper-

ators proceeded upstream to a large pool immediately below a culvert. 

Specific resistivity was 6,571 ohm centimeters. 

The first sweep with a stee.dy current of 225 volts and 1.95 

amperes yielded 96 fish of various species. The .following day I a 

run through the same seetion with a pulsed current of 90 volts and 

0.95 amperes produced 314 fish, with minor exception indicating the 

same species composition. It should be noted that these values 

approximate a 40 per cent duty cycle relative to generator voltage 

output. Not uncommonly the duty cycle increased to a small extent 



due to gr t r current loads at higher lt g s. Arcing could b 

reduc d by volta e reduction, but for this te t, voltag s lett, 

int tionally at th maximum lev 1. antit tiv vid nc of dd 

physiologic l timul tion and th associ t d ortality figur s were 

de ired. Of 314 fi h collect d, d, d it is 

tirely pos ibl that ot er occurred. O! 

this total, 75 pr cent of the fish w r ls th fiv inch sin 
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l ngt • Thu , pul current yi ld d a larger fi .ple, t about 

ll.$ r c nt of the fish d pr bly due to uffoc tion an 

heart failur • Thi t t vividly e pha ized need of volt ge 

control. 

Fi ortalitz injury.--Jack on (1955&) h s di c ed 

1n d tail c rtain f ctor associat d with ortality of fish when 

subjected to an electrical field; Un r simulat d natural conditions 

t th Bellwe H tch ry, h etentl.n d mortal.ities of qual n bers 

of rainbow trout coll ct d with 220 volt , 220 volts AC and 160 

volts AG. Th latter voltave is an !feet.iv lu J it 1 th peak 

or ma.ximum volt e divid d by the squ r root of tw • Henc , me.xi-

JllUJI\ AC vol-ta 1s approxim tely c I rabl to 220 volts DC. Trout 

mort lities r corded over seven day perio ere ,30 er cent for 

DC, 55 p r c nt for 220 volt AC, and 40 p r c nt for 160 volts AG. 

Th s p rcenta es indicat th t a certain or li ty can be xpected 

with eith r DC or .A.C current, sn po sibly AC i th or dangerous 

to fi h. Moreover, hi r voltages perh ps y c us high fish 

ort liti s. 



Although it would not be justifiable to project these re-

sults to electrofishing in natural stream conditions, limited mortal-

1 ty probably can be anticipated with either form of power. Aa an ex-

ample of fish mortality under natural conditions, of total of 284 

trout and whitefish, Prosopium willianisoni, collected during a popula-

tion study on a Wyoming stream during 1956, four whitefish died after 

DC electrof1sh1.ng. This mortality definitely can be ascribed to the 

operation, but cause of death cannot be related positively to shook. 

Human handlin of fish in dip nets ay have ha an ffeot 011 the 

observed mortality. 

During the present study, 1,660 fish were shocked and ex-

amined closely during field tests. This figure includes only those 

fish captured and retained in liv boxes for canparatively brief 

period&. O'oserved mortality was 66 .fish, or 3.47 per cent of the 

total. Although immediate oauae of death was not ostablished, mor-

tality probably was due mainly to paralysis or t~e respiratory 

system d heart failuro. Abcut 55 per cent of this mortality w-as 

ineurred deliberately to 001.pha ize the danger in exoessi ve vol·liage. 

Clearly voltage control is essential to allay excessive mortality. 

A few example of vert bral sepa.rati n were noted» ba. t de-

tailed information relative to their occurrence is lacking. External 

black markings characteristic of int~rn 1 hemorrhage ,d ir~ury were 

noted on six fish collected in ennock Creek. Walch (1949) has 

called ttention to this type of atiocker inJury, and Jackson {1955a.) 

has examined and described carefully the trauma that aomet:unes occurs. 

Without exception thet;;e .. rks were found on the post rior one-half 
of the body. Three fish were collected with 400 vol ts DC and three 
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fish with AC . To wa:t extent these injuries were incapacitative 

was not determined. Following a retention period ot about 16 hours, 

the f'iah were, returned to Pennock Creek. Jackson (l9$5a.) cites 

evidence that some shocker injuries may heal properl.y and produce 

little permanent debilitation. Three out of five injured brown t r out 

· retained for abo11t 18 months were in the latter category. The other 

two showed definite weight loss and physical impairment. In view of 

his findings, not all fish w.1. th this type of internal injury are lost 

to fishermen . 

Electrode Blstems.--timited comments regarding electrode 

arrangements are war:ranted. The electric seine described briefly 

in Chapter II was employed on two occasions . This device can be 

visualized as a floating rubber cable to lil:ioh are attached alter-

nately in parallel four- inch by :f'i.ve• inch ellipsoidal copper floats 

and one-half inch shielding cables i'our feet long. There are four 

floats and five pendant shielding cables separated by five foot 

intervals. One and one-half inch poles on either end facilitate 

movement of the ~O foot seine. According to theory, electrical field 

intensity is limited near the distal ends of the shielding cables 

due to the fact that electricity Ukes the path of least l"esistanee . 

Hence, the effective field probably is restricted. to the immediate 

vicinity of the surface of the water. Results in the resistant water 

0£ E.ast Inlet to Orand take were unsatisfactory. The seine was given 

limited trial in the moderately hard water of the North Fork of 

Cache la Poudre River. Here also the seine was inferior to paddle 

electrodes . Moreover, electrolysis along the uppermost six inches 
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of pendant electrodes suggested that electric current was not evenly 

distributed throup-,hout the area between shielding cables and the 

copper flo ts. Electrodes of equal length mi ~ht serve to improve the 

electric field. Perhaps a certain amount of rigidity would tend to 

eliminate field concentration but changes in water depth would com• 

plicate mobility. lio further work was done with this device. 

A technique that mi ght have merit in pools too deep to wade 

was tried on the . orth Fork of Cache la Poudre iver. A length of 

number 12 wire was stretched across a pool and anchored by rocks in 

midstream. Th wire was connected to the negative terminal of the 

generator and a paddle electrode was fished on either side of it. 

Two sweeps through this pool utilizing this rrangement yi lded 22 

fish. In contrast two runs through the sarno area nth a negative 

and positive electrode yielded 10 fish. Th fomer method is advan-

tareous in that it allows two catching electrodes. 

Because much of the field work was carried out by two men, 

it was advantageous, particularly for re electrofishing, to determine 

whether a second catchin electrode would produce larger fish samples 

than those obtained with a single positive electrode. By permanent 

location of the negative electrode, two catching electrodes can be 

utilized. Two evaluations of such a nature were performed. 

The first test was conducted on the Cache la Poudre River 

near Timnath , Colorado. Specific resistivity was 2,162 ohm centi• 

meters. Steady DC of 22$ volts was employed in this test . An iron 

stake driven into the stream bank t o a depth of about 13 inches 

served s the negative. Two positive electrodes were fished in the 
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vicinity. Ono creek chub, Semotilus atromaculatus, was turned or 

seen briefly with this arrangement. Utilizing th.e conventional system 

of a negative and positive paddle electrode, several suckers and 

creek chubs were noted. Current drawn by the former arrangement was 

about 2.4 amperes with two positive electrodes immersed. iith the 

conventional ungrounded arrangement, a current of 4.6 amperes was 

recorded. The latter system was preferable since field orientation 

was in a horizontal plane between electrodes. The circuit with a. 

grounded negative was through the stream bottom to a point beneath 

each electrode. Therefore, the effective electrical zone surrounding 

each positive electrode probably was limited, as indicated by ele.ctro ... 

fishing results. 

The second test employin a stationary negative electrode 

was conducted in Pennock Creek. The specific resistivity was 24,205 
ohm centimeters. An average pulsed voltage of about 80 volts was 

employed in this experiment. The first run through the 350 foot 

section of stream with a negative and positive electrode yielded ten 

trout which were marked and released. Submerging the negati v, elec ... 

trode near the generator, a second sweep through the same section 

was made with two positive electrodes. This run produced six trout. 

Although fish were stii~ulated throughout this run, trout collections 

were not made until the positive electrodes were within 15 feet of 

the negative electrode. This test indicated that long electrode 

spans weakened fi.eld intensity to the extent that fish were not 

narcotized. 



Since a st tionary ne tive 1 trode did not to offer 

ny dvanta es , furth r c n ider tion of the rr ge • nt s band-

oned. To obil lect r e , n tie d siti , were a~ loyed 

i subs qu nt field t ts . 

