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Chanter 1

IHTRODUCTION

while the past Pwo thousand yoars have soen
great Lmprovesents in the equlipmsnt of mogt [lalds of ane
deavor, the profssslonal [isheorman ls 55111 using tools
similar to Zhoge in use during the pro-Christlan era.
gertainly there have bson few changes in the gill net and
seins, and these tools are still the ones mosi widaly used
for catshing fish In guantity. During the past dacade,
however, there hes besen an ever expanding asoiication of
an alectrisal method of Tlshing. Tuls 1s most apily
tepmed sleatrofishing, a name probably first apeolied by
the Gersans wrno have plonesrsd the [isld.

Tn the 1920's muny data appearad in German physl-
sloglsal Journals on tho affests of various iypas ol alac=
trils suprent on [ish and oiher water arimals., This infeor-
mation was subssquently applled to the devalopment of
orastical aslocirefishing equipment, and in 1933 Bchaspers
elaus (1933) briefly describes such an application to the
Goraman cary faralng industry. Aboul the sams tlae,
sussian Plshery worksrs appesy Lo have saricusly gonaldared
the oractleability of this slactrical tecanlque fa? thelr
Praah~watar soamerclial flahing in&ustry‘{gmﬁtanéﬁ, 1933;.

Although ia 1923 goulllan (1923), f{rom investl-

zations relative %o toe development of effsctivs alactrical
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fish barriers, showed, in detail, thes iInterrelationa of
slostrical fislds, water, snd fish, 1llttls Ifurther appll-
satisn of slestrlelty was mads to Amsrlicaen {lshsry worx
until 1940, At that Sims, J. C. Zaskell (1940) of the
Yow York Conssvvatlion Departzont, dessribad the conairuo-
tion and operstlon of an olestrofisiing unli desligned lor
3téaam worit, 3inco then, sxcept for the years during
world sar II, there has bsen an ever lnereaslng use ol Lhe
technigue in the Unlted States and Canada, 4any inmprovae
sents nave been mads on the original forma of equipment,
snd mueh has been learned abosut the effecis and limitaw
tions of elestricsity for fiak shocking. Among all ol

tha mors recsnt developments, the work of Haskell appears
to be oubstanding, and 1t has been our good foriune Lo

#ind ths suthor of thesza invesbigations gensrous with als

tma llispatups that mueh misundarstanding hes exiated gone
garning ths potentials and limitations of slascirolianing.
During meny eleotrofllshing operstiona in Colorade and Wyo-
ming 1% hes besn possible for us to observe the afficliancy
and affectivensas of various forms of equipment; 1t has

coms necessary to recoznlze the slectrical laporiance of
she widely varying concentratlons ol dissolved materials
in the natural walars ol thls ?5@&953 and 1t has sesmed

imeraasincly mors essensial to study all physiological
s o o .1
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affpots and particularly those of an Injurlous o lethel
natura. I5 43 our hops thah the resulns of our studlea

on thess phases of elaschrofishing wlll esslat in s zors

ganerally effisient utlilizatlion and underatandiang ol ita
annlication,
Froblam

How may the slectroflishing technique ba uzed
npat afficlently with & miniemm of physlical damsge to Zame
figh apascsies?

pProblan snalysis, -~ The problem has been

=

gnalyzed into the followling qusstlons:
1. What tyne of egulipment may bo used most
sofiotently and with the pgresieat Ilshing
affactivennas?
2, In what way snd bo what sxtant doss the wide
rance of nesural wator coaductlvity ancountered
in folorado reatriet slestroflaning alflective~
ness?
3¢ How ssrious sre some ol the physical and
nhysiologlical sffects of slectiric aurrant, as
sncountered in elecstrofishing oparatlions, on
£1s3h and So what extent sre these injurlous or
lathal?

nelinltatlons, == Z03f of the fisld atudles wers

1inited Lo the more acceszlbls walers of the northesstern

part of ths stale. Az ihe creater part of Colorado’s



stream fishery 13 conllned to the foothlll and mountaln
arsag, moat inveablzations were zade on reprossntatlve
gtmonas of these areas. In A% uch a3 tesulb spscles form
the principsl game=Ilsh of such sirsams, noth laboratory
and flsld investigations smphasizsd elffects relative to
tneze specles.

All laboratory tests were made withio the scope
of aveilable tize and equipnment and as ralatlqe Lo prace

tisal application.

nafinition of tarms. -- Slesctrolishing ts the
—— }

sap= hereln uszed Lo designate the mass capturs of Ifish by
saansg 27 slscirical currents 1atraduced Into the waler,

altass Oradlent peflors o thw wotiane 4drop, or
) Lol badb 4

dirfaranee in potential, along a 33as 1o lensth of cone-

dustar. I Lals saper fhe relorsnos ls usually o the

rines of Tarpent Flow are dlagrsmatbls linss

resrazenting the passags of sgurrent in an slscirical Lisld,

Lines of iquipotential are diagranatic linss

tpanseeting those polnts in an electrical {i2ld at which
tis potentlal, or vollage, ta unlfora. Thay intarssct the
1ines of current [low abt right angles.

aulsed Current la ths term used to dogaribs &

galvanis currsnd iaterrupted at ragular intervala oY

nachanizal or slscitronle msansg.
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water Conductiviiy refers to that praperty ol

water waleh peraits the conductlon of elsatric curreal,

neraas Taber Resistliviiy refers o that property ol walter

wilch producss reslatance to the passage of aslasitric sur=-

rank,

ansalflic Rsalstances valers Lo ithe resistance in

shias por suble cenilmster ol wabter,

vargerns 1z the trade nam applisd Lo & versenate
mathod of dstermining the total hardansss of watér. The
versene Hard Feter Testing X1t Ls s produst of ths Jera-

worth Chealoal Zompany, Franlnghan, desgachusstbts.
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EVALDATIONS OF sLECTROFISHING ROUIPMIET ABD THRCHHEILE

ﬁﬁﬁﬁrstara

The orincinal part of any alpotrofishing unlt is
the power 8S0Urce, usually in the form of 2 gasoline driven
gsnarator produsing sither alternating or dirsct surrent.
Although ths genersal fisning bvechunigue for botn currents
13 vory siailap, the actual shocking affasts of esch differ
sonsidarably (Xraus and maiffenstunl, 1933} and honeo
eash 1z nartigularly suitsd o sartain sizuatlions and
problasms,.

A3 the respastive ohysiologlceal aspecia ars
saversd slzewhere In tals papsr, & statement of the goo~
sral aiffacsts of alternsiing anc ilract suprents will

aftise nors,. Altornstlng curreal tamohillizes the flsi
wiils they ars ln the slacirleal [leld, (Schaminaky,
1933) and,y 1L the tize of ianobilization i3 sulflelent,
leaves them hselpleas for a short time aftar toelr removel
from the flsld, Durlng this time many f4sh sre esaslly
oicked up in 4ip nels, Diracst ourresnt has & galvanctactlic
affect by which a fish 1 orlantad with lts hﬁaé toward
an elestrods of positive polarliy. 17, in this sisuatlon,
the voltazs gradient, or drop, fronm hesd to tall i3 not
too zreat, the fish 1s 311l eble to sove and swim to-

gasdi the pozltlvs slestrode. dyen Poresd movament toward



tha anode allows sasy capburs of flsh lsd
Y J

inaceessible arecas. Subjsctlion of a fish

surrent, slsher of a sulflelantly high vellas

or for & prolonged perlod ol tlme, hovwever, produces &

15

TProm obtharwlse

tEa diract

nareostis in waleh the fiss 1z no longer able o move

{sehmeninzky, 1935).

Albhough most of ths generators used for aloo-

spofishing are slassifled as portable mechlnes, Ihsy are

nortable only in that they can be moved. Tsually welighis

%111 range betwesn 75 snd 175 pounds, depsndl

g on the

ganerator outpub &ad Lhe ancunt of adiitlonal lacorporaisd

aqulomont,

- b -0 3 E prep— — Iy X .
ar glbarmating currant mroling

[ ]

. R s 0 -
Zisotpic 2lant Holsl Ta. 2580-47

2.17 amperaz, and o0 oyeles {(Ploure’ll. 7

tral of this gensorator, we uss & dsiachable

tpanzformer whlch can be carrlsd separabtaly.

type cerrying handlas form the osoly modlfization to the

machine as menufactursd, end 1ts welght, wilh handles,

i3 143 pounda. ®within its power llmltstlons, this gensr-

stor has proved to be vsry ssrviceable, although the

engins 18 sxtremsly dilfieult to atari in cold waathar,

4 reoadilly sdlustenls throttls makes 1t poaslble to greally

tnereass the angine revolutions per minuts, which in furn

sreduce & consldorabls increass [n the number ol gycles

of the zenarator and 1ta subsequent voltage outpus,
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should ba smphasized, howsver, ihatl srolonged genarator
sseed lacreases ars nob Lo be rasomnended 23 they cannot
me malntalned sithout danger ol dasmags Uo the unis,

wor dirsot current we use & Hqonmsllite, iodel
2un230=1, rated at 230 voltla and 10.9 ampesrea. Thls
maghine, lligewlse, L3 mounted on stpatcher Lype carrying
nandles, to which ars attasned a filold rhaostat and clip-
sult brsakxer panal {Figurs 2). ¥alle the Homwllits walznsg

150 pownls 4% has & lowsy gentar of gravity snd, becamuse

el

o

af 4nias snd Detter walsnt dlatributlon on the nandles,
does not sae: move AiiTiculs to carry. Ihe sngine is
aasily staried regardless ol woather tconditions, bdbut
cannot be saceled up o produce vollage gubiud above theo
230 volt ratlog.
7 have asubstantlally oastabllszsd st both

of thess unlta have good and Lad lealures, ans that sach
nas & greater ol foctlvensss for parsicular sirosn condle
£lons. Slow xmoving watars having uah cover in the fora
of snags, dams, and overhanging banks and brush sre very
effestively worked with the D, C. unit wihlch hes the ad-
antaze of belnz abls té draw¥ the Zish out [rom such covel
and, in the case ol some Draver sond sentions, Io bring
the fish te the surface for sasy saplurs desplte gonglder-
sbils turcldity snd depth., IHowaver, Iin %at&?s neving
falrly rapld flow, Lt hss besn obder ;%i toet the {ish,

18 atill shle o swizn in the D. oL Mreld, sould not

s
ik

23
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do o sufficiasntly well to withatand the force of the
water, wors removed [rom elsctrlical influence, and qulekly
recovered thelr normal fscultles, Under such condlitlicons
many fish were observed to be loal.

It waz also 4lscovared that the D. C. machlne
lacked sulllelont voliage outpud o produce an ellsctive
slaetrical Tisld 1n wabars of high resistivity. In sueh
waters the only fish shocked were those that wore acci-
dentally brought into the high voltage arsa directly adja-
cent to an elescitrods. In both these situations the 4. C.
waa found to be advantageous from two standpoints. Firsie
l7, its im@a&ilising affects are sush that recovery 1z not
usually insbtantaneous upon removal Iroa the {lsld, th
oroviding s loager time ln whlch to caplure tho riah.
secondly, the voltape dlffsrantials represenitsd by psak
voltase values and varlable ganerabtor spsods Incrosge ths
strength and effastivensss ol the electrical [leld. HRasla=-
tiva to alactrofishizz, an lmportant conslderation in
maicing any comparlsen of alternating and direct currents,
having equal source or "name plate™ voliages 1s the fact
that readings of direct current volisgse, which 1is non-
e7slie, represent s constant voltage, whille raesdings af
alternating currant, because ol L1is gyclle nature, repre-
sant affecilve voltsges, with peaks that actually rilse
considerably above the "nams plate” ér rated voltage. For

sxanple, the peak values of s rated 230 vell aliernating
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surreat generator will sctuslly be adout 325 walie
(230 xV2).

T 13 extracely &10flcult o zaue yalld compari-
aans of the reapestive effliclanciss of the wwo types of
surrant under fisld conditlons, An 1danl method 1z fo
wlosk off two similasr sectlions of ztrsan, detoraine Ihe
nopulation »f fish in ¢ span ssetlion end compars percent-

ces of the total sopulstion taien by gaoh currsnt on
apoh ahooking rud. In xmost waslern sireana it i3 imposs~
1wls oo retaln Semporary blocks, such &8 nets, for a

gqurrtetant tims to meks sush & atudy. In 1isu of thls it

e

asnsars thet an eatlmaiion af afficisncy any be made

wgpaad on Lhe peyeanitarw of TELeVery af maried fiah Irom

5 . -5 2 -

= unblosiked atrsan ssctlion, Fiars nesvar damns or soaallow
FaE L, | A ¥ = gy $¥ = =sd b

nirtlag arwvide gqulss alfective borrisrs Lo fisn ablonsbe
B o v g K fizs 3% - - » T G 5 k4 - < b

Irn boomevs Irom s seapling aras. =12izing 2uacn

natural barriors, & serleg ol gompariseons wes Pun on
siatlar secslons of the dorth Fork of the dishligsn Alvar.
Teo pond sectlons wera sirsas o nennel bsaver ponds. Sobh
sonds wers sbeut 200 fest long and had hesvily gilted
wothoms and generally siallsr sonfizurations., Two strean
gastions wors ssch sbout 250 feet long, and boia had an
average widih of sleven fest, an average depih of 0.3
feat, & veloslty of abau%'@,? Tast ?@?‘5§G$ﬂé, Tn ail of

)

phase fostlons, She Lrook troul, mplvalinus fontinalls,

TH2

ok

was the pradosinant speoles, wilth brown trouis, 28
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ematta, and rainbow broul, salmo zelrdnerii, bsing present
T ————

im ralabtively 3msil numbars. Ho athar spacies of Iish
mapa ghsepved, Samples of the [lsh sopulation of sach
seation ware captured by shoeking. The or 1zinal samplss
from all sectlons wars m&rkad'f@r {dzntilfication with
distinezive fin elips and relsassd In the eentral parit of
the section. Approximately 2h nours efter initial same
pling sach sectlion was reshockaed and the number or reé-
gapturas recorded. 3ola the orlsinal sasple and the ro-
captures of each ssction were taken with ths sage (ype
af elescirlcal current {(Tables 1). A statlatlioal test of
she Aifrepences between dhe bolal perosnlapss of {'ish re~
soverad wiih sltsrneting amd dirsci current alzcirollish-
ing equioment was Tun, using the siznificance of di{far-
enca Laswesn prosorSions {ardin and Colion, 1939}, There
was no signiiisant dilTerence belwven s Sotal perceni-
sz08 of pscovery Jor althar Lypa of surrant in the pond
or stress sechions respsetively, but there 13 indisatlon
of & higher sfiliciency lor Loil in the stream socbliol.
The diffapencs Belbwesn thie recovery percentages for pond
and sirean 5ua¢k&d with al nabing surrent does not
arove to e ol nlgn slisnificancs, but for direct currsnt
tne difference lles above the 35 psrcent level of slzni-
Jicance.