Befor continuing, it u ems ppropriat tor pitu.late th 

inform. tion ccwnulated during t fie t s • All relev t data 

re collected , ith paddle olectro es of 2 50 squ re ch s n ucting 

urf ce . lsed ·rect current s com red with 2h0 olts lter-

natin current in tr am reas wh resp cific rs 

16, 692 o cen im ters . ~rom this upp r li. t to 1, 110 hm centi-

eters , uls d direct current wa co. rd to the equiv lent, or 

greater st dy direct current voltage . Current pulsation w s ccom-

plished by the otor- drlven commutator bru as bly cribed in 

Ch pter II. The duty cycle o eneratin" equi ment loyed w 

proximately 35 per c nt . A repetition rt of bout 95.2 puls s 

per second was used throughout the fi ld t sts . 

c us of its g 1 notaxic pro erti s, dir ct cirrent er-

haps is pr erable to alternatin current for l ctrofishing . R -

aults th 230 volts pulsed clir ct current in r sisti e ters indi-

cated th t to achieve efficiency cm rable to th t of lt rnating 

current, direct curr nt volt ha to be incr sed. Tabl 8 and 

i r 9 s'10 ho currents rawn by th el ctrode escribed bov 

vn.ry wi ch n es in a ecific r sist,ivity. To eff ct greater curren 

in r i tiv water , it was neces to increa e vol l vel . 

On, t , and fin lly thre dynamotors in p llel r ted t 500 volt 

and 0.16 amperes provid d the eans by ich uitabl 1 ctric fi ld 
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Table 8.-SPB.;Tft'I R&S.LS'rIVITihS AND CUH.RENTS DRAWN BY TWO ELECTRODES 
1-IITH 195 TO 230 VOLTS DIRECT CURREN'!' AT 11 LOCATIONS IN NORTH-

1 STERN COLOilADO . 

Location 

Cache la Poudre iver 
(Three miles south of 
Wind or) 

Cache la Poudre River 
(Timnath) 

Cache la Poudr River 
(Timnath) 

Cache la Poudre River 
(1~orth 'hields Street) 

Colorado River 
(Camp Ouray Brid~e) 

Colorado River 
(One mile downstream 
from Granby Dam) 

Cache la Poudre River 

Date 

8/30/57 

9/5/57 

7/22/57 

9/7/57 

7/19/57 

7/19/57 

(Mouth of Poudre Canyon) 9/23/57 

Cache la Poudre River 
(Poudre Ponds) 9/3/57 

Pennock Creek 8/19/57 
Little South Fork of the 
Cache la Poudre River 8/20/57 

East Inlet to 
Grand Lake 7/18/57 

Specific 
resistivity in 
ohm centimeters 

at 77°F. 

691 

1,110 

2,162 

6,571 

10,792 

16,692 

2L.,560 

29,754 

h2,.746 

49,036 

Currents 
in amperes 

12.0 

4.6 

. 88 

.62 

.74 

.22 

.16 

.12 
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Figure 9.--Specific resistivities and currents drawn by two 
electrodes with 195 to 230 volts direct current 
at U locations in northeastern Colorado . 
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co ld be established i resistant waters . Generating equipment did 

not permit compariso~ of toady direct current voltage and interrupted 

v:>ltage . IIowev r , a pulsed voltage that avoraged 205 volts and 0 . 30 

·lPe es provided a sufficiently intense electr ical field to indicate 

a superi ority of pulsed oirect current over 240 volts alternating 

curr nt . Water resistivity was 42 , 343 ohm centimeters during these 

tests . The stream temperature was 50°F . 

Table 8 and Figure 9 indicate that current is ample t 

low resistivities . As a matter of fact, since the water is such a 

good conductor of electr icity, one of three courses of action is r e-

quired. A genera.tor wit sufficiently r.igh current ca acity may be 

used. As alternatives to this , electrode size may be reduced, or 

a field rheostat may be enployed to reduce generator voltage across 

the lectrodes . Of the three alternatives , the latter &eems prefer-

able . At a resistivity of 1 , 110 ohm centi1:1et rs a potential of 63 

v-olts of steady d.i1•ect current on the electro es provided an adequate 

electrical field for fish colleetJ.on . At this voltage a current of 

5.6 amperes wa r ecorded. A pulsed direct current voltage of 36 volts 

e.nd 1.18 amperes of curr£>,nt provided comparable el ect :rofishin 

success. Power used with pulsed. volt.age amounted to 12 per cent 0£ 

that requir ed with tead,y direct ~urrent voltage. 

Table 9 Md Figure 10 indicate gr p."'lically how speoific re-

sieti vi ties vary over a 78 mil e stretch of the Cache la Poudre Ri ver . 

The altitude of ~tation o, about three mil es south of Windsor, is 

approximately 5, 000 feet; the elevation of Station 78 is about 8, 200 

feet . Station numbers correspond to th estimated stream mileages 



fro:m Station o. Maps of the area were used to make estimates of 

distances a.~d altitudes . 

Table 9 . - --SPECIFIC R ISTIVITIES OF ll WA'rER SA 1P~ FROM TI E CACHE 
LA OUDRE RIVER l!XPR~f :J.-!1) AS OHM GEWCr..•\-U,_,"J.' ·, S, c01r-1.;;nTED ·ro THE 
STA,IDARD TEMPERATURE OF 77°FAHRENHEIT . 

Specific 
resistivity Da.t 

StatioJ/ 
in ohm centimeters a..mple 

Location at 77°F' . collect ed 

Windsor 0 691 8/3%57 
Timnath 9 1 , 110 9/5 57 
rospect Bridge 13 700 9/7/57 

Linden Bridge 16 6,452 9/5/57 
Shield Bridge 18 6,571 9/5/57 
Mouth of Canyon 31 16,692 8/23/57 
Columbine 38 23, 025 8/26/57 
? shawaka 42 24,419 9/3/ 57 
Indian Meadows 54 24, 699 8/2%57 
P udre Ponds 67 24,560 9/3 57 
S ortsma.n Lodge 78 29,798 8/26/57 
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1 Station corresponds to map-estim ted stream mileage with station 
as the referenc int . 

It is apparent from Tabl 9 and Figure 10 that wide varia-

tions in specific resistivity can be expected . Over this 78 mile 

lenpth of river resistivity vari •d 4, 300 per cent . From is it may 

be understood readily that curr nts drawn by paddle elect rodes will 

exhibit proportionately wide variation. Although comm rcially 

distilled water may have a resistance of 5001000 ohm centimet.ers , 

the highest water resistivity recorded during field tests was 75,128 

ohm cent imeters at 45°F. This resistivity was recorded in the East 

Inlet to Gr and Lale . Alternating volt e with peak to peak volta e 

of 650 volts (2 x y---2' x 230 volts) permitted capt.ure of some 
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Figure 10.-Specifio resistivities of ll water samples from 
the r.aehe la Poud.re River expressed as ohm 
centimeters, corrected to the standard tempera-
ture. 
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fish at ·\;his resistivity. Comparable direct current voltage has 

not been tried in this location. 

Table lO is a summarization of pertinent data recorded 

durin electrofishin,, experiments utilizing pulsed direct current. 

These data approximate required pulsed voltages and currents for 

acceptable eleetrofishing results under the listed conditions. Where 

volta e selection wa.s possible , optimum pulsed voltage was deter ... 

mined experiment lly by obsgrr....nc fish reoponse. Info .. ·mation pre--

sented for the tiro highest resistivities was secured by tb.e use of 

high voltage, low current dyna.motors. 

Average pulsed ourrents ware recorded as accurately as 

pos~ible over comparable stream bottoms at equivalent water depths 
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and employing a parallel ten foot spread between two paddle electrodes. 

Currents increased with greater depths and bottom siltation. Hence 

efforts were made to minimizo the extent of these variables by a 

deliberate choice of recording site. Duty cycles varied from 26 

to 41 per cent during these tests. 

Table 10 covers a range of water rasistiv·ities four times 

larger than the ttnormal11 range mentioned by Meyer- Waarden ( 1957) . 

~e extremes of water resistivity- required t.11.e highest vo1t .. &1pere 

relationship for eff ective shooking . It should be noted that the - -----
hi&iest volt•ampera !eouirement about 2.46 por 2f the rated 

watt,ap.;e caeacity 21$00 direct current genera.tors commonlz 

in Colorado and fyomingl 'These data indicate that a.n average 

pulsed voltage of 30 to 40 volts minimum value is required at the 
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four lowest resistivities. At the three highest resistivities, 

increased voltage is necessary to gain a proportionate increase in 

current density. 
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It should noted that these four streams differ in width., 

average depth, and volume of flow, as well as in terms of specific 

resistivity. No accurate measurements of these features were made. 

Undoubtedly these additional three variables are important. For 

example., an average pulsed voltage of 165 volts was adequate for 

Pennock Creek, but too low for the Cache la Poudre River. The volume 

of Pennock Creek was about 8 cubic feet per second, while the flow 

of the Cache la Poudre River was about 400 cubic feet per second. 