ane additionsl ooaparlison was attempted. Two

LOO foot sirean seitlons wers sanpled In the abovs
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deseribed menner. The ssctions appesarsd similser in all
ressects, including sverage width and depin, exgept thab
ths seoblon worked with direct surrent had e waber velo-
slty of about 1.7 feet while the alternatling eurrent
section had only 0.9 fest per sacond. The porcenitage of
ragovery for dirsct current waa 3.3 and for alternsilng
currant 15,4, and ths d4iffarence betwson these values,
iying above the 95 parcent level of signillcance, glves
an indlsation of the ilmportant relstlonship of the force
of the wabtar bo shosking effielenay. %hille we have bean
ahls to show 1ittle difference in overall efflslancy be-
twaen alternmating and direct currants, 1t ls inverssting
to note that Pratt (1932), from siallar trilals, reported
higher efflclency lor dirsot cur?aaﬁ. It may he o ime
sortance that, in his comparlsons, ihs alsoarnating currant
unit was rated at 110 wolts and 500 waitta whille the dirssct
cupront was supolled by a 230 vali, 2500 watt mechine.
Mops pecent comparisons in Jew York Sials ({Wabaster, 8t al,
1955) wepe made with alternating and direct aurraﬁt
machines of identical voliage and wattaze radings, and
those indlcated a higher effislency for aliernastlng cure
rants

shatever the typs of current used thers 1s one
gonsidsration. wnish sppears to have particular impor-
tence in many areas of the Rocky dountaln reglon. Fer

greatest prasticabllity a generator must havs & sulfie=
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slantly algh voltags and amperspe rating bo sllow lta use
12 the widsat possible range ol waler resizsivities. In
the paat very little has been wnown sboud bthe orohadle
sower requirementis for nosking operstlions, and 1% hes
waan & conmon practice to complotely overiook ths fact
shat @ =mschins of low voltage and sxparans gapacliiy will
have very limited spplication. wa nave found that the
range of Colorado's water reglistivity is such that none
of the machines, with shlenh we have had axgariénaa, will
sover Lt. At present, the 230 vols, 10=11 ampars gZenarbe
tors sppear to be the highest rated availabls in the
gnited Statss for practleal electrollshlng purposss, and
thsy are satisfactory for a fair range ol wabter conditlos
Lower voltage asshlnes will prove very inefractive in

many of our sountaln headwalars, and unlss with sppracia-
»ly lowor amparage capasliy ®11l have 1lsile wvalue in

v mnre zallne watora of this arsa.

wnlle alterneting snd dlrest currenisa h&fﬁ nad

wide application ln Asorican fianariss word, sonsaratively
1ittle field applicatlion has been made ol pulsed or in=-
terrupted currents. In Cermany, whare elestralishing
appears to have raached a ralativaely hlgh degres of davel~
opment, babttery opsrated units g%@&uaiﬁg pulsed current
nave oroven to be quite affective (Heyer, 1951). At

1eass twe SJerman companiss are commerclally =armlacturing

=

alactrolissing equipment, and through racend carressond”
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ence with one of these we have obtalned information on 8
gasolline driven generating unit thet w1lll produce pulssed
surrant, 48 yob, however, we Dave weern unable to lsarn
by what msthod the pulssationa gres produced on thiz and
ather Garaen 28cRinss.

Standerd physicloglcal sxperiments ahow that
elestrle cuprren®t affects & nerve stlmulus upon sach
alosure snd apon sasi openlng of an alsctrizal sirculb.
Purther, in the cass ol galvanlc current, the responss
1g the gresater for cireult closure {zoethout and Tultle,
1945:91-92), Pulsed current, as used lor slestrofisaling,
1s a zalvaniec current hsving & songtant rate of sush make
and breas interruptlons per second. In order for Lt o
produce maximmm [ishing affectiveness, certaln ratios
of on and off perlisds as wz2ll as pulse freguenclies appoar
to ba sagary. Accorilng bo daskell, 2% 21, {1354}
sulse duration should be long snough o reduse voluntiary
mntisn wlthout producling complate nareotization, inder
auch gondltiona the [ish show the usual galvanctectis
yas;ahsa and, in addision, an involuntary awim&ing motion
posulting froa the pulss stlamlus. 4An eptimm ralatlion~
sinlp appesrs Lo axliat at & rate of one sgusrs pulss per
sscond with & poak of 133 volts maintained for 0.5
ssconds, {Haskell and Adelmen, 1952]. fhe fSalorads A
and ¥ Depariment of Zlsstrical inginesring has dasigned

s yariabls interrustor which, with & 230 vals altornalbing
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current generator, 8D producs elithsr rapldly pulsed or
stasdy direst current. nuring the prelimlnsry testis of
thia devieca, the reactions of +he flan have baen erratlc
and othepwiss very sizmlliar to those descrlbed by Haakell
for rapldly pulsed currend. 17 tials compact unit can be
taprovaed to produce & mors sffagtiva pulsed surrant, 1%
111 be a very practloal additlon Lo slactrofishlng egulpw
ment. With ons gonerator and 1littls addlitionsl expensa
and welzht 1% will be possibls o nave alternating, steady
direst, and pulssd dirsci surrenss.

Proam our brisf discusslon of the bulk and welght
of gasollne driven generators, 1t is obvious that these
anits ars lmpractical for use in relatively insccasslble
waters. For this phass of alectrofisghing, zome Iora of
batbery operatad agquipment appesrs Lo ha fhe anuswer. Je
havas mwentloned That the Uermans havs devaloned batltery
oparatad shocking unlitis, sut, although some of bthese &I
ralatively small and compacd, thalr design does not
apnpsar to be well sulled To sxztenalve portags. §e dave
spde & nunber of trials with an alreralt dynamctor sner=
zlzed by a 3ix or Lwelve volt storags battery. The dyne-
motor 1 a Mallentine, Type Vo. 33003 CB, manufactured
by tha Russsl ziestrle Co. of Chicago. 1t draws 21 am-
peres on & six volt batllery and aleven amporag on &
twalvs volt babtery and puta oul 500 vélﬁs and 0,156 so-

seras of direct current. notn dynamotor and battery are



sttanted to & wooden frame which in turn ls lashsd to &
U. 5. Army packboard (FPlgure 3). The unltts portability
dependa on the wolght of the baittery. @ltioub balter;
the packboard end dynamoter together walgh about 40

sounda; the sddition of a twelve volt sircrafll batlery

#,

ralags the total welght %o O3 pounds, a readlly manago-
able load. AS the sircralt vatbtery that we havs ussd
nas & 25 smpere-~hour rating and as the &ynmmnte?"&rawa
11 amparss &t 12 volss, the maximum opsrational time is
about 2 hours. For & charge of longer duration we have
trisd both standard snd hesavy duty silx volt sutomoblls
batteries. Thess range Iroa absubt 100 muapsre hours for
tha stan&érﬁ to ebout 130 for the heavy dutry and &Aﬁaﬁﬁ
the possible constant oporatlonal tine to heltween foww

2 4 oy Hy 3 o 1T ie e g P | e TR
and 31 hours. Ths "1178" ol any of Lhese Dallerisd can
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szantlally lengthens the opsrational 1ils ol the unle,
tralr welght of 45 pounds so increassa s pack load that
1t becoms’ hack-hreaking and unssinly.

n additisnal lisltation lies in the amprage
sapacidy of tas dynamoior itself. IV has besn Iound thatl,
shen usad with our paddle~iyps slaciredes lor walsrs
ranging helow 30,000 chms per cublc centiseter in spaci-

fiz resistance, the dyaanotor rapldly bscomws overheatsd,
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%ilth slectrodes placed six rest apart In the stream, ws
have recordsd s water raslataence of avout 2,000 ohnma in

& 8irean having the unusually high specifio resistance

of about 50,000 ohus per euble centlaeter, Applying

Chms law %o ths ratings of the dynamotor, 1t will e ssen
that & reslstence of over 32000 ohms 1 neeessary to pre-
vent an overload of the masnine. From thess deta, it
would apnear thst any concelvable natural watap sondi-
tiona will cause sventusl ovarheating,

The Colorado 4 and 3 Zlecirical Engineering
dapartment hag conatricted a very lizht sna compaat
vidtrator-transforaer unlt Patterned sfter thoze desoridbad
57 Haskell, st al, (1954). The vibrator transfomas the
dirsct surrent of & storaze battery to altermmating surrent
and a palr of transiorasrs shanses the low volbaze, hizh
saperage survent to aizh voltage and low @nperaze,., With
toe edditlon of a restiliar, the alternating surrent may
be converted %o nign voltage direst curreant. It has not
&3 ysi Deen posslbls to obtaln the paris necasagzary to
provide the latitude of operation raported by Haskell,
and the pressnt 100 val: output has not sroven teo
ellectlve in trials mads in waler with a spscifis resiste
anse ol about 15,000 ohms par eublo centimster, Lventual
modilication will-raisa Bobh the ?alﬁags cutput and sup-

renb sapasity, and thase improvensnts, togethor with i:g
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Iizht welpght and raduced battery drain, should make thils
unlt wvary alleoctive for small, insscessinle, mountain

Strsans.

Zleastrodas

The slsotrodss, by whish sh

is introduacsd Into ths watasr, are 2loost as loportent

Lo 2lectreliahlag as the current source, Ehon an slecw
erical circult Includes & conductor of constant dlameder,
guci: 58 & cable, the voltage gredlsnt remsinsg wnifopm
along the lengih of thal conductor. Ths slesirical fleld
setwegan fwo elsclredss In & sirean, howsvey, pressnta an
entlirely different situsilon. fsrs ths condustor, the
stregmn watlsr, ne: 2 aiaﬁﬁta§ restricted only by the
dimsnaions of ths strsaa beds The llines of slesatrical
current-Clow dlverss Iroem eosh of the slsgtrodse so that
nile the volTage gradisnt will messure ssvorsl volis
seer en elocircde, 1t may be & {rsction of one voalb at a
polint nidway betlwson slecirodee. 7Two bars copper wirss,
attazhed Lo & current source asnd immsrsed in s sirsam
wili produce an electirical fileld. Howaver, mﬁgh of tha
alfectlvensae ol en elscurlesal flsnld in water is dirsctly
rolated Lo the arsa of conduciing surlface of the alag=
rodsa {dezillan, 1925) and, 17 the conducting surlace
is 3mall, the linag of current {low ara‘aanﬁﬁntrazaé'at

the eleclrode and diverge very rapldly, so that they may
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e widely disperaed aldwey betwsan the electirodes
(Plgure 4}, In this sisustion thors l1s an exirsmely high
voltage gradient at the elsctirocdss and 4 very low one
nalf way botween them. Hlecirodss wilth gresaier conducting
surface will reduce the woltage gradient at the ologw
trades, At the ssme btize ths wollaze gradlsnt at the
aidway point will e appreoclably higher, Uscause the linoes
of Flow are mors nsarly parsllel throughout the entire
lenzth of the intermediate water {Figure 5)}. This can be
resdily demonstrated in airean or laborstory wlih a
vacuum~tube volbtaeter and s voliage gradiant probe. Ve
have been sble to sroduce an almost completely unifora
yoltaze zradlent batwsen sliscziroles gét at aither end of
an aguarium and aaving the aguarium ende-dimonslons. Qn
tha oghhar aand, slssitrodsg of coppsr tublng alallarl
plased in the same volume of walter, »roduce 2 typleally
splndle-snapaed fleld, The rapldity of divergence of the
linss of flow wiil, of sourse, vary coasliderably In {d100-
arent waters, depending on thelr resliativity. ¥#e have
ohgerved that in waters of pxtremaly high specilic re~
sistance, 30,000 ohms per cuble centlamster, current cone
ductlon rsqgulires s flsld of much graster wmidth than ls
necssssry in waters of & more moderate speclilic reosistance
of aboubt 10,000 ohms p@# guble centizeter,

Ppom bhs fa:@gain@ ﬁiaensaiam one zust suraise

that, within the p»hysical linitations of the generalor
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and the sperating psersonnel, the grsater the alactrgae
surface, the more eflfesctive the slsctrlcal [lald producsd.
wa nave had soms sxzerlence wish alasciradss made ol sunort
sieoss 3f haavy sopper wirs or 1L/ inch copper tubing.
Thogs have praven o be of very lialted aflactlvenasas,

dus Lo small and cJ&cgdurataﬁ aurface areas. PFhile asloo~-
trodea of deslsn siallsy to those described by Zheiter
(1947) have besn vary satisfactory, we [alf thal a come

Bloation of the slongaded-rsofangular and foot-shaped

*,

a

desizna would give us an elecirsde that would always have
a mmximuya sonduction surfecs in the water., The {lnal
orodust, shown in Flgures 7 and 3, is construcied of 1/2
lnah copper tublng benit to the general sonformatlon of a
yestreboner and clamped into a alx oot woodsn handle.,
Tas aresa brases, ol the game tubling, are seldered Inbe

3lace, and the sectlon filiting inse the handle 1s reln-

xd
&
o

foveed with & place of stesl rod, The csblas to Lhe

4

g

conper sre tapsd to the full length of the handles. Zach

£

sloctrode iz szbout 19 inches in length, five inches in
width, &nd sach has about 938 square inches of surlace
area. Tals area is aboutb t@m.ﬁimﬁa gz grest as that for
e short pleces of tublng or wire, and actual mensure-
asntas have shown these bipgger elecbhrodes, to hava s Tleld
of considerably lmproved effesctlvenses. Ve have [ound
tals deslagn to olfer 1lttle registence to water curvent,

angd besauss of ths vrelativelry sinples form, Yo be
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excallent for praobling dead-ralls, sbe., withoutl Zanger of
snagging. To furthsr incraase the surface area lor Work
tn waters of ezsresely low aondustivity, a sieath of
1/4%h inch mesh hardwars cloth was scldered to the tublng,
witle tnls sodificatlon nes providad an even more affes-
sive fisld, it has also substantlally Increassd the welght
axdl posistancs 1o streas [leow. Hendlles wers made ol sine-
zle plesas of 1 1/2 x 1 inch pine coversd with three
coats of merine varnish. 4 yoar snd & hell of hard uss
have proven the overall construction of theze alasourodes
be very satlislaclory.
geing the same genersl soclealraloder daslally

1y mignt be poszibls to sirengthen and greatiy alaplil;

the sonstruciion by meking sacsh electrode, lncluding

tihe nandle, from & stugle plese of 1/2 ineh or 3/4 ineh

ilaseier slostrlicsl metallls tublng such aa 1s aanuiace
gursd by the General Slecirlc Jorporaltion. The croas

hogasa sould be welded on, snd the handle could bs sither
asuplately taped or filsted in¥o a sestlon of Tubber plpe
or hozg.

For many operations we have found tha uae sf
two slscirodes So be entirely satisfactory, but iz some

twaatlons we Dave suscesslally used a third slectrods

ard towsd, wiih a rope halier, by thes probas nandiers.

2eslde increasing the eifective length of the oparailng
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span, this system has proven o bs ona af'aanaid@rabla
value with dirsct surrant units g3 it peralts bota probes
to be used &3 positive polesz whils the third elscirode
serves as a negabtive. It haz an additional advantage Iin
that 1t Laproves the orlentetlon of the slastricsl fleld,
43 wa have mentlonsd, sn slecirical [leld 13
characterized by llnesz of flow betwpen slecirodes. Along
imaginary linos porpendlculerly Intsrsacting the linss of
flow, thers 13 no voltazs drap or diffsrence In nsobaential,
and such intersects are termed lines of equipobsntiasl.
Thelr relation %o 2 gsiy of electrodes in water 1z schow
matically shown in Flzure &, For alfective shocking the
lonz axis of a fish's body should cslosely paerallsl the
liass of £low and cross the linss of sgulpotentlal. In
tnia posiiion, & mexlaum beadeto-tall dilferancs in Do-
santlial is produced. I the long azxis of a {ish's body
i3 parallel %o the aguipotentisl lines, thers 13 alzocst
na Alffarancs 1n potantisl across the body, and 1% sus-
talns no shook. In laboratory experizenta we have baaen
gbls to obzsrvs éamﬁnatrétiaaa of this relatiocnsihip on

two ta flve~inch carp, Oyprinus carosis, Repesatedly,

specimons plazed in a plestic soreen envslope and orlented
nerallel to the linmes of surrent [{low and scross the lines
of equipotential would besoms rigid upon appliestlion of

voltage zradient of asboutbt 1,000 volisz per lnch. Upon

&

cesaatlon of snock the 7ish wonld usuaelly dis within a
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faw hours. Others, slallarly held but placed asross the
lines of flow and parallel to lines of squipotential
navaer siopped breathling during the sams voltage #pplicaw
tion and usually showed no subseguent algns of injury.

UYaunally in streas shooking the elesirode hends
lars movs 4P or 4own sireas asaer 2ach banil, so thal the
1insa of elscirical curreant {low are at right angles to
tha stream flow and, also at right snglea Lo the most
arcbabls sositlon of the rish (Flgure 9). Thus the flash
are parallel to the lines of egqulpotentlal snd may re=-
salve 1iitls or no shoekxing effsct., If, msz with the use
f the three slsotrode avstem, an 2legirode ol one
;ﬂlﬁ?it? 1iss down atresan Tros ong of opposite polsrltiy,
the ralative poazitions ars such as to orisnt the linss
of ourpsent {low zors nearly nparallel to the strsas Tlow
and the lonzitudinal exis of the Tish (Plzure 10}, Such
g ralatlionship plsess g Jishits longliudinal exls acros:
the linss of eguinsotential and grsatly lnsreazas its
ghancas of subjestion to a meximum dilferance in polene-
tial,

¥e have constructed a slightly dllifzrent 2lace
trode aysten for use in ponds, smell lakes, and deep
stress holazm, This unit is formed of two largs, soml~

sipealar, loops of 3/4 inch copper tublng attached to

15 foot redewood handles {#Figure 1l}. Thesge slacirodes
gre designed prlamarily for boat opsratlons bul may Le
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asad ln streas holss by handlsrs wading the shallows and
arsbing the deptha. HZach ol thase probaes iz squipped
with & pendant selteh which peraits the hanmdler ta cone
trol the surrenit so as to bs able to positlon the glec-
tpoda in the weSer prior to the lntrodustlon of ths aleow-
tplolty. Ag with ihe atrsam unli, ons nrobe gay e pogie
tive and tho oiher negaitlve, or by use ol an intoraediats
negatlive, hoth probss mey be posltlve. #ith this zyatsn,
gktaahed to & 230 wvolt dirszct surrant gﬁnar&taﬁ, it 1=
possibls to "lsad® the filsh sulfielently close to the
beat to allow sssy capburs with & dip net., The gl lagw
tivansas of thls unlt under vardous conditlions has nob
saan [ully saplored, but two suasesalal saapling trisls
mpve hasn cerried out on ons laks,., Durlng the sacond
splal, daing two sosliive proves, o dizcoverad that the
fighlng sugsesss was conslderably hizher at nlong, This
amy posaldly be atiributad to the Influsnce ol the undar-
woter light used durlng alght opsratlons. In any 2238,
the fish wers such sore rsadily broughi inteo the slao=

trizal fiaold,

¥lacallansosus sguloment

maring the slesctrollshing sperations of these
investizatliona we have had occaslon G0 develap sevaral
miscallanecus technigques whilcsh we ha?a'foagﬁ to be useful.

any sizeabla strean ahocklng aperation requires

the use of & grast length of cadbls to comnset slsctrodes
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and generator, 1f the latter 1s nol to De freguently
mavad, Ho zatbter now carefully collsd, the cable usually
hasomes snarisd and snegeed and nacesslisles cunastant
untengling. It was felt thabt winding toe sables on an
srdinary resl would halp consldisrably to raduce the
snarling which Crequently occurs. #e [ound that a 1590
faot cmpacity garden hoss resl will accommodste aboulb 500
fest of J15 sable. With this type of resl the cable 1s
gaally transportsd to tis site of gperations, is ready
for uss wish & minlsmun of preliminary straigntening, and
is easily rowound. A [urther lmprovament was aade by Lhe
sddition of 8 simple sliding contact, designed by dr.
Tona Dean of the Colorade 4 and § Zlecirleal wnzinesring
danartoont, whleh permlis Uoe sahle to bs sirisped from
the moal, as neaded, ¥witaoub dstaching {roxz the jensralor.
The sonbact {(Flgure 12} sonsists ol & palr ol sarbon
weuzhes ghiazhed to the reel stand. The brushaa, wﬁi&ﬁ.
can hs connosbed So the gonerator, meks conbtact wilh a
palr of brass rings, ombedded In en insulating disc
centerad on the axle and fastened to the side ol ths rael,
The laads of the sadle are tapped late the wack suriacos
of the brass rings, and thils Junctlion ls adeguately PO~
sected by the resl drum. A sleel guard, walded to Lihe
stand, praveants damege Lo Lhe brushss and thelr noldsrs,
as well &8 the outer surfaces of the brass rings. The

entipe stand iz relaforsed with stesl engle-iren
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{(PFizurs 13)., ©Ons man can sasily 110t the loaded resl
Pram the bhaelk of @ plekup trueclk, and wheel 1{ whersver
negsdad, The rsel and 31lding contact are littls ¥he worss
for woar after meny shosking operatlions and have proven
40 be benper and tlap aavels.

Tecent opsratlons have been facllitated by one
other =modificatlon properly zentioned In conjunction with
thoe pesl. oOur sable is dividsd inte 100-footl lengtas,
phls seralis the romoval of sections of varylng leogth
fram the resl unii, bui also necsessitaies a8 serias of
camanstions whilch must be able to reslst considerable
strain withoud 2ezarating. For thals we have lound the
two-wlre, 250-volt, 20-ampsrs armorsd Twistlock connece
tisng to be very sailislastory. Tas twe halves of the
ponnastiong ar2 coversd with rubbsr ahsaths which, whlls
not watertizht, orodscst thea sgainst rook damags and

asraaniine thes sgalnsti snazging.

Taa gg Soats to Float Sengrators

#g have found thst meny siresas areass and ponds
are mach mors saslly woprksd when the power pl&ht san be
towed zhortly behlnd ths slscirsdea. Por thls purposs,
we consirucied a asmsll, fla%*batéemﬁ&, boat based on the
desizn described by ¥yers {1951). Trials with thls oralt
aroved 1% to be satlalactory, but ta'%a'laakiﬁg in the
alle=zround convenlence of a two-man rubber 1lls raft. in

using the latier, the generalor earrying frame can be
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slaced ssross the boat wlthout endangering ivs stability,
and the buoyancy of the oralt is such &s to allow it to
ne parilally filled wiih wmater and servs sigmultanecusly

as an insulsted Tlosasing iive car {sigure 14). A 1life

t1

raft of this typs will not only [lost the generalor and
a conaideravle guantity af wabter, bubt alsp one or IWo
men, For thiz rssgoen ths ralt can olten psrovide smerzency
transportation across deep holes or, with a Little upw
streas maneuvering, bring & nateman out over an othorwiase
inacossaible desp arss, These ralis ars of very shallow
draft and cen be pulled through most rifile ereas. They
re ameszingly reslstant to waar, and occaslional pontoon
laaks ars esslly repaired wiith hot or cold tivs aatenling
agquipment. Pinally, from ths staadpolnt of tho Iishery
Tisld worker, in wihosze truex  space ls olbsn 2t A praalum,

the zmall storages apece rogulred ls an lmporsasnt gonsidar-

Toabing Zgulpaont and Its Use

Bath Medillan (1923) and Zaskell {(1954) have

shown thabt the headeto-tall alternating survent voltage
necesgary to sroducs paralysis in flsh is aonssant ra-
zardless of flsh asize. Hculllan, working on ghinook
3almon, ﬂa*culﬁua* thils voltagse to be &bauh 3.7 volis,
whalls Haakell, for natzhery and wild bggwa trout, has

given & value of 3.1 volts, From the standpoint of fisld









i

wors bas Lwo valuss may be considered Lldentlical. IS

#ollaws of course that, i the haad-to-tall voliagsa rs-

N

gqutred for paralysis are ine sam For Dlan of wvarlsus

¥

sizes, then the paralysing voltage zradisnt, or volis per
tneh, across a largs Ilsb w111 he lower than 30TO53 8
spall Flah, snd a voltage gradisnd in taoe water suffiszslant
to parslyze a axall flsh will bs more than suflficiant Loy
larger onas, Poth dcilililan and uamekell havs shown that
tha elfective ?mizaga gradlent in wabtsr depsnds on bLoe
wator resistlivity and thad, in water of nigh resiativity,
the waser voltage gradlent necessary for paralysis is
menter than Ln water of low resistivivy. In wader with
ie posilatanse of 33,000 chms per cuble cenilaedar,

Gaskell Las anown that & walasr gradient of 1en w2l BT

o
i
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e
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*
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imel wllil lapreoas one volb per laca. aoy
Plan.  This would oroduce & hoad-gto-iall voliass al' 3.
and paralysis. Iz a soriss ol field tests we have éeem
abls o abtain ceaplote parslyels on 4.3 to 13.3 inch
wrown Sroub sublested to grsdlenza of betwesn (.5 and 1.0
wolts per ineh in water of 17,000 chas por guble canlle
metar of spaallic realstance, On0 the basis of theso date
w5 have assuwd for £1lsld work, thal a waler volisge gra-
dlent of 1.5 volts per inch will be sufflclent to produce
ssralysls on ell Ifisa over three lineches long, in most
watars, daca of our tsstlng and comparlson of aculpmant

a3 ween ralabive So slscirods sizss and 8pans and
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ransrator outputs necesgary Lo magintalin this gradient
e i

atdwar betwsan eleatrodes in verlous types of waler. For

rhess deberalnations we have used a voltage gradient probe
paged, in dssizn, on the deseripilon of Applegate, st al,
(1552} and personsl sorressondence with the Coolt Raasarch
Labo 1a8 of Chalcaco, and mede to measurs Yhe valtage
aopnas ons lneh of waser, Thla prode la atzachad o &
vacumetube volbmeSar which, drawing almost no power [ron
tne sireuit beinz inveastizated, provides mexlmum mod-
suring acsuracy. 37 moving the probs in the {leld bew~
twaan sur aleatrodss we navs been sble to denermalne &ll
tan varlablons wmkizn axizt in zuch a £lald for any given
aat o sonditions. Tha soures ol power Jor the volias ter

1,

mwns haon & 110 volt alternating surrent soriabla genorator

]
e

1t aliltion to ths vacuum~tubo wnlhmaber we DAVE
nal tho uze of & Zabtery opsaraled valieohmme tar, which,
11le laciking sufficisnt accuracy lor vollage rrgdlsnt

avaluable for general raslstance

|

taata, nes proved Lo Dbe
readings, csesilng elreuls continullty snd rolias »a outpul,
and locating eirculs brsars. Jolh thess sabars ars rala-
tivaly delloats inastramenta, wat ws have found that, on-
slosad 1 & subszantlal woodsn case lined wFitn soongs
rukber, (Plours 13} they havs susialined no demays sven
though transporied with a guantity of asddistlonal squlp=

nant in the rsar of a plelup irucik.
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Chapter III

FATER RESISTIVITY AS RELATED T0 ELACTIROFISHING

gany factors alfect the efllelency of any alacw
tpofishing unit, %ebter flow and volums, straan botton
condl tions, surface aprea of elecirodes, end sizs of gen~
srator, may all be limiting elsments, Huch invaatigation
of these relstipsnshlips yet remalns to be acconpllshed,
Tn the Rocky ¥ountain reglon, an edditlional fastor, the
slestrical realstivity of water, seams Lo warrant a more
extensive examination than heas been conslidersd necessary
by workers in the Jaatern atates. It is for this purgose
that we presant the follswing data from Dumerous investie-
gatiams.

several years &2o on 8 sirsam In gsonihwsstorn
wyoalng some intesresilng obsservalions wWere made on the
l1imitations iaposed on slectroflshing operaltlions by watar
sondustivity., The alsctirofishling apparsaius used consisted
of the standard paddle~type slsctrodes snd 110-vold, 500-
watt alternating current gemsrator with sn attached vl e
snter snd an ammeter. An inlitlal shocking opesratlon in
the atrean's nountalin hsadwaler araa,mét wlth no fiahing
suceess, Poagibly ne flsh wers ?raﬁaﬁi, pul the relative

yaluss shown on the melers indicated & mors srobable
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anawar. The voltmoter showsd the outpubl Lo be well over
tha ratad 110 wolts whils the ammelar ghowed alaost no
purrsnt. Unquesilonably the water In thls siresm arsa was
so laaking in diseslvsed sollds as to be alwost Incapable
ol alestrieal conductivity. Ab this tlme we 1Lttle under-
atood the implicablons of those measursemsnis and gZave
1ittls further attsntion to the matter, Subsequently,
operations were mhifted to a meandering, lowland sectlon
on the sans siream, Agailn we acshieved 1lttle Iishing
succesa, hut thils tize the meters showed & raversal of
thelr relative valuss and we sbtalned an off~scals ammter
reading with an sxesedingly low voltags reading. The
dissolved solids in this strean sectlon wore probably so
slaniiful as s produce meximum currend conducilvity at
& voliago too low to producs & volbage gradliond sulficlent
to Boock fligl.