For larger streams such as the Cache la Poudre River, a 

second catching electrode is advantageous. Table ll and Figure 11 

shows the relationship of currents drawn by three electrodes to 

currents drawn by two electrodes. Both steady current and pulsed 

eurrent are graphed, except for the lowest resistivity. Available 

equipment did not allow current measurem.ent with pulsed voltage at 

this resistivity. Average pulsed voltage was not recorded during 

these measurements . These data were recorded October 12, 1957. 
Table 11 and Figure 11 indicate that within the specific 

resistivity range of 1,2)3 ohm-centimeters to 13,303 ohm-centimeters., 

corrected to the standard temperature, currents drawn by three elec-

trodes are about one-thi~d greater t han currents drawn by two elec-

trodes. This 1s true whether steady direct current voltage or pulsod 

voltage is applied to the electrodes. ·whether or not this relation-

ship holds true beyond this resistivity range has not been deter-
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Figure 11.-neasurements of steady current with a potential 
of 225 volts direct currant and average pulsed 
ourren ts with two o.nd -w1 th three paddle electrode, 
in stream locations of four specific resistivi'ties.-
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mined, but it seems likely that ir. does . 

Since specific resistivity is such an important phenomenon 

of water, a limited oiscussion of the subject o.y be justified. 

Because water m.a1 be a good insulator or a good conductor, the im• 

portance of specific resistivity to electrofishing can not be under-

estimated. 
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Speei.fio resistivity of water refers to a moasurement of 

dissolved electrolytes . A conductivity bridge is ordiuarily employed 

to determine this value. The result is usually expressed in terms 

of ohm centimeters at a certain temperature . If desired , the same 

value may be express d as specific conctuct.ivity by takin the re-

ciprocal of sp,cific resistivity. 

The dissolved solids that normEtlly contribute to th re-

sistivity of natural waters include the carbonates, sulphates, and 

chlorides of 1.;a.lcium, magnesium,. sodium, and potassium, silicic acid, 

and small amounts of nitrogen and phospl oru.s. Of less frequl.nt 

occurTence, compounds of iron, magnesium and varying amounts of 

organic matter may be present (Ruttner , Transl . by Frey and Fry, 

1953). Heavier mineralization results in a reduction of specific re• 

sistivity. A low r temporat·1Jre produces a higher resistivity. 

McMillan (1928) plotted 15 specific resistivities of different waters 

against templ:iratures on semilogarithmic paper and determined that the 

resistivity curves at various temperatures were strai !)it lines and 

parallel to one another. Therefore, specific rosistivities may be 

compared to one another at a co,rJ11011 reference ter.,perat.ure. Jackson 

(1955a) presents a table of temper ture factors for use in correcting 



specific resistivities to the standard temperature of 77°F. This 

table, adapted from t. A. Richards (19h7), is included in the 

appendix. 
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Seasonal variations in resistivity are common. Ordinarily 

low stream levels may be associated with lower specific resistivities 

because of less runoff that is low in electrolytes. Over a four day 

period 10 and 12 per cent variations in specific resistivities were 

noted in water samples collected from the Cache la Poudre River. 

Succinctly, it should be recognized that specific resistivities vary 

perceptibly from one location to another on the same stream, and 

probably vary throughout the season for a single location on a 

stream. Clearly, these variations in specific resistivity will in-

fluence voltage and current requirements for effective eleotrofish-

ing. 

German electrofishing equipment.•-As mentioned in Chapter 

II, a GGrman electrofishing apparatus similar to the Salmo...Super 

described by Meyer- Waarden (1957) -was secured from Utah State Univer-

sity. Although reports on this type of equipment were not in uni-

form agreement relative to its efficiency, German reports and the 

small bulk of the impulse generator were sufficient reason to test 

the device under laboratocy- and field conditions. 

Upon arrival, the German impulse generator was known to be 

defective . Professor John E. Dean, Head of the Electrical Engineer-

ing Department, examined it and made necessary repairs. Initially, 

current drawn by the unit was 35 amperes. After reversing several 

leads, current was reduced to four ampere, a more reasonable load. 



Several badly burned vibr ator contacts also had to be changed. Follow-

ing thes repairs , the unit was t r ied at the Bellvue H tchery and 

ins veral streams . All tests wer e equally disappointing. Exposed 

to ma.ximwn output in the fish shocking tank, trout were mer ly stimu-

lated into slight movement, exhibiting a Code l response . During one 

stream test when fish were collected with the m1it, th.re cutthroat 

trou.t , Salmo clarkii , were captured in about 200 feet of stream. For 

comparison, a single small pool in the same area was shocked -with 115 

volts lternating current and JO trout of various sizes were recovered. 

These experiments sug ested that certain unknown def cts 

probably remained. Meyer- waarden (1951) described a unit similar to 

the one tested that presumably was effective for electrofishing. Re-

quest s of the manufacturer for a parts list and cir cuit diagram were 

not acknowledged. Following a change in management of the company, 

letters of compl aint about the equipment were unanswered.!/ ithout 

a circuit diagram, general repair of the unit seemed inadvisable, 

and it was returned to Utah Stat University. 

It should be not d that the German impulse generator as 

compact ly designed. The 12 volt battery could be slung by straps to 

the generator, thereby making one load of about 70 pounds . The 

vibrator seemed to b particularly well constructed and apparently 

c pable of extended e. The generator included a feature that per-

mitted battery recharge from 110 volt lternating current. This 

would result in a certain economy of aper tion. 

y Letter f r om w. F. Sigler, Utah State University, dated Au st 13, 
1956 to the author. 



The electrode system was delicate in comparison to equip-

ment used in Colorado and Wyoming. \!iring was lighter in weight 
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and connect.ions weaker than those ordinarily used in this area. 

Threaded connections of the collapsible dip net lacked necessary 

rigidity for r:1oderately strenuous field use.. Dip net material re• 

sembled plastic, lacked durability, and was more difficult to repair 

than cotton net. 

Although the German impulse generator incorporates four 

desirable fe•turea 1 !!!•, battery operation, limited bulk, voltage 

selection and current pulsation, the range of equipment application 

is limited, Considering voltage requirements in resistive mountain 

streams, which probably are at least $20 volts direct current, the 

equip:ment is obviously underrated at 250 volts direct current. Meyer-

Waarden (1957) mentions a "nonnal average range" of 11000 to l0,000 

ohm centimeters and the complications involved when working in waters 

beyond this range. Resistivities from 200 olun centimeters (Jackson, 

1955a) to 75,128 ohm centimeters have been recorded in Colorado. 

Plainly equipment such as that tested will not acoo.'lU!lodate this range 

or needs. The basic principles are good, if the range o! application 

could be extended. However, past experience has indicated a lack 

of cooperation on the part of German manufacturers to requests for 

inf'orme.tion. Unless a change of attitude has occurred, difficulties 

in correspondence might continue to be a handicap to equipment 

:maintenance and further improvement of the Oerman apparatus .. 
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Variable voltage pulsating ~•••Fish collection on stre8ll'18 

by the use of alternating current and direct current electro£ishing 

equipment has been discussed. Observations have been made on re-

sistive streams and conductive stream locations and on eom inter-

mediate water types. Field experiments have indicated that the gal-

vanotaxic property of direct current may be exploited throughout 

the range of water resistivities studies. Specific res1et1v1ties of 

streams in northeastern Colorado have varied !rom 1,226 ohm centi-

meters to 75,128 ohm centimeters at the time of electrofishing. 

Currents drawn by two paddle electrodes in natural streams h v 

varied from 12 amperes to 0.12 amperes with 195 to 230 volts direct 

currant. For resistive waters it has been essential to increase the 

potential across two electrodes to effect higher currents. On the 

other hand, fish. collections can be made with reduced direct current 

volt gee in conductive waters, thereby keeping current output within 

the limitations of the generating equipment. Evidence accumulated 

in resistive streams suggests that a potential of 700 volts direct 

current may be necessary for fish collection work in highly ra-

sistiv water such as the East Inlet to Grand Lake. A steady po-

tential of 100 volts is perhaps sufficient for conductive waters • 

. ower requirements may be reduced, and anodic reactions of fish 

improved by current interruption. 

&I.ploying the principles con.firmed by these field tests, 

a variable voltag pulsating unit was desimied and constructed by 

Robert D. Rhodus, electrical engineering student at Colorado State 



82 

University. A multi-tap transformer permits a selection of alter-

nating current voltages from 100 volts to 700 volts. This voltage 

may be used directly, or rectified to direct current and interrupted 

by the pulsating unit described in Chapter II. Current interruption 

occurs in an oil bath , so as to minimize damage to the commutator 

surface. Three separate outlets permit a choice of alternating cur-

rent, direct current or pulsed direct current. An ll-position 

switch allows a voltage selection within the above range. The po-

tential across the electrodes can be adjusted to requirements dictated 

by stream conditions such as specific resistivity, number of paddle 

electrodes employed, and water depth and flow. Transformer fuses 

and rectifier fuses give maximum protection against ort circuits 

and current overloads. A 115 volt alternating current, 1,000 watt 

generator is used as the power source for this variable voltage puls-

ating unit. A circuit diagram and parts list are included in the 

appendix, and a picture of the completed unit appears on page 84. 

The weiqht of the unit is 64 pounds. The electrical canponents are 

enclosed in an aluminwn case equipped with handles for t ransport . 

Approximate overall dimensions of the case are 16 inches by 16 inches 

by 14 inches in height. 'This unit should facilitate and improve 

fish collection work on streams. It will also provide a means by 

which the extremes of water resistivity may be studied further 

relative to voltage requirements essential to satisfactory electro-

fishing. 
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Figure 12 ••• Variable voltage pulsating unit, 
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Electrocution experiments 

Attention is directed to the problem of managing fish popu-

lations in large reservoirs. The histories of such reservoirs often 

show that fishing for game species is good for a period of time 

following impounoment. La.tar, coarse fish comm.only gain predominance, 

which necessitates chemical treatment of the water to kill all fish . 

After eradication reservoirs frequently become re1nfested with un-

desirable species . Two familiar sources of recontamination are 

recognized. First, a well intentioned but u.r.inf ormed fisherman may 

empty hie minnow bucket when he is through fishing. Secondly, un-

desirable species in the drainage may immigrate into the reservoir, 

entering by way of the inlets. Public education programs are 

necessary to alleviate the first condition .. The second source of 

reinfestation poses a biological and mechanical problem that must be 

met under difficult field conditions. 

Holbrook Reservoir near Swink, Colorado, is an example 

which in some ways typifies this situation. It 1s currently providing 

acceptable fishing , al though a coarse fish problem is imminent. This 

reservoir is filled by the Holbrook Canal,. a di version out of the 

Arkansas River near Manzanola, Colorado. A lateral out of. the main 

canal extends to the reservoir . This canal is about 12 feet wide 

and 6 feet deep and reportedly carries water volumes up to 450 cubic 

feet per second. A gate across the main canal permits its entire 

flow to be diverted into the reservoir. 

Inasmuch as eleetri~ity has been used to kill lampreys and 
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Chinese crabs, an electric barrier was considered for this reservoir 

lateral. Prior to installation, it seemed mandatory that some of 

the contingencies of a lethal barrier be investigated Wlder labora• 

tory conditions. Since alternating current seems more injurious to 

fish• is readily available, and can be transformed, it was selected 

in preference to direct current. Voltages and current densities were 

varied indi vidua.lly and the effects on minimum lethal exposure per• 

iods for 100 per cent 1nortality of earp noted. Speeifio resistivi• 

ties were determined throughout the experiment to afford an estimate 

of minimum lethal exposure periods associated with different water 

resisti vi ties. Except for a few tests performed in the College of 

Forestry, the experiments -were conducted in the College of Engineer-

ing at Colorado State Uni versit,y. 

The work of Whitney and ieroe (1957) will serve to focus 

the attention of the reader on aertain concepts that are important 

to the understanding of the following material. hese authors 

studied the resistances of three carp. They determined the electrical 

resistances 1n ohm centimeters of a plastic tank of water with and 

without a live carp. 'l'hese measurements yielded a resistance ratio 

of water to carp of 3.0 to 1.0. Specific resistivity ot the water, 

computed from tank dime..'lsions, was 3,.5'60 ohm centimete1·s. Therefore, 

the resistivity of the fish was .about l,180 ohm centimeters at 68°F. 

The carp was killed and refrigerated overnight and its resistivity 

determined. This value was 1 1270 ohm centimeters, a resistance whieh 

they felt. agreed favorably with the previous .measurement, considering 

the possible experimental errors . 'lhey checked the mathematical 
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computations by adding salt to the tank water until the resistivity 

of the water equalled that of the fish. No difference in overall 

resistance was detected. 

The above authors then ascertained the resistivities of one 

carp at different temperatures. These values were, 

Temperature in degrees 
Fahrenheit. 41 59 68 11 

Fish resistivity in oh 
centimeters 2,690 1,840 1,400 915 508 

The resistivity of a third carp was 21800 ohm centimeters at 41°F. 
They considered th se values to be in good agreement. As a result of 

these experim€nts, Whitney an Pierce pointed out that the energy in-

P.Ut into a fish could vary by a factor of shout five times because 

of the variation in fish teMperatures. 

The same authors d~termined electrical field distortion 

rates that resulted from the introduction of a carp into the plastic 

tank. Differences in voltage over certain di tances were measured 

without the fish and with the fish immersed in the water. 'Where 

water resi3tivity was 3,800 ohm centimeters e.nd a ratio of 3.0 ex-

isted between water and the fish, volta~e di!'ferenoes were about 85 
per cent of the values determined before the fish was introduced. 

lllhere water resistivity was initially about 19,000 ohm centimeters 

and a water to fish ratio of 7.5 to 1.0 existed, a value of 41 per 

eent was eterm.-tned. Thin experiment pointed out that the effective 

voltag over the body of the fish might vary by a factor of two be-

cause of the resistivity of th water. 
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The above authors concluded from their experiments that the 

input of electrical energy into the body of a fish might vary as much 

as 10 to 20 times, depending upon the temperature of the fish and 

the resistance of the medium in which it is immersed. The rate of 

power input is expressed by the relationships 

p - R 

Where Pis the power in watts, Vis the voltage, and R 1s the re .. 

sistance of the fish. Resistances of a carp were found to vary about 

five times over a. temperature range of 41 ° to 77°F. Effective volt-

age across the body of a carp varied about two times. Hence if other 

variables were constant, the total variation might amount to 20 times. 

Presumably., the carp used by Whitney and Pierce were from 

water of the same specific resistivity. They considered measured 

resistances in good agreement. Inasmuch as carp from several srorces 
-

might conceivably enter a lethal barrier zone, it was decided to 

electrocute carp from two locations to determine any inherent differ-

ences in fish resistivity due to environment. At the outset, carp 

from the Windsor Reservoir System were divided into two groups, one 

of which was retained in a stock tank at the site of capture, and the 

other was transferred to a small pond near Colorado State Universit.,y. 

About 40 days elapsed before the latter group was utilized in the 

electrocution experim.ents . 

On the asaumption that fish temperature cannot be controlled 

or allowed for in an electric barrier zone, limited control of fish 
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temperature was attempted. This consist d of ~ter temperature 

x11ea urements of holding facilities and the shocking m diurn. I a 

tempeJ'.'a.ture f.ference. of 10°F. existed, water in the holding facili• 

ties was rmitted to warm to within two to four degrees of the shock-

ing med:i.u: • As so n as shocking corruntJnced, t.his t :r,1perature di.ff er• 

enoe was increased gain becau e of he heat dissi_ ate.<'1 in the tr ter 

by the electric current. 

Sixteen gallon aquaria w re used to simulate a lethal 

electric barrier. Electrodes covering the ends o:f the aquarium were 

one- quarter inch mesh hardware oloth. Shocking media.. included 

Windsor ditch water and the pond water, 1n which some of the test 

specimens had be n retained, and tap water. Salt ""olution was added 

to the latter to reduce spocific resistivity. Ifo control of water 

temperatures was attempted. Ho rever, t m:pera.tures of the shockin 

medium vere record and they varied from 71 ° to 85°F. When the 

latter temperature was reached, teats were discontinued until the 

shocking medium had cooled to a more favorable temperature. A stop 
\ 

watch uas used to time exposure periods . 

A heavy duty volt,age regulator was used initially- to con-

trol voltage across the aquarium. With reduced resiat1vities1 it 

wa neeassary to employ an induction voltage regulator to handl 

current loads and maintain voltage levels . Figure 13 show · the elec-

trical arrangement. 

lt"ish and wa'l:,er for holding purposes -were brought into the 

laboratory in sm-a.11 quantities. An aerating system was used initially, 
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Figure 1.3 •• .t,;ircuit employed in the eleot.rooution experiments. 



. 
16

 
G

A
LL

O
N

 
A

Q
U

A
R

IU
M

 

-
' 

E
LE

C
T

R
O

D
E

 
,N

 0 
0 

V 

0 
0 

l 
A 

I • 

/ 

IN
D

U
C

TI
O

N
 

V
O

LT
A

G
E

 
R

E
G

U
LA

TO
R

 

i:,
 

c 
• 

? = 
f 

~- ' 0 
, 

I 
l 11
5 

V ! 
I->

 



92 

but was fo unnec ssary f'or t, · · t number of J.is" h ld.. Afi,er 

volta int ity wa dju te o the d sir.;..d level, a gro p of fi .. ' 

w s opp into Ch aq~rium an co e. ced. pon un rcion., 

is ralyz di tely. fecal "' · ch rgo " 

n d ur t t r,n atio of riod, 

c uit br alcer 1 ope:n • C rp wer r oved with a s 11 · p 

net, r1 ked by fin r moval for la,,er recognition, and pla in tap 

ter. ecord o ach test w e aintain nd c T,ed f th 

1 u. • r of fish ocked, vol g , current, lan of osure, fins 

cli ped, and th orta 'ty. e techniqu mployed was to approxi• 

mat e ·1111.num. l th.al expo ure p rio, n rrowin t:im lir.dta s 

uch a po lbl • 

During th covery p rio"'", "1.001.: d. fish wor ob rv, d fre-

quently in order to .1ote si s of recuperation from paraly i • In 

so, e s ime , v gill action - s • o d a.ft"'r a few mi.nut s, but 

reapir ion v ntually stopp d. e c rp never respire, ving 

during t 1 xposur or 

r spiratory p raly i 

fr t es' o , ill action 

trol returne , e f' i..,h 

i t; nor,n l swimming ability. 

diately afterward, pr sum· bly fro. 