nasetltlon of theza sxperlonces polots to the
nacessity of & mors conplote underatanding of the slsoe
trical reststiviiy of water and its relationahip to dis-
aslved sollds and water temperabursg, That comperatively
1ittle Information 13 present ln the elssirolisning
literature, 13 srobebly 2xplained by the [ast Lhat, in
thosa areas wherse much 2lesiroflshing development nas
taken place, the sxtremes of water resaistivity are largely
within 2 range soncordent wiih siandard sguipament.

wedillan {1923} in working out requisite voltags gradlentis
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fpr antlsfactory operabtlon of elsctrical [lah barrlers
polnis out the greal Luporianes af wabtor resistlivity. He
soes on Lo develop a msihed for csluoulating tho voltage
gradients required to shock Iish ln waters ransing in gpecl~
#1s veslstance froa 10 %o 10,000 ohams per cublo inch.
values in ohms per cuble lngh may be converied Lo ohuns

ser guble ssntimeber by mulilplying by a econversion fastor
of 2.54, The listed uppsr 1limit of realstivitles, however,
ia considerably lowsr than whal mey Dbe sncountsrsd in

siae of Soloradols waters, askell {1954) alsc points

out the ilmportance of wabter roslstivity and 1ts relation
ta watar temparatura, but here azelin ths lilsted iimits

of 1300 and 3%, 000 ohms per suble cenbilneter are greatly
sxasadad in sarbtaln Colorado waters. Huch of ths develop-
mens of prasilesl elescirsflishilog eguipment hes HEan AsGOINw

2llshed in Sermany and ln recent sorvespondence wilth the

ks

aundegaratalt S Placherel al Jeaburg woe have Desn in-
far=ad that Jerasm slesciroelishing squipment has been
dsvaloped for use in waters having specilic reslstances
betwean 1000 and 15,000 ohms per =ublis geniimetsr, Our
tnvestizationa of Colorade watsrs for inis alacitrofishing
srolact nave shown that spssillc resisiance 1imits may
extand from less thsn 290 to greater than 40,000 oshms psr
cublo cantimeter.

qush of Solorado's strsam water origlinatss In

non=golubls granlitlic aroas and Jlows for sons lderaidle
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discancas over substrates of the same mabarlal. In these
watars ths totsl dissolved solida presant ere low and the
spsaliic resiatance ralatively high. On the olher sxtrem
clarke {1924} shows that many pralrie streaans, whlich have
passed Lhrough sxtenslive a&rsas of irrigated arid solil,
nave ploxed up zreat quantliilss ol zolubls saline msisrial
whish topathar with excessively warn summer temperatures

rran vaduce webay reslztlvity to such sn sxtent thal
starlard slsatroflishing egqulipment 1s luprastisal, The
stragma and reservolrs of aastern Colorado raprassnt thils
axtrss,. For sny siven s=t of elastredes and generaling
anit thare i3, whabt mizht be termsd, an opiimum ranss af
affasblvanessz. Ous o the pesullar and varylng natura 34
an olactricel £101d in a strasn situstlon, this opbliman

rangs appears Lo Yo Jirfteuls to ascartaln axazbly. A

e
g

fon
]
h&
ot

wmowladon ol the aporroximis psslatlslty betwen
aat of eleatrodes 3% 8 constsab span, relatad to the
cenerator!s rated ampers capscliy and an allaacbive alage
trolishing veltazs gradlent, wlll provide a good Indize-
tien of the 1limi: for wsters of low resistance, ¥For
example, im the arkansas River at SGranada, an aleastrode
span of slx T2s8% bhad & resistance of 10 obas, If our
230 volt dirsct surrent gensrator were able o aalntaln
& 230 volt outpubt ths currsnt would be 23 ampepress which
would constliute a zlzeable overload abeve ths 10.9

aagore rating. In setaalliy, Zowevar, whiile thers ney
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be suffizlsnt overlosding to cause hesating, the princisal
reduction in shocking effectlvenass resulia from & smariksd
drop in the 4llTsrenca in poltential slong the oclroult.

Tn otimr words the voltage recessary Lo overlosd ths
siveult vemalng wsll balow the rated ouftpul and consa~
quently reduces bo imelTecllvencss tha wvoitagze gradisnt
soasible with the alx footl span in guestion, Sulliclent
raduction of the span will inoresss the voliage gradlend
by an affesbive atrengih, but soon decrsasss Lhe affentive
ranze of opsratlion to imprastioabllity.

Tn meny of our hsad water arsas the problenm iz

gquits 4iflzrent., Hers tho rosistance al ths water Ry

be so zreat that thers is no chanse of & surrant overload,
wut the meximus subpub of a 110-volt maechine 1z incapabla
of producing a gatislactory yoltaze gradlsnt, aml oven

a mechine oroducing 230 velis or grealer wlll parali only
a 1lalzed slsobtrvode apan. Aspually & incrsase In ths
slastrods span sppaars Lo decrsass the rasistance bsiwsen
the eloctrodas dus to the greast lncreas In diameter of
the sondusiing medlun, At lsast we have found indloations
of such sn inersase in current carrying capacliles. In

wils sltuatlon the voltege gradlsnt decresaso wihilch cocurs
with such an sxtenslon of the alscirods span nay be duo

tos inoreasad condustlivity and/oxr disperslon of the sles-
tnisgl aurrent flow throughout a auch grealer yolume of

wator.



From these sonsideraiions it hecomss obviosus
that Tor a partioulsr slectrods sysiam and a gensrator
of given voltaze and amperage sapacliy there will he both
g minlsus and a mezimum water rosistence st shilech we can
axpact sffsetive slsctrofisbhing. With our dirsst current
unit, whish produces 10.5 anperss &b 239 wolis, any ds=-
eraase in total cireult resistance Lalow 21.5 ohms will
sroduce & simaltaneous radustion below an alfastive voli-
age gradisnt, Observatlons al the oihor snd of the scale
seem to lndlsate thal rsslstances grsater than 5600 chms
also sdversely affsct the voltage gradlent. With our
alternating current unit, ratad for 2.17 amperes atb 230
volts, the minlmum total sircult resisiance, not gllowing
for inductance, spoears Lo bs approxilmelely 100 ohas.
This unlt, howsver, ass proven offsctive In waters of
sufflclently high resistance to meis ths diract scurrant
mashine viriually useless, Tnquestionably thils iz in
sart dus o physiological resctions produesd by eyesllic
sarrent, bubt Lt ahould be also polnted out that the 230
volt desiznation for alfernating current refors to wmhat
13 kmown &s the sifsctlw voltars, and that She pealk
voltage of 325 volis may play an lmportant pert in pro-
dusing the greater allectlvenesgs of altarnating surrent
in waters of nizh ralatance.

Upon consldering tiwae relatlionsnhins of alap=

trinal pealastance of waber to ths eiloctlivensss af slag-
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trofishing appsratus 1t seemed that 1t might be usslul
ts have scme method for a rough predliotion of shoeking
succoeass, Sleetrafisziing i3 a techalgue often usad for
sanpling [ish populstions both a3 to gquantliy and guality.

Tn thls pespest 1t haz besn our sxperlance that lask of

o
e

Tigh s

L

fighing success may lead to the concluslion Ioa

t’

not praasnt, wasreas in rsallity, the answer I8y 1is 4
agulmasnt fallure producsd by ibe aforementioned wator
sandlitions. Any btesting teshnligue whioh will oonint to the
nresence of thaszs sondltlons wlll gaslat 1o a2 more ascurab
raportiaz o0 elscirollsting succosd and may also sarve to
forsatall the sapenditure ol ummecessary tluoe gnd olfort
on nearly unshockables wabsors. 4 relatlively asouralis pro-
dlztlon is possible with a2 vacuum tubse yoli~onane tar, out

nvolvss & lengthy testlng procsaurs 23 weoll &3 the Lransge

[

ortation of cansiderabls Iragile squipsment with wileh faw

;}
#1212 men will zars to be burdsned., To be al all prac-
=1aal such & teas should be siaple and Lavolve as 1istle

a dlsionel squipment ss possible. As alrsady mentioned,
same indisation of water roslatlvliy may De obtalined Iron
a rouzh analysis of volt metsr and ammsler resdings. Fith
experisnca one shoull Te abls lo recomize a volt-aupsrs
relationshlip &% whick slsctrolishing seans Lo g opbiotin.
The data orovided by the standerd methyl orangs
tsst for botal alkalinity (ullis, =% al, 1943}, exprassed

in sarts par aillion of calclium sarhonateg, appeared
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Table 2,-=-4UTHYL ORANGE TOTAL ALKALIYITY AND BPECIFIC
RESISTAICE READINGS TAISN DURING OCTOER, 1954.

Stroan 3anple gpeclific Total
Hamne Losatlion Qesiatance Alkalinity
i T 2 at 70° w,
Ohms/ oo Do

Larazle River 757 8% 19 11,250 46
Twe Ore-lall Cr.  T5% 8% 19 16,500 29
Cache la Poudre 75w 185 22,300 20
sache la Poudre 75% 43 21 25,200 17
cache la Poudrs 707 8% 13,500 35
Cache la Poudre o Sy 24 2,150 53
Blg Cresk 319 12% 30 15,000 : gg
T. Fke J. Platte 327 11§ 26 12,800 :
Forsst Creek 82w 11¥ 25,300 18
Forth Platts 30w 108 2 2,226 151
Big ory Creek 68w 13 22 o 2.8
Naar Cresk 708 53 2 180,700 35
Dear Sreel 72% 78 15 13,900 1
q. Fke 3. Platte 727 73 29 11,100 16
d. Pk, S. Platts 73% 73 12 9,100 5
Jeffaraon Cresk 758 38 5 15,720 gﬁ
Tarryall Cresk 75% 83 27 6,000 f
south Platte 7% 95 33 55200 56
3., ¥. 8. Platte T77¥ 113 23 2,500 173
Trout Oresk 77% 132 3 3430 132
Arkansas River 78% 1as 22 72500 W57
suall River 78w 158 1k 72400 4.9
5. Arianzss River &8 L4y 10 3,300 143
san Luis ¢r. Trib, 32 43 22 %,30@ 128
Zaguache Creelk T a44¥ 13 5,700 79
musssl Lake Inlet 78 U3uw 24 5,200 32
Aic Grands, 3. 7% 3% 400 3% 145200 46
nis Grandas, H. Fi. 38 403 33 14,100 33
clear Creek Trik., W 423 1 15,000 34
Corral Cresk whky 2 21,400 ‘22
cibolls cresi Tride 3® 437 35 29,100 13
Trib, Lals

San Cristobal bw 43w 13 7,200 5
Laka Porik of

sunnison 4w 3w 10 3,100 31
Lake Fork of , .

gunnisen Ly 48 3 6,500 i
Saplnero Cresk Gu k9w 28 5,500 &
sunnison River 4w Low 27 4,200 1L
Tomishl Cresk 13 o497 12 3,300 g2
Anthracite Creek O7W 143 4 15,000 21

1. 7k, Sunnison B, 39% 133 3 10,250 iXe/



mabla 2,=--dETHIL CRARGE TotAL ALMALIHITY AXD 3pufIPIC
RESTSTANCE READINGS TARSY DORIERG OCTURRR, 1953
{continued). .

2irean 3anple Specirll Total
amne f,ocation Realstance Alkallnity

R T 8 at 709 =2,

ohms/scn Dpme

Haddy Creak 89w 125 33 5,000 130
Crystal Aiver 33w 108 lg 4,100 5
Prying Pon River 368 I8 : 5400 5
Roaring Pork 3% 83 12 3,400 27
Colorado Rlver 37 53 30 3,000 155
Deep Creek 86w L4s 230 1,700 160
Derby Oreek 35w 2z 22 2,000 215
Roelkt Oraek 83 23 6 2,500 170
golorado River A2y 25 18 4,700 75
spsepiorn Creek 82% 13 35 2,500 133
3lue River 80w 11 20 5,200 82
Colorado River 76 21 21 14,600 36
%illow Lreek 7% 3 34 3,100 52
Illinols River  73% o0 30 8,700 60
Michigen River  75% 6% 10 35700 39
Joe Wrlzht Cr. 75% 79 18 19,300 23
Tras Creek 758 ™M 7 33,000 12

# cublic centimmter
w4 parts per milllon



initlally to correspond closely to apeecific rosistance
readinge meds with & conductivity bridge and cell, 3
total of 35 zamoless, talen from the Torth alatya; South
#latte, Arkensas, #lo Grande, Gunniscon and folorads River
drainazed, inidleosted a defliniis correlstion “@tﬁeaa the
two tests. These data ero shown in Pliure 15 and Table

2. #alle thls corrslation sppsared to be generally cone
siatent, there were a few methyl orange readings whilelh
Tailed to assount for soms couparatively low resistsnce
readings. Aboub this tiome 1t wag susgasied that the
vorssne totsl hardness tsst, swhich racords slmwst ell
soaisive lonz, as comparsd to the carbonate mwasurs of ths
mathyl oranse tast, might provids ug with & wors ascurals
ralatlonship, and so an sdditisnal asrles ol 20 samples
wz3 taxen on which Varsens hariness, methyl orangs alksa-
linlty, and speclllec reslstancs Lesits were mede. The
data Tor tsn of thess zasples which appsar Lo Da repre-
gentative of the lake and atrean waters of folorado are
pragsented in Tables 3. In Pigursz 17 and 10 the dispersion
of the methyl orange and Versene readings may bs compared,
ralative to identlaesl specifio resistance valiues, From
thess zraphs Lt oy he zson that, walle speeillc reaist-
ganoe and YVersens valucs retaln a comparabivsly consiszle
ralablionsiilp, lhers 13 g ratbhsr w&nﬁuﬁﬁu acatbering of
methrl orangs values rolatlve Lo the %a&ara in the lowsp

speclilc reslalence PANISS.
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zpsides & mors somplevs measurement of tha’
digaolved solids in watey the Yersens masthed oflsrs
three sdditlonal advantages, Firstly, the entliro unit
welghs soout ten ounces and is contalned ina bk 12 x4
% 1 3/8 ineh plastic cess. Secondly, liks the methyl
orange test, Versens employs a& titratlen, but 1% is
somparatively rapid and requirss only & smail nipatte,
Thirdly, the color change denoting the end point of the
titrazlon 13 2ore proncunced than thal encountered in
the methyl crangs tost.