·lh re fish r cov r d 

cam ro ressivaly strong r. As con• 

eakly on its ide, graa lly regaining 

wurvivors w r shock d r p t dly until 

l Op r cent or lity was ac.~iev • 

rabl 12 in c tes th ffects of four volta e inten ities 

on induc d morality. Vol ar includ d also, sine an in-

creas in voltage b · bout proportion t incr s in current. 
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Water temper~t res probably ar responsiolG for sl:€1lt discrepancies 

in t,h:i-s relationship . Iind.sor ditch ":rater , .1it.'1 a spec · ic re-

slsti vi ty or 600 ohm centimeters , was used as the shocking medium. 

Carp origi. ted in the Windsor Irrigation Syste.:n. 

Table 12.-•APPROXIM.A.TE MIMIMUM LE'THAL EXPOSURE PERIODS AT FOUR VOLTAGE 
L3Vi:Z..S FOR CARP FR. 1 THZ flNDSOR DI'i'CH SHOCKED IN UDSOR DITCH 
WATER. 

Minimum lethal 
exposure Humber 
period riumber of fish Volt• 

Volta,te in seconds of trials employed amperes 

115 270 6 9 170 

210 100 6 18 626 

330 ll 6 6 1,749 

li50 lli 17 17 2,970 

None of these voltage intensities produced 100 per cent mortality in 

10 seconds. At least 330 volts is necessary for 100 per cent mortal ... 

1 ty in the approximate specified ti.me llmi t. 

Beginning with tap water of 7,632 ohm centimeters specific 

resistivity, a series of time trials was conducted ~11.1.erein current 

densities were increased by the addition of salt solution, while 

~e ~otential across the electrodes was maintained at 450 volts. 

Ini t1ally, water depth was 7 •> inches and at the termination of the 

experiment it was 4.8 inohes. Over a period of use, current drawn 

by the shocking medilDll increased. As water resistivity was decreased, 

the current, and hence the temperature, increased. As a. result of the 



increase in temperature and current load, sometill"..es the voltage 

dropped during an exposure. If' the shocking period was sufficiently 

long, an adjustment in voltage was made. Where adjustments were not 

made, voltage drops were not more than three per cent. Experimental 

evidence waa not sufficient to indicate mortality effected by an 

increase in temperature. 

Carp directly from the Windsor ditch and carp from the 

pond near Colorado State University were employed in these current 

density tests. It should be noted that specific resistivities of 

water from which these groups of carp were markedly different. 
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Windsor ditch water ranged in resistivity from 553 to 645 ohm centi-

meters J pond water had an initial resistivity of 5,725 ohm centimeters 

and at the termination of the tests the resistivity had dropped to 

4,674 ohm centimeters. Hereafter, carp from the Windsor ditch are 

referred to as Windsor ditch fish and those from the pond are con• 

sidered as pond fish. 

Tables 13 and 14 suggest a variation in approximate mini-

mum lethal exposure period that probably can be ascribed to the 

respective environments f r om which test carp were taken. Minor 

diff erences in approximate tninimum lethal exposure periods are indi-

cated at the highest specific resistivities. For the three lowest 

resistivities, pond carp were four to six times more resistant to 

electric shock than Windsor ditch carp. Differences between approx-

imate minimum lethal exposure periods for pond carp at specific re-

sistivities of 559 and 266 ohm centimeters was due to two specimens 

that survived 45 second shocks but perished a!ter 60 second exposure 



Table 1).---APPROXIMATE MINIMUM l.E,'THAL EXPOSURE PERIODS FOR CARP FROM 
WINDSOR DITCH AT FIVE SPEPIFIC R~ISTIVlTIES WITH 450 VOLTS ALTER .. 
NATING CURREN'l' APPLIED TO THE ~TRODES. 

Minim.um Current in 
lethal amperes recorded 

water exposure Number Number during 
resistivity in period ot of fish ,exposure 
ohm centimeter• in seconds trials em;elol!d ;eeriods 

6,081 315 36 1)8 .,2 
1,463 40 22 106 2.0, 

872 15 .38 129 3.40 
682 10 ll 22 4.20 
266 10 l2 19 5.65 

Table 14.-APPROXIMATE MlNIMlJM L.!,THAL EXPOSURE PERIODS FOR CARP FROM 
POND AT FOUR SPJOC!IFIC RESISTIVITIES WITH 450 VOLTS ALTE.RNATINO 
CURRF.NT APPLIED TO THE ELEXJTRODES. 

Minimum Current in 
lethal amperes recorded 

Water exposure Number Number during 
resistivity in period of of fish exposure 
ohm centimeters in seconds trials em;ElOled ;eeriod 

4,392 360 29 74 .63 

872 90 37 95 3.42 
559 40 37 10, 3.82 

266 60 49 98 5.;o 



period • Temp ature rang of the shocking medium at the tim of 

a proxim t minimum lethal exposures was 76° to 82 ..I! • 
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A ingle experiment wa m d to det rmin time required for 

conditioni r ponse to a n medium. ·1v hocked fish and five 

unshoc ed fish .from the oup of pond carp w re plac d in incisor 

ditch water ov mi t . bout 24 hour 1 ter thes 10 c rp and 10 

mor that h d n held in reeistiv pond at r r shocked i n 

groups of four . To minimiz di:ff r nc in current densities , two 

carp w r t en f r om a holding rec pt cle for each test . Of c. n 

fi held overni · t in conductive ditch wat r , seven survived. Of 

10 fish h ld in rcsi tiv po.act w t r, four survived th ~eriment . 

Two of the survivors wer kept a sec na ni@lt in ditch wat r , aft r 

which one peri h d £ allowing a 60 a cond exposure . oth r sur-

vi v d 75 o cond exposur , but died aft r 90 ond expo ur . 

Six tim s mor rgy was r quired to kill this c rp than wa 

nee s to kill the most r sistant of Windsor ditch carp under 

comparabl conditions . This t st uggeated hat change 1n fish 

r istivity ar subtl and prob bly r quire mor than 36 to 48 

hours . Furth or , individual vari t.ions in r si~taace o l ctrio 

current probably hould b con~id red. 

Tabl 15 for evidenc of th indbi.dual vari bilit y 

in induced mort lity obs rved dur·1ng e xperim nt • In this a 

quence of tri 1 , one p r l;icular fi h survi v d four in vidual x-

posures to be killed ev n~u lly aft r ock or 40 seconds duration. 

About twic the energy necess to kill other fish tn thi sari 
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was required to electrocute this fish. Thus it appears that individ• 

ual fish may be particularly resistant to e..1ectric shock. 

Table 15 .... -WINDSOR DITCH CARP SHOCKID IN WAT OF 1,463 CHM CENTI ... 
MEl'DIB SPI:X;!FIC RESISTIVITY WITH 4,0 VOLTS ALT Er NA.TING CU!Ltr.E:ff .'!/ 

.Exposure Number 
Nu.raber period in of fish Number Nllmber 

o.t trials seconde employed dead alive 

2 5 10 8 2 

5 10 25 24 1 

8 15' 40 38 2 

2 20 10 9 l 

l 25 s s 0 

2 ,30 10 9 l 

l 40 l l 0 

1 45 5 5 0 

y Current 1.92 to 2.05 Mperes. 

Measurements of 116 carp electrocuted during these time 

trials averaged 2.39 inches in total length. Range was 1.2 inches 

and the standard deviation was 0.364. Coefficient of variation for 

the group measured was 11.04 per cent. 

In view of the small size of the above carp, it was fitting 

to shock carp of various sizes to determine whet.her or not larger caip 

succumb at the same exposures. This work was done about January 1, 

1958. Specific resistivity of the shocking medium was 658 ohm 

centimeters. Carp and water were secured from the Timnath ditch 



near Timnath Reservoir. This site is about two miles northeast of 

Timnath, Colorado. Carp and water were allowed to warm to 67°F. 

before electrocution experiments were commenced. Twenty-eight time 

trials were conducted. Size. range of carp shocked was from 2.5 to 

10.0 inches. No difference in approximate mini.mul!i lethal exposure 

periods within this size range could be detected. Exposures of 30 

seconds duration were necessary for 100 per cent mortality of this 

group. Comparison of this expos\ll"e period with Table 13 indicates 

that three times the energy level was necessary for 100 per cent 

mortality of carp in this instance. Specific resistivities of 

Windsor ditch and Timnath ditch waters were of similar magnitude. 