Tt should be saphsasized thet the use ol the
Yergans test, relailve o water raslstiviiy, represonts
only & practliczal genersl lnalcater notl an sxact measura.
The Versens %est, a3z hers described, messures toital hards
sasa in parts par aiilisn by drops, sach drop rspresentiag
17.1 pom ol hardness. Zxperience wlll enable toe investli-
gator to tell gulie acourately when he 1z approasiing
the end-point, and upon which ond of the 17.J ppa range
t peours, fertalinly for the purpose proposed, ihe
asouracy 1l sufflclently satislactory.

43 may be zeen in Table 3, the specifiec re-
ziatance of watar agy change sonsiderably with waier
temperature, Yelther Varsene nor msthyl orange tasis

rezister thls variailion. I the gpepsilic resistance of



g strean ls xnown for any glvesn tempersaiurs, then he
asnroxiomtae spacilic ropiatancs may be csaloulated for
any otlsr temperaturs by use of 8 temperaturs Tastor
table (Tabls 4). It ig probable that Varssne roeadings
rap wnbtars of wnown speclilc resistonce nay ha usgsd to
forg rough estimtas of the spesifiic rogistances of gizndl~
var temporatures iln unlesisd waltors. Por sxazplia:  the
versonas hardness of 8 stres: is found to Be 36 ppm; In
=anla 3, 35 opm sorrssponis with a specific reslstance of
abount 5600 ohmg per eubls contlmeter at 70° P.; by moans
of Tabls 4 it 1s posalbla to aszlonlate the aparoxliante
apesilfiz resiatence for 77° ¥, , wialeh in thls case would
he abauns 3100 ohms ser sublc cantlaster; L0 tos asbual
streas Lezperaturs wers 409 ¥, then the saacilic rosiste~
graa st thal bemwporaturs la roughly 3400 ohms per suble
sontiuater, and this valus aay be rolatad %o an slsolrods
naglazanas for waters of alallap speclli: reslsianca.
maesifis resistancs valazs Tor our saddle slestroies ad
o apan of six foet have bean found lo averase aboul 23
tlmsa the realstance measurad in ohzs per cuble canti~
setera, Thlz rolatlonship would hold eonly Jor thia peri-
1eular unii, but a aiallar one can be gztanlished for any
aloctrofianing unli. It remains o e daterqained wita

#hat degras of conslatency these agleculations will spply

to 3 varlsty ol wator s,
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Table l.~-TiiPIRATURE FACTORS, Iy, FOR USE IX CORREICTING
RUSISTASCE TO THE STASDARD TLMPERATURE OF 779 P.

i

USI%y THR BRUATICHE n?? - Rt/f§i§ Sontinued).

{}?0 ft Q?s f?; Q?! ' fg
£3.8 1.092 B2.4 0. 941 109.40 0 0.727
70.2 1.087 32.8 2.937 11l.2 0,716
7045 1.082 83.1 0.9 113.0 0,706
7049 1.077 83.5 0.930 114.3 . g
?1:2 1.572 3398 {}o%z‘? ‘116«:‘:} '. ﬁgé 5

% pdapted from L. A. Rishards, The Diagnoslis and Inprove-
ment of 3aline and Alkall 3olls U. 5. g&aaﬁtm@ns of Agoi-
culture RBeglonal Salialty Laboraiory, 1947 .

H Hae = Speciiic Resistance at 779 F. Ry = 8peclilc
nsslatance ab imown temperalure; fe = sorreablon factor.



ynfavorable shweking scndicions related b0

aparatu™ ad wator conduativisy may be partially ofll-
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@alng the oporading vaits of s gonaraiing
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umit, 3ueh an incrasss regults in an insresis in the

matput voltaze. Inersasior the ouipab voltage orodusa s

a progortlonal incresss In the watay voltags gradisn

fam g gonatant sleacirode span. A3 an exsaple in 1000
»

faat of & mounsaln strassn, whih a specilic reslalance of

gapay, wo Ipund it

}»n

40,000 = 45,000 ohms per subla cant
tmposalible to shoek with 225 volis of slther altersalling
ar direct supranta. AL this voliags the vaoltass gradisnt
far s sevan oot span of our a2lscirodes was 1.0 volt per
tnan whilsh wes Inadeguate oy officliont cparatian, 37
inarsasing the revelublona por ainute of sur allarng tlag
mipmant asanine ws ware ahls bo obialin an suspul of 350

~

walsz and a voltaze oradlent of 1.5 volls oy ineh fTor

s gam ole etrade span.  Shosking the same 1000 lest

&

]

z1en %hls woltazs Llnorease we had ne d1iTisulsy in baking

16 teout ranging from Swo %o twelve Inchas ia lengih.

o

4 sisgllar comariazon on & lower zostlon of the same

atpaan oroduacad almost ldentlsal results,  Whils the gen-

¥4

winnie

it

srating eguipment zay tolerale reovolullona
inersazos for i1lsited serisds, sush a practize L1s not Lo

wa reaszsonded, a3 1t will shorten thw 1ils of the mache

1nm, Tn adliilon %o volbage increass fhere ars sone

-
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othoy sonaiderations whish may asalst In an luprovement
a® slsetroflishing offastivenesza in high reslstance waters.

In geperal we have obsarved thabt sueh walers wuay e more

FEr

sffectively worksd 1n the late muamer or early Iall.
During this period the waler volume Is usually at itsa
lowsat nolint, and fish, wilch are shocksd, will not T
rapidly ckarried eway. Purihermors, low water sonditions
will often econfline the fish to small aress of deap walsr,
maklng it posslible to subjeot them Lo & mors aoneentrated
alsctrizal Tisld, An addiiional advantage, at thls btime
of yaar, pvesults from an lnorsase 1n water sanductivity
dus to increassd conceatrations of dissolved solids and
higheyr wator Temparalurad.

In waisprs of sxtramsly low rasistivity tha

arobles of inceeasing shoeking elfaestivaness appear

wa

3 ba lo3s sasily solved. The ocbviouns answer 1z Lo use

squipment of & gulTiclont capaclty to carvy Leavy gurr%nt

+

3h and Wildllle Zer-

R
?’

[
3 =

loadg. Acocording to the T. 3.
visala pagant reviow of Turopean alecirofishing develop-
ments, (Jouston, 1349} Germany has had conslderable
suscoess witn alecirollshing teshniques in salt water. If
is painted oub, howsver, that the high sconduatlvlily of
gaa waler necesslitaies the uss of extremely hilshk powsrsd
alectrical sgulpmant. Poterson {1952} éaa@ribﬁﬁ ong of
the Jermen saltwabsr unlis 88 a %%ﬁ,é@ﬁ watt direct

surrent semerator cepsizle of producing pulsed current with



pesks ms uigh as 25,000 ampercs. Ths equipment requirsd
for ausaszsfnl slestrolishing In some of Colorsdota szallne
waters would probably nod approash sush high sopaclitiss,
Yut 1t would zave $o be of & kigher gurrent esrrying
capanity than that of the standard portebls meshines,

13 heg besn previgusly siatad, the uss af & gensrsior
with a low gurrent capacity ino waters of high gondusili~
vity drops the volbage pradlent below 2 sracbicsl lavel.
e havs snesuntersd this situation with our ﬁig&st
surrant moshine waleh has & 10.9 ampers surrsni ratlng.
sur slzapnatlng current machine hes a 217 sapere rating
shish lg somparsble o that of meny of ine portable
aachines sommonly ussd for alsetreflening snd is alaost

sutirely inslflectlive in sallinc waters,

i

o

« s . Fen 21 . . e, B A
It appeurs posalibls that some uss ekt wall

L

b

e made oo he seasonal relationship to walsr feaperelure
and dlzsolved sollds concsntratlon propueed for highly
roglstant watsrs, fany waters are srobadly Eo nizkly
condustive 23 %o e imsuflflclently alfected by these
factors, but further investigation might auow ithet some
sould be shosked during the spring of the year when &
sombinstlon of run~off dilution of disselvaed sollds and
low water tenmperatures would ralsse eleatricel realstance

to & orectical level.



Chnapter IV

o

soum OF THE PHYSICLOGICAL ZFFRCIS Of FISH

SUBJLOTED TO RLECTRIC CUBHERT

An axtensive zearsh of slsctroflshlng literature
gnows very 1ittls reference Lo gpecilflio sxamples of injury
or mortalisty among [lsh shooked during slestrofishing
oparations, The lnvestigations of ¥exlllan {1923} rela=
tize to elsstris filsh soreens showed thet {ish subjeatsd
ta an sibternabing surrent flold suflered & morized incresss
1n mortality for ilnereased sxpoours Lines over thone
nosessary Jor lmmobilizatlion, bul 1istle attenp: at physlo-
lozical svaluatlon was aade. In a 1933 raview of Husslan
sl3atrofishing prodlems, Telov and Tomashevskil (1933)
wantion the Irsquant oseurrence of moritallly in conneatlon
with the use of altsernating current. Imollan {1954) in
nis general review of Geraan sleatrofisiing, has meniloped
that hizh voltases somebimes produce inlurics whlch may
tnelnds sxternal marzings, intra muscular hemorrhages,
and pib frastures, o has furither pointed out thalb, smong
apasiss, there appears 4o be a falrly olose nagatlivs corre-
1atisn hebtwsen sensitiviiy to snozenls snd the ahillsy Lo
sanoyar froa the sflects of slectric abock.

In an effort o couwpsre th% lathal effacta of

dirsct snd allarmabing ocurrenta, we ran & derles ol alace
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trofishing tests in whieh the sltusilon would slaulate
stragm conditions, but also allow elose abasrvation of the
Iish over & pericd of Lims. ?he%a tezts woars sarrisd on
at the Colorado State Flsh Habchery at Bellvue. Ilere a
gravoled=hotion csment racewsy 35 feet long snd & fest
wide was made avallabla, The Iish uaed wers olght o
twslve inch rainbow troub obtalned from the Colorado State

i

Trout Rga?iég Statlon at Upake. After transportation
Irom the rearlng statlion they ware allowed an overnight
acelizatization peried and, on the day of shosking, :
sppeared Lo be in exesllent sondition.

For tils entire seriss of tests, we used ocur
standard alsctrofishing aspsrastus. The iwo slescirodes
were the paldle~tyne alsewshsrs desgoribed. Allernating

surrent was supplled by 2 230 voli, 300 watt, 50 cyele,

[

nan Zlactris Plani, and was conlirollsd By a varlable
translormwr. The direct surrsni mechine was & 230 volt,
2500 watt, Zomelite, to which was attached a [iald rheoce
stat for surrsent sontyel. Ths volisze checks were npde
with & Blapson Voli-llhumeler,:’ |
Prior to ahosking, zll the {ish wers removed
fwom tha raceway and placed in 1lve boxes in the nexi upe
stream racewsy, ocutside the range of the slacirical flsld.
A8 ths lower end ol the racewsy was blooksd by & msilel
saraen and the upper snd by woodsen balfles, 1t was Jeclded

to ahosx in an upstrsasn direction so that any fish trapgped
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at thuo snd of the run would not Te subjected fo shlslding
b7 the matal screen. For he sake of accuracy, sach
shookling run wss asde In & mENNsT a3 similsr So & stendard
pattorn ag possidle., Startling st the lowsr and of the
vocewsy one of the two operators handled the slactrodes
and the sesend, 8 4l net and & small Iloating live car
which he towed aboul seven faest behind the elesctrodes.
The saue man handled the saxs Job throughout the ssrles
of testz. With the slectrodes separated by the 8lx oot
wldsh of the racewey, the elssirode opsrator moved stead-
11y slong the sanblre langth of the racewsy, while the net
aan followed snd resoversd the shocked {lsh sz raplily

23 sossible and placed them in ths Doatlng live car.

Prisr 4o Lhe astual apolication of electrle currant, 811

Jown stressn {rom iths alocircdas.

twenty Clsh wore subjecisd to cach of tarse
d1rravant eloatrisal condlslons, and an addltlonal inir-
tsan £ish wers held a3 contrals but wers handled sxactly
as ths others sxcapt lor zhocking., The Iflrst zroup of
fisn was shocked wibth 227 wolus of altermating current,
The zsecond zroup was shocksd with 150 wvolts of aliernating
surrTant for ehich condltisn the peay voliaxns was calou~
1atad to be aboub 220 volts. Thils group of tests was made

hasguzs wa Felt theat an exanination of the arfacta of
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alternasing surrent heving 220 peal volis was necessary
for a valid comparison. Host comnarlsons of albternating
and direct survent sgulprent, apparsntly fazil o consldsr
e fact that the woltage condliions srodusad by machines
af sgual rating are not actually sisllar. 4 220 voltb
alternating surrent gsnerstor is actually producing & peak
gf nhout 311 volta, %hlle this psak may not rapressnt an
affective valus from the slectrical standpolni, 1t ahould
ha of oconsiderable izmportance from the physiological stand-
noint, &nd 1z probebly e factor in slactrofishing offecti-
iveness. The third group wes shosked with 220 volts of
dlrocy surrent. As diresi current iz non~cysllc, there
are no peak voliazesz prodused by a dirsct current gsnor-

ator, and an oubtpult measured at 220 volis renrosenis ax-

actly thab. ALY veliassss wers carelully chasksd wlilb a
7oik motar.

o

Tha twenidy [lab shosked wlih cach type ol olece
trisal surrant wers first divided into four replicationa
of ive fish sash. Thails divislton redused the posslbllity
of erronsous dadustionsz heling mads from & singls lest.
The [ive Pish in esoh renllcation ware mezsursd, mariked
far identificatlion, &nd plased In the raseway. Aller a
three minubte interval in which to obhserve sny undue
nandling effecie, w#e commencad shockzing. Alter sioeckling,
; £ &

sach sroup wes plased In one of ihe 1ive boxes in e

unger raiewar. Thiz procedurs was followed until the
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ghosking of 40 fiskh kad Beon accompllahed, at whlsh tlue
a1l the fish were rsturned %o the raceway [or observatlon.

pecording to the final mortallty llgures (Talle
8} there appears %o e an indleatlen of & higher lethallty
for hoth ratinge of slbtsraeting surrent &s comparsd to
dipmat current, Sowever, statistioal comparison of ihe
final mortalitiss of shooksd [iah by calzulation ol the
standard srror ol porportions shows no sipgniflicant dlffare
anee among them. Comparing the 55 psreent mortslily of
226 wolt altermating eurrent and the 30 percent moriallty
af 230 wolt Alrect surrent we £ind thal there is & 11.0
pepsant provabllilty of a chance Jillsrance duo bo ssanling.
Gsmparison of the proportisme of 220 wolt alternating
rarwent and 160 vold gllernating surrant bo Ihe unshoskod

o iy, B . p Gan, g 3 SR * I 3 ¥ ‘A:
anntrols shows that thers 1z reszectively a 0.5 percond