To sU?IUll&I'ize the electrocution experiments, an increase 

in either voltage or current reduced the length of expoaure for 100 

per cent mortality of carp under the conditions of the experiment. 

However, groups of carp from t,wo different locations did not yield 

uniform results relative to required approximate mini:m.um lethal 

exposure periods. Carp from the resistive ha'bi tat of the pond were 

tour to six times more resistant to electric shock at three reduced 

resistivitiea than were the carp from the less resistive habitat of 

Windsor ditch. Whether or not acclimation of the former group to 

a new habitat was complete at the termination of a 40 day period is 

unknown. Conditioning periods of 36 to 48 hours were ineffective 

in demonstrating acclimation. 

The lack of uniformity of minimum. lethal exposure period• 

within the group of Windsor ditch carp indicates that differences 
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in supposedly homogeneous groups of carp can b expected. This 

i."'ldicates that there may be a differential :.i.n the extent to which 

salts are concentrated in the bodies of individual fish from the 

same habitat. Fish tempera.tiu-e should not have been a factor since 

carp in this group were held under identical conditions of we.ter 

temperature and specific resistivity. 
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Because fish are cold- blooded ani:ma.ls., their body tempera-

ture approximates that of the water in which they are immersed. That 

carp from Timnath ditch taken 1n mid- winter required three times 

more energy for 100 per cent morta.11 ty than a group of carp from 

Windsor ditch collected dnr.ing the spring suggests a seasonal varia-

tion. Presumably, this variation may h ve been due to body tempera-

ture variations or due to differences associated with metabolic 

activity which is reduced during the winter. 

These data indicate that particularly resistant carp might 

pass downstream through a lethal electric barrier zone unh rmed, to 

repopulate a recently rehabilitated reservoir~ Therefore, b cause of 

the variables mentioned, it app e.rs infeasible to consider further a 

downstr eam lethal electric barrier against carp im:migration. Relative 

to differences between species, MoLai.11 (unpublished) determined that 

more than twice the energy required to kill bluegill sunfish, Lepomis 

macrochirus , was not sufficient to cause 100 per cent mortality of 

green sunfish, Le;eomis cyanellu~.• The latter species is one of 

several other undesirable fish species in this region. 



Chapter IV 

DISCUSSION 

1uO 

El.ectrofishing is one of the more modern techniques em-

ployed in the mass capt1.1re of fish from streams. In the past, prin-

cipally alternating current and direct current have been used in 

Colorado for this purpose. Alternating current has been e.inployed 

in the resistant streams characteristic of granitic mountainous 

areas and direct current has been used in the moderately hard waters 

associated with the plains and foothill country. This has necessi-

tated two generating units. Because of the added physiological 

stimulation and power econonv, pulsed currents have oeen recently 

investigated for electrofishing. 

To the end that fish sampling efficiency could be improved 

with pulsed current, a direct current interruptor was constructed. 

Considering the means by which direct current may be broken, a 

:mechanical device was selected. This device is described in Chapter 

II (Figure 2). The current conducting period was set at 35 per cent. 

The pulse shape was an abruptly peaked rectangular voltage wave. 

Controlled shocking experiments with rainbow and brown 

trout as test animals were performed to determine the optimum pulse 

repetition rate. The objective of t.hese experiments was to deter-

mine the repetition rate thPt was effective in eliciting anodic 

attraction with the least energy requirement. By utilizing such a 
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repetition :rate in stream electrofishing operations, it was believed 

that effective electrical fields in the water would be enlarged 

proportionately, thereby enhancing success. Within the range of 

pulse repetition rates from 76.6 pulses per second to 124.8 pulses 

per second,volt-ampere requirements for optimum trout response were 

very similar. A repetition rate of 9$.2 pulses per second was 

selected for use during field tests. 

Because the extremes of water resistivity, !!!•, resistive 

and conductive streams, have presented the greatest problems to 

satisfactory electrofishi:ag, exar11ples of such locations were selected 

for study. Evidence was gathered within the range of water resisti• 

vities studied that pulsed currents increased electrofishing success. 

The advantages of pulsed currents ~ere most conspicuous wit.~in the 

typically limited range \.'here direct. current of 230 volts is commonly 

used. In more resistive waters it was necessary to increase direct 

current voltage. With 240 volts alternating current as a standard 

of comparison, it was essential to increase steady direct current 

potential to $20 volts for the resistive waters studied. Average 

direct current pulsed voltage of 205 volts was superior to 240 volts 

alternating current for fish collection work in the resistive water 

of the Cache la Poudre River n.ear Sportsman Lo<.lge . On the same 

stream near Timnath• Colorado, steady direct current voltage and 

pulsed direct current voltages required for successful electrof ishing 

in conductive wa,ter were deterru.nad by observation of fish responses 

wi:t.h various voltages applied to the electrodes. 'The average pulsed 

volt--a.mpere requirement for acceptable results within. the Timnath 

LIBRA 
COLORA ,, s nE 1.,;, Tr.~1 r , 

FORT CO LLINS, COLO"~ 00 



102 

area was 12 per cent of the steady direct current requirement. The 

largest pulsed current power demand requisite to effective shocking 

were noted at the above extremes of water resistivity. -. ithin the 

specific resist,ivity range of 4,186 ohm centimeters to 8,124 ohm 

centimeters, electrical energy requirements were less than one per 

cent of the wattage c pacity of a 2, 500 watt direct current generator . 

The largest power consumption with pulsed direct current was 2.46 

per cent of this generator capacity. 

; eld tests provided an in ·cation ~nat pulsed voltage, 

because of its added physiological stimulation, must be carefully 

selected for application tot.he lectrodes so as to avoid excessive 

r:tortali ty of fish . 1,Ji reas steady direct current may be employed 

over a fairly 'Wide range of resistivi-ti.es without danger to fish , 

pulsed direct current voltage must be selected w'i.th greater caution. 

Fish mortality during the Pennock Greek studies with an average 

pulsed voltage of 165 volts was 4. 7 per cent . This mortality could 

have been reduced by means of voltage control . By the close examina-

tion of the collected fish it should be possible to avoid an:y ex-

cessi v- fish mortality . It appears that a certain mortality is 

almost inevit ble when making collections of fish with electrici t y . 

In ~eeping with tne overall objective of the project, a 

German elect.rofishing apparatus l,as secUl'.'ed to avaluat,e its utility 

for the purpose in. Colorado . This unit was described in Chapters II 

a..~d III . Because of defect ive operation this unit probably was not 

representative of similar wu ts . .dowever , the may..imum voltage output 

of 250 volts approached that of a similar unit described by Meyer-



Waarden (19.57) . This author states that the maximum potential of 

the Salmo-Super is approximately 270 volte . Such a voltage is in-

adequate for resistive waters . Despite the advantages of voltage 

selection, battery operation, limited bulk, and current pulsation, 

the equipment is not recommended for use in Colorado and Wyoming. 

Based upon the needs determined during controlled fish 

shock1ng experiments and field tests, a variable voltage pulsating 

unit was constructed (Figure 12}. An 11 .. position switch permits 

a selection o:f voltage intensity f'rom 100 to 700 volts . This po• 

tential is available as direct current, alternating current, or as 

pulsed direct current. A selection of 11 voltage intenaities over 

the above range represents an il'l\provement over the wiregulated gen-

erator equipment previously used in Colorado and Wyoming . In addi-

tion , the feature of current interruption provides for reduced power 

demands . ~amination of the data presented here indicate that pulsed 

direct current may be employed to advantage in electrofishing 

throughout the range of water resistivities studied. The only 

apparent disadvantage to the use of' pulsed voltage for electrofish-

ing is the nee for caution relative to electric field intensity, 

so as to avoid excessive fish mortality. Sufficient voltage control 

should reduce fish mortality to an acceptable mj_nimum. 

ectrocution e~:periments 

EJ.ectrical barriers havo been employed to kill sea lampreys 

a.nd Chin se crabs. Inasmuch as such barriers have produced satis• 

factory success in controlling undesirable npecies,. a lethal barrier 
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was considered for use on a diversion ditch into Holbrook Reservoir 

near ,.,wink, Colorado . Such a barrier uould have to be almost in-

:::;tantly effecti,:e in produci ng 100 pe1· cent mortality. Unless the 

barrier were imrn$dia.tely effective in producing r.iortality, fish , 

although paralyzed, might be carr·ied by water flow into the reser voir . 

If the shock were not sufficiently intense., recovery might result 

and another undesirable fish population start ed. in the reservoir . 

Th carp is one of the most und.esirable fish species in 

Colorado. It is a prolific species and capable of sever e habitat 

destr uct,ion . Because it is pa.rt,icularly objectionable, means are 

sought 'Whereby carp ca.n be kept out of reserYoirs and lakes . ln 

view of the po$sibilities of an electric barrier , electrocution ex-

porim nts were conducted to determine the individual effects of 

different alternating current voltages and current densities . A 

16- gallon aqunriwn equipped with one- quart er inch mesh hardware cloth 

was used to siritulate an electri l,; b!lrrier zone . Carp were used as 

test animals and dropped into the aquarium without regard to orienta-

tion in tho electric i'ieltl. The techniqu.0 employed was to approxi-

mate th miri..lJ!'lwn l ethal eJq:>osure period., narrowing t ·' · ie limits as 

rnuch as pozsible . As a criterion of feasibilit~t , 100 per cent 

mortality r.!Ust occur in ten seco. c?s or less . 

It was recognized. at 'I:, ie outset, that <:urrents drawn by 

t.he electrodes woulu be t,rreater at reduced resisti vities . 'lnere-

fore it was desi rable t.o shock a group of carp at diffe:rent water 

resi stivities to dctennine necessary e:xposure periods . Also,in 

view oi the ra;,~ge of ~ater resistivities encountered near the 
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Color o St t Um.varsity C , it deeme advisable to snock 

two groups of carp fro1 rent habitats to determine inherent 

variations th t might be re ult of environm ntal · ff erences. he 

vailubl upply of carp ai vided into two roups, on of which 

s r t ined at the site, and the other s t ransferred to ,all 

on near the Colorado State niversity C pus . About 40 day elapsed 

be or• the l tter roup w· utilized in the el ctrocution exp ri-

ment . 

~he influ nee o. for volt& e intensities n induced mor-

t li ty wa studied. on of the voltages appJ. · to tb e aquari 

1 ctrodes s effec iv in producin 100 r c nt ortality in 10 

s con or le.:.s. I orct r to pproac his t:i.me period, at le st 

330 vol was necessary. · h se tests ere ru.T'J. , th c rp t en from 

1e lindsor o rvoir -.:,ys • 

Carp dir ctly from the cona.uctive water of indsor cit 

(;Jr xposed to f ive different current densiti s with pot nti l of 

450 vol ts across the elecr,rodea. pproxi ate . · nirnum leth 1 

pour perio s were reduce from 375 Q cons to 10 seconds oy in-

creas in current density. 'o co riso I carp fr01 the r si tiv 

ter of the pond wer po ed o three si ·1 r urrent densitie 

with 450 volts potential pplied to the lactrode. This group as 

four to six ti:m as re istant. to shock· s th former group. ,..peci-

fic re istivities of the indsor ditch v ried from 553 to 645 oh 

centim ters. Pond wat r had an ini~ial resistivity o 5,725 ohm 

c ti, ters and at the t rrnina·tion of th exp riment, the resisti• 

vity had opped to 4,674 ohm cent· ters. Th studies were 



conducted du.rin the spring of 1957. 

Durinp; the above experiments, individual carp were noted 

to he particula:r·ly resiotant to shook. For exa.111plo, one carp fron 

the Findso:r ditch su.rvi ved four indi v:i.dllal exposures a.nd was eventu-

ally E1lectrocuted 1.1.pon an 0A"'POSU.re of hO seconds . In the same series 

of trials, ~n expo• u.-r-e of 15 seconds killed 9S per cent of t."'ic carp 

employed. Over twice the energy wa.s requi ·ed to kill this one 

carp inentio:ned ibove . 

'1~11e .m,.:a71 tot;al length of these carp was 2.39 inches . Be-

cause of their ..,mall size, e ?,TOtlp of f ish ranging in total length 

from 2 • .5 inches to 10.0 inches ,ms electrocuted to ascert,e..in MY 

difference du.P to 9ize. These studie5 were tlun0 a.b.:mt January 1 1 

1958 . Under t.he Ci..mditions of the experiment, no difference aGtrib-

utable to size ccald be det .. ,ted, ~, s,11all f ish and large fish 

uccu.mbed uith ,~quivalent exposure periods. .A difteren.c was noted 

in the ap ro:rlrnate minimu..Tl lethal exposure peri od.s, in respect to 

carp from sir'lilar ··rater eA;.JOSed under sinil ar conili. tions of volta:7e 

and curre t duri!.lg t.he spring electrocu.t,:l.on eJ.-;porimonts . 

F'tsh temperat.m•a anl fish res:lstivi.ty are roco nized 

var:lables .from a stand1)0inli o? energy input into a fish . 'l'he re• 

s lts of experiment,s j.n.dioata t,hut one or both of these variables 

are not of unifor ,'ll rciagni ·,ude. 'l'l.1. a individual carp round. to be 

particularly resi:.-:, tant to electric shock were held and s. ocked. un. er 

idantlcal conui !;ions of. tempe1-- ture. This seems to rule out temper-

ature as a factor that 1~1::.ght accou t .for diffare...1.ces in susceptibil-

ity to electric sr ock in these ex1w.d·ne1rts. ·c1ence it seems reason-



able that fish resisth-1. t.y may vary n::or l-rldaly than e:x:p1Scted be-

tween waters of differ0.,t resist,i vity. Moreover, these -,ar:tations 

seem to exist in a .~ngle, otherwise homogeneous population. 

quggestions £2!: 
furtner stugy 
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Electr o.fishing experj_menti: . - - Additional experiments should 

be performed rega.rd.J.ng the extremes of t.'llter rosistj;vitics encountered 

in northeastern Colorado. !n view of the change of duty cyole dur-

ing experiments in conductive water, studies should be conducted with 

the variable voltage pulsating unit to determine whether voltage 

and current relationships are satisfactory for fish collection work . 

Indicated alteraM.ons can be appli ed to subsequent, vari able volt ge 

pulsatin units . If current limitations of the variable voltage 

pulsating unit are exceeded in hard, conductive stream locations , 

consideration should be given to the utilization of c direct current 

generator 'With a rheostat, large enough to restrict voltage output 

to the current J.imi tations of the generator. 

High voltage direct current and equivalent pulsed direct 

currant produced by the variable voltage pulsating unit should be 

test-din the East Inlet to Grand Lake during tho sucker spawning 

season for comparison with previous years • experianco. Such a test 

should produce clear- cut evidence of the adequacy or the high volt-

age direct current for resistive locations . Moreover, the pplica-

tion of steady direct current volta e and pulsed voltage should 

produce concrete evidence of t..~e merits of the two types of voltages 

for resi stant streams . 
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It hae been au sted that rater caution is nee ary 

in th selection of puled volta than in th application of ste dy 

volta • If' puled voltage can be used throughout th range of 

resi tiviti determined durin the pr sent tudy, transfo er siz 

and weight can b reduced. On the basis of trend establish d 1n 

th.is work, 1 sser pulsed voltages should be sufficient for optimum 

fish coll ction work. Should finer voltage control prov nee s ary 

to lleviat fish mort lity, a variac may b ins rted in the primary 

o.f th transformer, ther by llowing continuous selection of volt-

age inten ity fro zero output to 700 volt. 

Becaus h l!-w ve rectified alt rnating curr nt would 

elimin te the pul ating unit, field te ts should be performed with 

th.is typ of power. Should hali'-wav rectified alternating current 

pro~ of quivalent efficiency in fish collection work to ulsed 

direct current of 95 pul e per second, the bulk, weight, and exp nee 

of the variabl voltage pul ating unit can be reduced. The main ... 

tenanoe problem of current interruption in an oil bath, and periodic 

replacement, lli.11 be eliminated. 

Since a otor-driven interruptor would no long r be nee s-

sary, power cono.m.y and simplicity would b &chi ved. In view of 

th low power r quirement and the voltage relationship reported 

hr for suoc eful electrofishing, continuing efforts should b 

made to bring th variable volta pul ating unit up to dat with 

th latest development in the Electric l Engineering field. Mor -

over, stream electrofishin qui ent should be desi ed for obility 

and facility of u e. Generator size should be r due ; l ctrod a 



and cable should be selected on the basis of light weight and 

tent!11le strength, with due regard to the safety of operators, The 

information presented her& should serve aa a point of reference for 

future work. 

Research should be performed on various types of electrodes 

for large pools that might have application to reservoirs and lakes. 

Since electricity offers the possibility of instantaneous fish sam-

ples, it has a definite advantage over gill nets. The feasibility 

or the trouser leg electrode arrangement described by Joseph (1956) 

should be studied. Another possibility that seems to have merit is 

the principle of timed cootrol of electric discharges, where suc-

cessive portions of an electric seine are energized.- Theoretically, 

this would permit electrodes of larger size, and, because of current 

pulsation and sequential fields between electrodes, power conswnption 

would not be prohib1tive. 

Field records of electrofishing experiments should be 

maintained. These should consist of voltages and currents utilized 

for a given stream on certain dates. These data together with 

specific resistivity measurements should provide a pattern that 

would serve as a guide to future operations. With e:xperi ence an 

operator should be able to approximate required voltage for a given 

stream location on the basis of a specific resietivity measurement. 