Lo samsling indissiing thet thers Ls g provablilliy ol &
aonifisant JifTarenca Zefwesn the mortalitissz of the
aliernating surrent shocked fish and the sombrola. The
13.l4 persent probability of & shancs differsnce dus o
sampling boitwean 220 volt dirgct surrent and unshosksd
sontrsla indlestes that thers is not a sipnilicant 41l7ferw
anas bebtwsen the morialitiea of theszs groups. In [furiler
somparing the slisrnating current groups to ine direct
currant 1% should be noted zhat in both 220 wvolt altoerma-~

crwant and 169 wvolt altavnating curvent the merial-
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ity oeccuring wlthin the first six bours altsr shock, waas
gqulte hizh walle none gceurred Iin 220 wolt direct current.
in axaminatisn of thege initlel morialitiss chowsd thot
all naé the open mouths and 4istended operouls indlcative
of suffceasion, Nons of ths aubsejusnt wmortallilies {rom
aither altsrnating or direct current groups had thoese
eharacterlistics, All mortalitiss wers sutopsied for
possible incidenca of vertebral or sortlis injury, but nona
was found and the axsct sause of desih sould not be detepr-
mimad, Tallowing the tarminstlon of seven days of obasr-
vation & sizmilar autonsy %as meds on the remalning shocksd
fish, ¥ob one instance of such inlury was dlscovered.

n 1949, Faler {1949}, who has haed much sontact
wilih recent Jersmen elsctrofishlng development, reporitsd
niz lnisial ebamarvation of veriabral Injury ol a iype
walen wa bell: ve to be of [reqguent occurrsnss Li Hooky
dountaln s=lescirolfianing operatlionsz. Halsh's own desorip-
siom of the instence is as follows:y

e s 2008 day I obsarvsed in a pool, whers brood
trout wers ¥ept uniil maturity, a large trout which
had been caught with the zentlonsd alternaiing
gurrsnt szirezsie. Ioca&use 1L wss a very lin:
animal [ rempabered clearly the sircumstances of
its catehing. It dld noi ahow sony consplousus
property shortly after catchlnz. fow 1% swan arcund,
atlil aomperaitivaly repidly, ul with romaria®ly
awkward novensnisS. Thae last third of 1is Dody,
fras tha dorsal fin baskwsrds, sbored & sharply
osutlined black colore « o I killed the aniszal and
investlzated, I found during svisceration of the

widney snd [reeling of the varitebral columm that

tha vapbadral solom wza hroksn soestarior to ihe
doraal Fing the nervas were still commecied. Ik
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wones waloh wors abtisched to this part of th
geptabral column were {reed anl hed themselves
stusk ints the musclas and producsd a walmule
alzad affusicon of Plood, w:ich could be geen Irom
the outside a8z & uind of tumor. The aniaal, walsh
herdly sould have basn mechanioally danmaged during
or alter catening, iived in thst comditlion for
about 3-9 wesks. It ean be sssumed thal crampling
by alternsting surrsnt was 30 groat that thls
fpapturs of the vertebral scolumn was ths result

e » &« Tho contral nervesz were laous squsszed al ths
soint of fracsturs so thal also those nerves which
regulats the plument gells ol the sxin could no
jonzar act and could not make the gsllas econtract,
As a result of this the plgment cells remalnsd In
the relexsd nosition and producsed the blsok color
of ths latzer third of the body. Tae describsd
tpout was 50cm. long and had s welght of aboud
1550 zrams.

The injary desaribed by Yaloh alzost axactly
corvasponds o tagse reported by Hauck (1949} for len
larce rainbow troub tadsa with alternating ocurrvead, Fur-
hasraere, both of thess laoveastigators nave polnted oud
that Yhe Irequencsy ol saternal black mayas indlcate & Tar
greater ocourvence ol such iajury than anown by he Jew
oases aubtopsied.

suring mumerous slecsroflabling odspratlona, bobl
1n folorads and Fyoming, the injurlous and leihal slfocts
af slactrls ecurrsnt have often bssn shserved, - Thagze
affacts, in gensral, have appearsd In Two forms wlch
ssam o be relzied to the sisze of ths [ish. Zxaninatlon

¢ mumerous slactrocuted fish ranging from two to elght
inchas 1n length has shown only thres oade’ ol vertabral
frasturs, waereas ln & lapge number of Lhaze fatalitizs

the open mouths and disdended opsreula indlsated probabls



dsaih by sullocatlon. On ths othsr hand, oxanlnatlon af
larcer fish alther 2illsd during shocking oporatlcons or
subsequently ausopsled buoausa ol the sharsctorlssic
wlack marxings {Pigure 19) has ususlly diszelousd the
srasance of mortic rupture and/or partlal or somplete
wvartohral dialpeatlsn or versebral frasturs {Figure 207.
In regard to this vortsbral in tnjury 1% saould be noted
that ous of 30 fish autopsied following numersus shoeklng
operations, 2§ had sustalned the Injury belween ihe 20th
and 4,5th vartebrse, and of these, 23 wers injursd beiwesn
the 30th and §0ta vertedbras, Theso data, in sonjunstion
wits thoge of Hausk {1949}, Iindicete 2 preponderancse of
these inluries oscur dirsctly posterior to the dorzel lia
or, iz other wordis, that reglon in wnloh the musculaburs
is 503t parilzularly inwvoelved in strong or rasld locomo-
tian., At tns progent Lime we imow of no rolsrencs Lo this
tras o injary relative So slectroflshlng witn ilirect

surrent, bul, of ths above 33 fiszh exaalined, [ive had Deen
taren Witk 230 vol: dirset cwrrent, snd the injury dis-
alossd was in every way similar o those with alternating
aurrants

i review of Americen slesctrellishling literature

maksas 1t sseo;m es though thia type of injury dossg nos
gesur btos Ipsjusntly ia most 5@&21@3@ ol the counitle.
Haszall, Lin personal correspondence with thls writer, has

axpressed the bellef thet slternating current inluyy
i o BT
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rarely occurs in the sastarn stater and suszgesits that tne

greater Irequoncy in the wesiaren states may be ralaisd to

wator guelliy or alze ol {lsh. The lather posslibllity is,

at lsast {n part, substantiated by bolh our dzta and those
of Zausk {(1955). Furtherzors, ameng the larger Ilsh, we

belisyae thal the incldence of such Injfury may ollen be
fay hizsher than generally suppoesed. In Haren ol 1353,
during & spewn~taking oparating for the Syomlang Game snd
#an comalasion, we captursd 105 cutthroat trout, Salmo
olarkii, with a 110 voll, aliornating gurrent shoclkor.
Pnese flah renged 1z slze from 11 to 22 Inches in wotal
lenzsh wita an average leagih of 10.3 inches. O©F these
105 fish, 32 showsd the sxtornal marzinga tggisaécéf P

2,

rebral injury or aorilc hesmorrhags. An autopsy of flve

af thesze ilndiviluals,; tastl &i@& iarinz retentlon, disclosed
slonur westabral Tracturs or dlslocatisn. Tassze Jive,
maorsssnting approxisately O pureent sl tns total number
tazan, are the ¥nown mortallsy, bul, noihing 1s known ag
%o wnabt porcentage of the remalning totsl may aave died
fallowing releass, A furiier indlcation of a poasible
nizhn ineldenee of lajury was zlven Lo august of 195G
wnils altsmnting to determine the eflsciivensss of =& 350
volt alternabling surrent subpul ian water of satremaly Righ
pasliasance, w8 saptured 12 oulthroab cae@ ragging froa

4 ke 12 inches in langth, and npeld five whilsh anaaad QX

tarnal mariing for obsarvailon. These [lah wers gub~
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sagquently autopsied., 0F this group, three nad suflered
vertehral fracturs or dislocabtion, and ths reasining t%a
had sustalned very awrked aoriic hemorrhage.

ALt this point 4t should be brought out that,
whils serious vertebrsl injury may result in death within
a shordt time, there 13 evidence of greatly delayed mor-
tallty aa well as some degree of racovery. On November 1,
1951, the field orew responslble for Iishery mansgement
in western Byoalng shosksd and captured for apéwning a
sizoadls pumber of brown trout, several of which, showing
svidenze of injury, were placed in a largs artiflcial
sond [or long-teram observatlon. oOn day 3, 1953, one of
thnase Sish was found dead and an aubtopsy was asde, This
sarticular specimen weighed 539 grams end measured 15.75
inches in length in MHovembar, 1551, At the time of death

ts welsht was 229 grams snd 1ts length was 15.0 inches.
Its zeneral "anaky” appearance and lack ol any megentaric
fat indicated & starved condition, Zxamination of the
apinal coluzm revealed & proncunced right lateral enlargs-
mant of the 33ird vertebrs (Pigure 21) indicating hsaling
of a previcus f{razture; and & Iracturs of the right branch
of the nsursl earch that hed falled to hsal. In the
visinity of thls injury, ths spinal columm appsared Lo ol
incepable of any right lateral flazare,_aaﬁ iig overall
appearance and that of the entlrs ﬁgiy was one i par=

manent upward flaxurs of the caudel sres (Figurs 22), a3
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wall a3 left lateral flexure of the body hoth anterlor
and poastarior to the injury. Prior ifo the death ol thls
~1sh we had observed that several ol thlas group appeaved
ablo to swim only in eirsles. This sonditlon may have
sontrivuted largsly %o 1ts starvablon and eventual death.
As & pesulld of the findings made on thls Ilab, we declidad
ta sxasine four other membsrs of the group, thal appsared
5 hare sustalned injury &bt ths time of zhocking. 0On ona,.
with laft latersl onlargemsndt of thse 35th veriedra, the
wolzht hsd dropped from 397 to 340 grams, the total lengih
had changed from 14 to 13.75 inches, snd a general appear-
ancs of siervation waz svldent. In the addlilonal thres
speclzens sxaalned thers wsre no unusual ahangas in welzht
or length and general body condition appeared o be nornsts
Teanination of tha spinel columns of all thres, however,
ravaaled sronounced latsral snlargement of posiarior ade
doxinal or sauadal vertebrae end some degras ol deloraa-
tlon, inllcating the probabllisy ol a healed [(racture,
Tws of theze Tish wers over i inches in length and the
third wes 12.5 inchsa.

7he problem now srises aas to what aps the physlio-
lopieal affets produclng theous injuriss and aortalliliss.
Tacause of the great fillersnce betwsen the poyslolog :ieal
affacis of cyellic and dirsst currsnl, sy will be dlge
sussed separately. any fora of ayglic glaatric currant,

whather alsernailng or pulsed direct; acta az a nerve



85

2%imulug,. In atandard ohysiologiesal ezpsriments porlormed
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on axelssd musslss 1t 12 possible o demon
lar sontrastian Por sasnch make and bhreax of the surrent
apnlisd to the condrolling nerve Uibers (Joetihout and
i58la, 1946). Uhen a muymber of such siimuell ars applied
in ~spid sucssaslon only incomplste relaxabtlon of tha
muaale 13 posszible end & conilitlon krnown as lncowmpletlo
tobtanus develops. Furihermors, i2 the rapldlty of stimall
ara Anorosgsed stlll zoro the mussle wlll smintaln a con~
shant state of conbtractlon, op complste telany. Hany
yaars ago, Schealnzky (1924%), in laboratory esxperimsnia
with 20«30 om. long trout, demonsitrated just such tetany,
unon the applicatisn of 40 volts of allsraating current
st a dsnalty of 0.00893 ailliemperss per sguare allll-
matar, 43 desoription of the reastlon is as ollowa:

. s o« BEo oanizels swia mround repldly duwming

awitohing on, bscoze lomedlatsly pals duz Lo

plzasnt eontracition, snd the brsalhlar siods.

. s » A tatanio contraction of the entire
body can be sesn. I ths current is interrupted

5k

hesathling regumes fomedlsiely, 8t [lrst slowly,
but scon & 1i:iils scoeleratsd and deaper. The
pigment cells spread slowly oul,
sur exporimwents, carrled out under girsasz cone
ditions and employing standard slsotrofishing sgulpasnt,
& T
nave ziven very siszllsr ressults. ¥Fith paddle-type sloce
trodes 13 feat apart and & zensrabor outoud of 225 volta
slternating current, & vollags gradlent of 1.5 volss per

linesr inch wma2s obbalned mldway babtween the slescirodes.
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leatrio fleld o 10.7-1nch mals npagn brout ¥s3
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nlaced snd held by hand. Uss ol & rubber glove mede 1%L
posaibla to fesl the flsh's resction #lthout subleciing
oneaesll to the currsnt or appreclably gistorting the eleow
tricel filold. Then the fish was placed ab right anples

to the linsa of surrvent flow, In the #ld=7iald aras, 0o
rosction was evlidsnt, but, when the figh was turned ao

s to e parallsl to the linsa of [low, 1t was possidla

¥s Tmal a distinet body tramor whlch lasted for ss long

as the specimen was held in thls posltion. 4 rapatition
of tils posltioning wes asde &t a dlstancs ol 30 inchss
fpan an electrade, Fhen a Tlsh was plased at rizht angles
to thme field, an Iinltlal vlolent muscular spaun ponurered

F

rallowad by reduced movament dut when held nargllsl L0
he flald comolote ifmmobillzatlon ol the
4% a 4lstence of 12 inches [roa dbe slscirods, sno oven
at riznt snzleg o the [leld, tim flen anpsarad Lo be
1mmebiiized, and, Judging froa thelr pigiliaity, tho body
musslas seszad to be in & state of complste letany. “agsed
on thsse obssrvations of apparent, complate telany ol the
body miszles, 1t would ssom nighly probable thet the caszea
of yvartsbral snd sortic damezs ocour &8 & resuls T vio=
lant, totanic contracilons of antagzonistic musculatura.

1% hsa besn obssrvad that such Injuriss often
gacur in situations whers ithe [lsh g%ﬁ shocksd from undar-

aut baes or other sxssstionally probteciive cover, and
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whare, by the gulek insartion ol an alecitrode into such
an area, the fiash have bean brought very suddenly Into an
slentricsl Tiald of extresely hizh voliage gradlant., We
nave meds a number of efforits to try to reproduce such &
situation artificlally. Hetalning flsh ol varisus slzes
in & trough, coastrusited of a standard anlnnow s2line staked
sut scross & strean channel, we havs attempted to produce
injury by sudden insertlon of an slacirods zlose to flzh
at verlous positlons rslative to Llhe alactrical fisld., We
nave trisd this sudden application of ths elactroede on
fish that were induced to vilolent asativliy by hook and
1ine irpitation sxerted on ths mouth or the dorsal or
caudal fins. %o have also tried normel shoocking procedurs
on groups of slght to ten inch fish sonfined to & 5 feot
% 32 fest cemendt racewsay. ALl attemplts llus Tar have

Y

falled to produce the injurles gbserved Iln IJlal

im

apara.
tizns,

43 has alrsady been menilonsd, numsrous c8sss of
sortallty have been obsarved whlch appear to have resulted
Prom sulffocation. 7The ralationship of rapldity of suffo-
cation to oxyuen raquiremsnts as susgesied by 3mellan
(1gi4) has vean mentioned previousiy. In an attompt to
substantlate the poassibliivy of such a relailonsiip to
alsctric shock, we declded to compars ths recovery refc«

2

tinns of & brown trout and s long nose daca, Ruinicathys

satarsctas, wnlsh sppesr Lo diller sonaiderably in
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anoxenia toleratlon. Using the dagepribed ninnow-ssine
noliing trough and & 223 voll allsrnating current outpul
sroducing & waber voliage grailsnd of 1.5 volts per llinesr
tneh, @ 4.7 ineh long nose dace asd a 4.5 inch brown trout
wors subjsatad to ihe currsnt for 50 secsonds,., Foth flasi
wspe identlcally osrisnted In the Llsld. During ths period
of saock the brown trout brsatisd spasmodisally while the
dacs onased brsatilng. At the snd of the shockting poriod
woth fish resumsd & regular resplration gnd within a Tow
seaonds siaultansously regained thelr swloming shility.
Followlng a reat parisd psraitiing rﬁaﬁﬁgtian ol normal
actlvliy, bpoth Lish were sgeln shockxed with o soaze
strength of surrent and siallar srientablon, but for a
perlad of 120 saconds. 57 %ha eond ol thlis tlze parliod
st sera Sobally imumobillzed and the frout ad hlanched
ta polar, Tive mlnuiss efter cessatlon ol saoed tha J808
appeared %o have completely rasovarsd walle the trout,
although resuaing hls normal <cslor, npaver sgailn respired
or othorwlise moved. Lack of additional speclmens pre-
vantad furthar tesss at this time, but one oiharp gompari-
son was mede at & later date with laboratory facl itles.
Ta & 12 x 30 inch squarius sith & wale? deptn of four
inches, and & unlfora current densliy of shres volta per
tneh, alteraatiag ourrsnt, & G603 lach brown trout sub-
jastad to saock Jor 20 seconda nsver moved agalin, whils

4 J.5 inch weastern long nose sucker partially paoovarad.
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Durlng ﬁu&arauﬁ leboratory sxparizents carried
ant on thrse to five insh sarp, thelr recovery from shacek
£ longer duration snd higher voliags zradienta has been
shsarvad. To cite these dadta ss perilal gvidence suppori-

ing tho anozlic tolsratlon concepl.

1n pagard to tho sauses of anoxle condlilons,
#e belleve Shere may be two clossly rolaisd reactlons,
tatany of resplratory musculature snd cardlac iuhihitlion,

sl (1954}, investizeting the elfosis of

* bl
-

Asarinsity,
verious freguenclies of direst current atimall on Joung
salmon, havs saown thad pulzed dirsct gurrant, which proe
duges avellc stimli, has & merkedly innibitliag aflect
an roaplrasion, while contlmusus dirset surrent, lasizing
atianlating qualiziss, nss very Liltlas such 2flscl. Fade

tharunTe, Shey wera abls to show fhst en inoreads in
surrent sulse freguency increasss rszplrstory inntuleion.
17, @8 investigations se2a to indicats, the ausculature
af & riagh do23 basoome g&?ﬁiaily ar completely tetanlized
iz & syelle surront fisld, 10 sooms probabla thsi the
siuont sessation of respiratory mowsment alght, in
1tsalf, sventually prove letial. Coupled wiih tals con-
a2i%isn share 18 ary probabdly an lapalirment of v clr-
salatory sysisn, walcsh, by mesns of izs contack with the
53111 fillamenia, 18 a Iflaltz prionelipal =means o CUp~ 02
.

szchansd, Oonasldering the probable physlology lnvolvad,

1% L suggoaztad shat the atlamulatling componenis of tho
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sliernatlng currsai sot on the vagus nervs wihilch, when
8o sblzulated, may cause a decreasa ln ralte or force ol
roart beat or sven complate ceszatlon {zostasut and
Tuttle, 1945}« An additlional somplloatlon may resuld
foam sardise fibrillation, which la the dlanordant rencw

t1on of bhe normally concordant heert muscle [luers, and

b

3 vary ast Lo occur upon wae applleation of a strong
sleetris currsnt. Thls condltion 1llkewlse will producs
cesgatlon of cireulatlon. Durlng asny such peried af
soronury fallure the {low ol blood l1s impaired and Lhe
nody btissuss are wiihout an 2lllis lonbk Qp=002 GXCHANZA.
Jush lapairment ol heart gation, nowmever, is lemporary
and desplte contimued vagal silmulatlon the Deari resumes
neatlng. The vagal lopalrment ol heart astlon 1s known

s carsiiae Lloniblsion and the subsegquent resumpilon of

Tt was P£als that any iaferuatlion on ihess re-
sotions ralative to an slectrofishing slituatlon mizht glve
a alue %o soww csuses of mortallsy. Hith the agulpsent
avallabla it was imposzible to obasrve this ssgusnes ol
wsgotlons a3 1t would ocowr In &n unharasd specslimen. 90
four ocgasions observeilons were mede on anlizels vivi-
sscted bo expose the perlcardial cavitys I6 musti ba re-
mmonered, howevsr, that 1Y 13 acsainlis tihalt the rescilon
af the uXposed &nd UneR)osel Hearis may be Juiie . GiTfare

ant. ~Sur Cirst test was mede undsr [leld aonditlons with
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an alaven lnch mels brown trout. With the [lax neld bally
up in the sursam, tne pa arlcardlal cavity was opened Lo
axposs tns hoart. Ugon applizaticn of an alteranaling
eurrsnt Sisld with & gradiaat of 1,6 volts per linear inech
s wazer, Cfibrillation ocourrsd regardless of shetlhsr the
fiasn was srisntad sirallsl or abt rignid anglag Lo tha }Lﬁea
57 aurrant low. In & gradlent of 0,33 volte per inch,

"uplilation gosurred only when ths [ish was parallsl to
tha ield. '?allgwiﬁg & psriod of applleatlon suffliclent
to sbtop all other obsarvaedls gotion, Lt was noted that £he
~gart nad resuned a slow but regular pulss snieh contlne
ned gggrdk%&z af orisatablon.

Tha peaginlng thiree Legla wers carrled oudl in

tia laborsiory, wsing an ajgusrioa siln & unifora alacw-

2 i ~ X S ot 2 A = s - b - 4 i
“2ald paving a gradlsat ol nres yoLLs par Lnod

m

2 =y Ry £ s 2 p
of alzernating surrent. Iae 11X

i

5 apsslsen 3nockKed wasd

x
E
s

& 10.3 inch wostern whlts suckspr, falostoaus commarsonail,

yivisacted as daesarided, Prloer to the apoplication of
“ahosk? ths sulss was timed at 1.3 psr sscond and appeared
atrong. ourisg shosk the pulse was raduced to 0.135 per
secsnd, and tho heart appearsd to be tn s state of fib-
riilasicn. ¥lth the gsssetlon ol shock the pulse rate

rose o 1.0 por sacond. The nsst best was apde on & Te3

tneh brown trout. Ths pulse rate was olosked av 2.0 par

poe

second seroras curroni applicaitlon snd dropped to 1.0 par

a5k & &2 e B % - " ~ & e
sscond for bae first 30 asconds ol ahoosk. Howsvar, &.507
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30 asconds the heart egamencsad a slow, rezular beat wialeh
sontinued for the shock duration. ¥ith the ceasation of
suprent the pulse spesdsd to 1.5 psr second., The [lnal
teat was mede on & 3.3 ineh brown troal wihose pulse rale
asrior to shoek was clocksd at 2.0 per sscond. During =
20 second sagexing perisd an initlal fibrlllation was '
gulckly followsd by & regular pulae rale of 1.0 psr sec-
and thet eontinusd altar shocu ceszgation. Thess Tesis
ssem to give a definite indlcatlon of the Inhibliory re-
sponss o syelis surrent stimulil as wsll as the oventual
sgcape Srom inhidition, bul furiber tasis srz neco.sary
For a valid sonelusliod.

It has been previously polnted oulbl tosbt Ilve

3,

Sian togen with dipsat surrent, havs shown the verishral

0

currsenit, A5 A resullt of those observailsng, 1L mas de-
cized to try to dsteraine what some ol the aclusl physio-
lozical affecss of this current wmisght be. Any one wio
hes had the opporbtunity to work with dlrsect currsnt alag-
trafishing squismsnd is well aware of the galvanotactle
phenomena in whics the fisa, alftar inltlel anodal orien-
tanion, swla toward ihe posibive slooirode. The antusl
cause of tula type of orisntation doss not appsar Lo b

well underatocd, Hellbhrumn {1%43) roviews a aumbspy ol

Ctheorles of explanstion. For instancse 10 has besa con-

sldarad bnad the rasponss iz rolsted o ihe veatlibular



apparaius of the ear, tutb subsenuant wory on decaplisied
A hag shown bhgt the responss may siill be gregent. A

ascond theory has supgested the posalbllilivy of roiation~

ship %o %he lateral line sratem, bul the response has
bosn desonsrreced in snlasls in whlch the nerves to this
gystem havs Doerl CUul,. rntll recsntly it wes congldsred
thal the prassnce of the spinal sord is nscesssry for
gslvanotaxis, but experimenta by Hasiell, at 8l, {1954)
rosorded galvanotaxis ino sgecimﬁma'fraa whlen the antirve
santral nervsus systen had besn reseved. (00 ths basis

o the latler tesis the lovestlgaiors postulate that the

salar nat of the caudel peduncle.  The arlantation al'fecy

L B 3 4 P L T fu” LY S PP J 3o N = F
FolliloWing or.un Latiaon, WA L34 awlh.n LoWaArL Wi

i

anois, Sub if retalned oo long in tne elscirizsal [isld
sppaszr Lo becoms stunaed and drap to the boitom. dowe
svar, it has often besn possible to #lgai" fian for dls-
cancas of over ten fset befores all swlmaing ability zeassd
Tn his sarly work Schsminsziky (1924} considered that ioe
1amobllising offscts of altamaling and dirsci currenis
wors siallar, Bud stiridutad hem poth ho elactronarcoslis.
Subseguant inveaslgationa {(Ilshealazily, 1333} provad thal
gltarmesing snr?ana‘gr dused imaobillzatlon dus %o

seranls amuscular contracsturs, and Xraus snd Rolfilanstul



{14933) went on to dexzonsirale

aidarable dlffersnce beiweon alternsting

ey B EAN. Y
surrent effests, Pelng

caflein, ®hich, wiih

sontractions, thay found that,
sroduzed sueh conirscilons, fallling

»rhamsors bthey demonstrated thst

meranalor contrasblons were reducsd

# animal facing anede - hadl no co

104

thet there 1g actually cone

nd dirsoet

sninals troatod wlth & solution of
stianll, orodusez irreversalble mugols
x>

whille altarnatlng current

iimsat surrent, whils rising dlroet current - head of
arnloasl fasiay cathods - and slisvnatlop eurrents sotad to
augment iezme  In thess lalier findings wo Hasin o o6
that, tuere iz avidense s a Jiffsrense In Almeat surrent
T ants sasording to the arlentstlon of & Iish townrd the
angde opr saticde., Furthar stady of thlz latier aoanayvle
son was mais by Coasalnziy {1335) 1n whicn ne was acle to
snod qulte censlusively that rlaling direct surrent NA3
stimilating snd febanis afiocts wary sinmllar to those of
sltarnating ecurrant,

arior to our nswladze of
ewn Lnatancess of vertebral inlury

hapvy morialitlos ahgaryad Lo ooour

the shove dats, the

zsnd the oacaslisnal

yislatsy af our asgatlve slscirods, indisatad tha possi~
Bilisy of & differential in anodal and satinodal allacis.
In aa astespt o verily shils, as well &3 Saw aomaarablive
arfacts of aliernatins and dlrszb surrani, %o asls & Tlald
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tagt similar to the:d daseribed for alternating surrent.
In an elsctrlcal 7ield with & mldpolnt gradlont of 1.5
volts of dlrsel current per linear lnch, the ressiratory
rate of & 1l0.5-inch femals brown trout was only asllzatly
rsduced, and no tetanle s{fects ware detacted when tne

nlmal was oriented Tecing the poaltive alascirode and
within a distancs of twelvs inches. However, respiration
csased and & Setanlc condition resulisd when the animal
was placed in a similar position relative o the nsgatlive
aleatrods.

subssguently the Ilsh was vivisected and the

haapt sctlon sbassrved as sravicusly dsseridbsd, In ths
1.5 midpoint volitage gradlent the pulss romalned normael
when the fish was held at vight angles to the [lsld, and
suiffared only a momentary chesi in the narallasl poslition.

thin twslve inchosz of the positive sliscireds nobtn pulse
and breathing appearsd gquits regular and sb e <t Lhe
sama Alscance from the nagative asleotrods the pulse was
graatly reduced and breathing appearsd to cease. Agaln,
tn this experimsny, we wers able to obssrve ths sventusl
reguaption of the heart beat regardless of body orisnta-
t1lan in the Tield, An additionsl tesi was zade wiih a
13.2 ineh male brown trout, whlch had been shocked Lo ths
soint of exhsustlion, Insertion of the positive slactrode

=3 twelve inches of the animalts head allowsd foeble
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rogpiration while the negatlive 2lecT ode in the same
nosltion produced apparent lmmoblllsy,

on the basis of these fisld data 1t was decided
to meke siailar, dut more extenslve, investigations in the
laberatory. Copper plates, 12 x 5 inches in dlmensions,
were Titted into sach end of & 30 x 12 2 12 inech agusrium,
and wired ta“a airact currant system capabls of adjustment
to produce any desirsd voltage gradlesnt. The gruarias
waa Tilled wibh waber to a depth of four inches, and, the
yoltagze gradlent between ths elsctrodes was tssled an
fannd to he uniform. The teat fop urniformlity and subse-
quant voliage gradlent dsterminatlions wero mede with a
one inch voltage gradlsnt probs atltached to & vocuun-
tube volblmehar, The fish were held in the electirlc Ileld
by 8 & % 3 ineh plastle sersan snvelona whlch poralilted
normol ressiraiion, observation, sad orlantatlon, Wt oroe
diced no curvent distortion. The firsi serlies of tesis
was desizned to ecopare the anodle and cathodls rainlira-
tory reschions of rainbow trout having an avsreage Jangth
of 3,56 tnches. The four fish, in sach of the thres groups
shoclked, wore subjscied te zhosk during both anodle and
sathodls oriendztion, but In asach group the flrsl and
third spsolmens fsssed the snode Iirst and the sacond and
Paurtn fased the catzode first, Proa the agseabled data,
{7avle &) 1t 18 apparent sbat the flsh subjectad to 2

=] -

water voliase zradlisnt of 1.0 wolis per lneh {Oroup I
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axhibised a noticesble raduction of respiratory rato, bus
that reductlon and recovery appear 5o be simller Jor both
ariodiloe and caethodle orlentstion. In Group 17, sublecied
t3 2.0 volis per inch, the reapirasion, during ancdic
orientation, was slower then that lor Group I, bul csased
somoletely during cathodle orisntation. | 4galin rscovary
gapoared to ke almilar in hoth cazes, In & vollsge gra-
dlant of 3.0 volia per inen {Group 1771} ana&ia_o?iant&zign
appeared to furither slighily reduce reaplrallon, bul

33111 peraltted a normal recovery. Cathodis orientation

stooped respiratlion complately snd there was 1o recovsry

3
45
o
4
céa
W

20 that an anodls test was lazpozslibhle for those spnesloons
initlally orientsd o tis cathode.