Experiments in resistive streams have indicated clearly 

the need for higher voltage. By effecting an increase in voltage, 

the current through the water is increased so that fish can be im-

mobilized. Recognizing this need for greater vultage, it is 
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essential that the utmost hum.an precautions be taken again.st in-

jurious or :f ta.1 elect:ric shooks. It is unnecessary to point out 

the inharent danger of electricity. However, since voltage proposed 

for use in highly resistive wat.er is over three timos gre ter than 

that customarily used for domestic purposes, danger is probably 

proportionately gre ter. Also, pulsed currents i11eres.se the human 

hazard. !t is, therefore, imperative that all personnel associated 

with an operation be cautioned on the dangers involved and r.eans or 
averting tragedy. Electrode handles equipped with pressure release 

switches might be a means of preventing dangerous shocks during 

stream operation&. For further discusaion of precautionary measures, 

the r ader is referred to administrative reports by Giguere (1954. 

19.56). In addition, where one hand is sufficient for the job, keep 

the ot,her hand behind the back or in the pocket when working with 

electrical appar ,tus . This is a practice followed and recommended 

by electrical engineers. 

Eleetrocu.tion e29?eriments.--The variations in resistance 

of carp noted during the electrocution experiments a.re a serious 

obstacle to the development or a satisfactory lethal lectric d0tm• 

stream barrier. In rtew of these variations, continued ef.fort in 

this direction is not recommended, unless a dif£erent approach is 

taken. 



Chapter V 

SUMMARY 
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1. A mechanical pulsating unit for direct current was 

developed and perfected in the Electrical Engineering laboratory. 

Utilizing a duty cycle o! 35 per cent , rainbow trout and brown trout 

were exposed under controlled conditions to various voltage levels 

and pulse repetition rates . The range of pulse repetition rates 

from 76.6 pulses per saoond to 124. 8 pulses per second produced 

optimum galvanotaxio response with minimum cpantities of power . 

Power requirements for optimum trout response at a pulse repetition 

rate of 95.2 pulses per second wer 6. 7 per cent of steady direct 

current require~ents . 

2. antitative evidence of electrofishing success under 

field conditions with direct current, aU,ernating current , and pulsed 

direct current was compared. The gal vanotaxic phenomenon of direct. 

current may be exploited throughout the ran e of water resistivities 

studied. Employing pulsed current , an average pulsed voltage of 205 

volts l-i&S required in resistive water of 42 , 343 Ohm centimeters at 

50°F . Satisfactory electrofish:ing results were achieved with an 

average pulsed voltage of 36 volts in condnctive water of 11 226 ohm 

centimeters at 70°F. Within this range of specific resistivities, 

power requirements for acceptable electrofishing results in seven 



stream situations ranged from 9.00 to 61.50 volt amperes. The vari-

ation in power requirements was .from less than one per cent to a 

maximum of 2.46 per cent of the wattage capacity of th 2.500 watt 

direct current generators commonly employed for electrofishing. 

3. The additional physiological stimulation or pulsed 

current necessitated voltage control so as to avoid excessive fish 

mortality. Apparently, a pulsed current density- of about 0.2 to 

0.3 amperes was necessary f or satisfactory lectrofishing results 

with the paddle electrodes employed. Some divergence was noted in 

this requirement that seemed to be associated with water flow and 

fish species collected. 

4. A variable voltage pulsating unit that incorporates 

some of the neede indioat d by field research -waa constructed. A 

multi-tap transformer and full-wave rectification circuit allows a 

choice of alternating current or direct current. The direct current 

voltage may interrupted by means of the pulsating unit, achieving 

power economy and the added physiological stimulation of pulsed 

current. 

5. Electrocution experiments were performed to ascertain 

the approximate minimum lethal exposure periods or earp to electric 

fields of several conditions of alternating current voltage and 

current density. A:n increase in voltage from 115 to 330 volts re-

duced necessary exposure periods from 270 seconds to 11 seconds. 

Groups of carp from two different habitats were exposed to electric 

fields of similar current density. At three current densities, 
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four to six tim s more en rg;r was required for 100 per cent mortality 

of the carp from the more resistive habitat. Some individual carp 

were noted to · e particularly resistant to electra shock. 
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APPENDIX 



APPENDIX A 

VARIABLE VOLTAGE PULSATING UNIT 
(Parts List) 

P11lsating Unit 
1 • AC motor (1/20 H.P., 1,550 R.P.'M.) 

Rectifiers 

4- 40 IF. • • • • . • • . • • • 6.08 • • • 

4 - 30 LF. • . • . . • • • • • • @ li.35 • • • 

8 • M-,500. • • • • • . • • • • • @ 1.9, • • • 
16 • Holders . • • • . • . • • • • .10 • • • 

Transformer •••• • • • • • • • • • • • • • • • • • 

2 Chmite Switches. . . . • • . • @ 3.00 • • • , - s. :P. s. T. to,c;gle switches .52 • • • 

5 - Three position $witches. • • .69 • • • 
l - return switch. • • • • . . • @ .96 • • • 

10 - fuse osts • • . . • . • . • .25 • . • 
Meters 

l • 0.2 DC ammeter •• 

l - 0-2 AC ammeter •• 

• • • • • • • • • • • • • 

• • 

1 .. 0-250 DC voltmeter •• 

l - 0-750 DC volt.meter •• 

• • • • • • • • • • • 

• • • • • • • • • • • 
0 • • • • • • • • • • 

Aluminum case •• . . . • • • • • • • • • • • • • • • 

11.2s 
.99 

2h.32 

17.40 

1,.60 

1.60 

.55.00 
6.00 

2.60 

3.4, 
.96 

2.50 

9.00 

a.,o 
10.26 

10.00 

1.3.;8 

Reoepticals, 4 ..••.••••••.•••.. • • 3.20 

Miscellaneou wire, fusee, etc •••••••••••• ,.oo 
$209.21 

11.5 
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Table 4.-TEMPERATURE FACTORS, ft, FOR USE IN CORR:EX;TINO RESISTANCE 
TO TIIE STANDARD TF.'l\fi':11::IaTURE OF 77°F. USillO THE EQUATIONs 

R.i1 • Rt / ftH 

°'· ft oF. ft o,. ft 
37.4 1.727 71.6 l.067 84.2 0.923 
39.2 1.678 72.0 1.062 84.6 0.920 
41.0 1.631 72 .3 1.0.sa 84.9 0.?17 
42 .8 l.58S 72.7 1.053 8,S.3 0.914 
44.6 1-541 73 .0 1.048 85.6 0.909 
46.4 1.499 73.4 1.044 86.0 0.906 
48.2 1.460 73.6 1.039 86.4 0.903 
50.0 1.421 74.1 1.0.35 86.7 0.899 
,1.8 1.)84 74.5 1.0.30 87.1 0.896 
53.6 1.350 74.8 1.026 87.4 0.092 
55.4 1.316 75.2 1.021 87.8 o.eaa 
57.2 l.284 15.6 1.017 88.2 o.885 
59 .0 1.254 75.9 1.013 BBS 0.882 
60.8 1.224 76.3 1.008 88.9 0.879 
62.6 1.196 76.6 1.004 89.2 0.876 
64.4 1.168 77.0 1.000 89.6 0.873 
64.8 1.163 77.4 0.996 90.0 0.870 
65.l 1.1,a 77.7 0.992 90.3 0.867 
65.5 1.1,2 78.l 0.987 90.7 0.864 
65.8 1.147 78.5 0.983 91.0 o.861 
66.2 l.l.42 78.8 0.979 91.4 o.a;a 
66.6 1.1.37 79.2 0.975 93.2 o.a43 
66.9 1.132 19.5 0.971 95.0 o.828 
67.3 l.128 79.9 0.968 96.a o.Bl.4 · 
67.6 1.123 80.2 0.964 98.6 0.001 
68.0 1.116 80.6 0.960 100.2 0.787 
68.4 1.113 81.0 0.9,6 102.2 0.774 
68.7 1.108 81.3 0.952 104.0 0.761 
69.1 1.102 01.7 0.949 10~.8 0.749 
69.4 1.097 82.0 0.945 107.6 0.738 
69 .8 1.092 82.4 0.941 109.4 0.727 
70.2 1.087 82.B 0.937 111.2 0.716 
70.5 1.082 83 .1 0.934 113.0 O.'/o6 
70.9 1.077 83.5 0.930 114.8 0.695 
71.2 1.072 83.8 0.927 116.6 o.685 

* . Adapted from L. A. Richards, The Diagnosis and Improvement oi' 
Saline and Alkali Soils U. S. Department of Agriculture Regional 

e.lini.ty L<lboratory, 1947. ... R77 • Speoific Resistance at 77°F. Rt• SpecUic Resistance 
at known temperature; ft• correction factor. 
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