In the sscond geries of tests the five flisgh in
zach proup wers aubjlected o only one iype of orlantatlion,
and 211 weore shocxsd in a voliage

sar inch {Table 7). 4galin the data show a reduction of

]

- - 2 i ; E ; vy
sapiratory »ete lor snodic orienitatlion, and; as In Jroud

v

TI of the first seriaas, cessatlion of respiratlon for
cathodle orisntation. In thisz ssrles, water tamperature
anpsars bo introduce an addlilonsl Ainfluencing factor [or

1t will ko assen that, Tor cathodlie srisntstlon, normsl

recovery accurred &b 49° P. whlls no recovery occurrsd al

A [inal saries of laboratory tests was Jdesizned

to show mis effects of orileniatisn on clirculatery julze



JRTndoraT #

02 8T 97F LT WT LT ST 2T 9T 9°T 0% 0°0 0°0 0°0 0°0 0% €T 9°2 L°Z g°2 potted Liasooad
: . . ’ SPUCIBS (ON Jeq Ty

T°2 6°T 9°T ST €°T 1%t g°T €°T i°T €°%1 0°0 0°0 0°0 0°C 0°0 O0°T €'T 1%z L*T o°2 poted Aroacoes
SpuodsE T A81JY

0°0C 0% 0% 0°0 0%0 #*33T I°T g*%0 L% $°0 0% 0°0 0% 0°0 0% 6°0 0°T W°I 0°Tt o' ¥oous Jo spuooces
. . - . . 001 ©3 06 Furang
2°2 6°T 6°T L'T E°T  2°2 I°T §'T €*2 9T  6°2 €% 0°€ 6°2 0 5'2 §°2 0°C gz g2 Aooys o} Jo0Tag

puoteg Jed suotqwapdeoy
S*€ TN 2 9°€ 2'm 62

9'€ 2 S°€ &€ . g€ M€

TE 26 6°C L't Tf 0° £t goduT uy
YSEJ Jo yyBuey Tejol
ma.umqunemaanoa<waomq Joqumu 388]
spoue) Auyoeg yaty spouy Futowg uAT4 spowe) Butowy ueyy spouy Bugowy usty
*d 4N trdumr dogap *A &N teduel Jeqwn X Tl r1edusy Jeqwp *d 1L 1tdusl xoqwm
AT dnoap . IIT dvoxp II dnoxp © T dnoxp

“YHIVM 40 HONI UYENTT ¥9d SUIOA 0°€ A0 INAIOVED
V HLIM (TII& OTHIONTX OQ NI ¥OOHS OL QRINErans (IIMUNGUIVD OWIVS)
LI0HL MOSNIVH 0Z HOJ NOLLVINATHO OICOHIYD HO OTUONY Ol FATLVIN SHIVE XNOLVMIISHG==°L e1qu],



=y

25

410

ratas, Tn thls ssriss the apparatus was ihs saze, with
ths sxception of two sata ol plaatic tongs whiash werse

usesd o hold the fish in ths flsld and spread the peri-
sapdial cavity lor adeguabs dlaplay ol hears actlion, The
sisigastion was as desoribed slszewhers., Three brown iroul,
3,5, 7.5, and 7.9 lashes In lsngth, and two western white
suckers, 11.5 and 3.3 inches in length, wore all subjscled
to 8 waber voltags gzradisnt of 3.0 velts por inch. In

all spoolmens the pulss rates obssrved durlng ancdle
orisntatlon waps approximateoly twlse as fast as those
recordad during cathodis orisntatlion (Tadble 3). #hen

the surwent was applied during snodls orisntation thers
was in every case a sllight reduction of pulse rate fram
that ebaarV@a srior to shocking. Howover, as the Tesis
ware deslimed only for s comparison ol anodlic and ¢ athodic
ariantation and &3 the hsart sciion prior fo shosk sould
not e tsraed normal, the osulss rates for ihis parlod

are oxltied from the dada,

Thara 13 an addltlsnal fastor, possibly a lethal
sne, roalative to dirsct current sppllcation whiah warranis
mentlon st this time., Aserinsicy (1954) hes shown that
the osmoreculatory capsclty of young salmon L2 severely
daorsazsed when these anlmals are sathodieally orisnted In

~

a diract current fleld. In a voliage ﬁrai*ai ol aporoxe
- R

fastaly 2 1/2 volts per ineh, the aurrival Slues ol “ish,

speavisualy immerssd in XaCl solutions, were siznificantly
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=3 Tanle S.-~IDART PULSHE RATEIS RILATIVE TC ANODIC AGL SATHODIC
SRILGPATION FOR VIVISECTLD BROWA TROUT, SALMO TIUTTA,
AND WESTHRN FHITE SUCKORS, CATOSTOMUD COMENSONIIL,
SURJELTED U0 SHEOCE IN A DINECT CURPENT FIELD WITH A

GRADIZHT oF 3.0 VOLYS PRR LIMZAR INCE OF FATEH.

Brawn Troul Eoabern
thite ZSuclers

Tast Huwsbar A A & i B
water Temperabture (°F.) 73 71 71 72 72
Total lsngth of f£ish in inches 8,5 7.5 7.9 11.5 9.8

Pulses per sacond after 2 minutes
of anocit faclng ancde 1.3 1.7 1.3 1.9 1.9

w1lsas per sscond aftey 2 naloules

af anhoal fasing sathode 0.5 2.5 0.7 0.5 0.5

p530
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radasad whon the snisnlas fazesd the nsgative slootrode,
Assrinsiy has suggeatsd that thla roductlion aay ragult
froa the nolarizing affects of direct currsats whleh may
alter tho surisse shargs of the 211l snd shange the gill
sapfuse parmeabilléy., An lasraase In the 2111 permese
Bilisy Arpsars to allow the psnatration of unusual, sven
lethal, consontrations of jda loas labto the dlood straaa.
A8 rmish of oolopadots waber is koown to contaln oconsliere
akla amounts of ¥a lon {flarke, 1924) Lt woald seen very
arabable that, In thegs waters, sush a gllil parmeablllity

chanse aighat very woll have lathml sflechs.

2
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Chapler ¥
DIACUSBION

meluded 1n this paper ars data designed Lo
azaist in tnergasing the valus of elaciroefisiing througn
a greater undersianding of, what appesar Lo Lo, iaportant
mechanlsal, pnysical, and paysiologleal relatlonships.
Gonaral observatlonz of the respeciive elfscilvew

ness of alterneting and dirsct currents nave Ilndicaled

sondisiang, From an ovoarall standpoalint, howsver, ithers
agpears Lo b6 comparabls sampling afflslency for agulvelisnt
voltazad. Pulssd direst surrend, Raving bobth ths atlimi~
lating guality of aliernating ecurvent and the galvanotastis
arffsat of dimesct survent {Haskell and adelaan, 1353)
svantually srove to be of evan graaber uselulness, dut 1is
&pplications to flald work have, a3 y2%, bean insufficient

17 axplored, For & valld somparison of any current it i3
{iaportant that the relationships of vollages, current
canacisies, end current ¢yoles bs consldered. -

Rearly any type of an slectrode will introduce
aurrent into ths wster, but the alzs and shapes plays an
important part in sthe alfsctlvenssz of thae alastrical
21214 prodused, Graatsr owvarall sffactivaness 15 acalaved
throazh uss of aloctrodas of zrealer gizs and surfase ares

e

tiosng and volBaga gradlsnts

i
+
P
o
)
[+
0
o
&
o
[
¥y
e

gnlch reducs ouaprrar
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at ths alscbtrodes and, at the ssme tioe, incrsass lhen
aldway betwesn thess elsctrodes by the grsaler ovarall
wilforad by of the fiold, thersby improving the shocking
powar &t Ihls polat.e 2tlll Duriher loprove: sont is noazible

%

ch & way

ry

by placing tho eleciredes in the streaa In suc
that ths alsaairical current Ilow parallsls, &3 nearly as
soaslvle, the strsam current flow, With such an orienta-
tion, the long ax&é of zhe greaatest number of {ish will
be zlluated so that the Tish are subjlect %o the hlgheat
posaible tobal woltage. Te have consirucied slacirodes
snd slastrode systems whlsh sasisfaciorlly mest thess re-
guirescnis wita 1ittle addiiiosnal lnconvenlanze o opsra-
tinz sersonnsl.

whils 1t 13 posalbls thst in fhe waters of gous
ngrbs of e scuntry the rangs ol slacirleal roslstliviiy

EX] -

13 not sarllelsntly greab to crsate gn slasctrolishing

*

arohlen, in Coloradotls zaters Lhe range lncludss siiromes
that are wsry Siffisult o zhosk. The apland walers of
the mountains are 8o low in dissolved solils thatbt slecge

.

trical rezlativisy i3 very high end compsratively high
voliages ars nessgsary for a pracilosl sbhocklng volltage
gradlent. In the lowland, pralrie, wsters the sallnlty
is pften sxtremely hsavy and ths resultant eleciriecal
conductivisy so great that prezent sguipment reaches 1ts

gaperaze cepaslity at too low a voltage lor slocking. 8

£8lt that a salinlty test, 17 indicstlve of raslatlivliiy,
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gould be an sid to & mors accurate reporting of slectro-
fishing suc-ess. Lack of aucsceas malght then be attributsd
to momething other than lack of {lsh in ths straam. A
somparison of methyl orangs alkalinity and apacilic ro-
aistance readlngs showsd & falr degres aof negatlve corrsla-
tton bub lacked the desired delinitlion In saline waters.
Subsequent comparisons ol 3pecifllc resistance and Verasne
total hardneszs readings showed a sharply definsd and rela-
tively constant inverss relatlonshlp througacut the ranze
of watsrs tested., Therse Lz a conaslderable wvarlatlen of
rasistivity relativs to water tamparsturs, and this is not
raflacted by elther nardness tesbt. It sopears, howavar,
that wetars having &QQ?QKiﬂ&S@l? the sawe Yersene nardnsis
vary nrobably will heve sinmilar gpeszlfic resistances atb
sgulvalont Semperaturss. If thls is true, then, wltn the
ald of & znown assries of bardnsas and relative raslstanca
valuss, useabls sstlzations ol unknown specific raslalances
ssry be made and related %o the capacitliss of parilicular
shocking units under standardized sonditisns. t mast be
roalized, howsver, that the relationanhlp betwssn spesifls
rosigtanases and 2lsctrodes will differ with aach slectrode
s7atsm sscording to its condueting suriace arsa.

Preasent comparative evaluations of thes overall
shocking efflcianciss of alternasing and dirsct currenis
rail to show & consistent diffarenes favoring elther {ype.

jensral obaspvatiosngs ssen o ladlcate that dirsct aurrend
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nag greater offsctivensas In deep, inacecessidble, waler
while alternating current Ls slightly more useflul In water
o sonslderable velosliy. During mumerous slscirslisihing
oporations in whileh both Types of current have boan trisd
iv gimiler stream secblons, we have notlced an apparent
aguallzation of efficlsncy resulting Irom respsctive
shoglkting affects, The "lsading” quallty of dirsct currant
makos it possible So exiract flsh from cover and turbld
nolss., At the same tlme those fish which may be In high
veloelty water, while, still sble to ssla, can not do go
suffislently well to withatand the watsr curreni and,
carrisd from the slestrical flsld, very gulokly rscover.
T oan aliernablng currsst flsld the fish are lauobillzed
and, In thls gcondition, oftes drop to toe nottons of nolss
a7 becoss ladgsd wherse fhey can net be resdlly seen or
mettad. 00 Ske obher bend, & flah's recovery I{rsa lasobe
tlization is usually nobt instantansous, and 1T 1s siten
nosaihle to plek up indlvidusls that have bean renoved
fram the slesesrisel flald For many ssconds. 3ueh ls Ire=-
quently %the cass in swilt waters, PFurthermors, possibly
hecauss of tha tetanic effssts of oycllia current or the
grsator voliage rapsreasnbted by oycls paaks, an altsrnating
gurrent 83p9srs 50 be hetter able to stop flash in the
woakest part of its Ti214,

admitting the possibnllisy of a grealtsr shookling

Ia]
-t

o

1a still necessary

Gi
}—-m
[94

afficloncy for alilarnaling cur:s R
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ta considar ths ralation of respestlve physiocloglcal
alfoats to the overall slestrollisning pleturs. Thers is
sviderca to indicate 3hat mltesrneting current, dus to 1ts
ayelles nature, L3 responsible for a grasier wmortallty than
13 dirsct aurrent. The oyclls component produces nerve
atimll responsible for lmpalrment of clraoulation and
roapiration. Resultant asulflocation eéppsars to bs an
aspeolelly common cause of death in [lsh undsr twelve
tnches and may be related to thelr luration of retention
in the slestrisal fl=2ld, Larger [lsh, whils subject to
trese elfacts, ars alsc often szpossd to nlzher voltage
gradients capabls ol producing violeni musola coantractlons
azd subssqusnt vertebral dsmags, It has been peintad sul

that the probable incldence of vertebral lajury 1z nol

‘mown but may be aweh hlzhar then gonsrally suppossd.
sutopsiss of mumerous speclzens, baving chavaciearisiic
external merkings, have shown veriebrsl Injury or asrious
sortlic puptwre to be present in avery csse. Furthermors,
1t has been our aexperisnce thai, while the imown nushers
of inlured £ish may be gults high, the tolal muaber of
fizh with external, shocker, markings iz often far higher.
Teapa{ore 1t seems probabls that delayed =morialliy =msy,
in meny cases, greatly increass the loss of shocked flsh
avovs thai presently resognlzed,

Diracet curresnt, pariticulsrly st the cathods, can

certalnly be lathel to llah, bat the Ireguency of injury
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and mortality appsars to be much lowsr. In a dirsct
currans flsld the fish are nareotized, and, 1f subjected
to this alfast for too long a tlise, may sullocats, For
tha nost pari, however, reaspiratory and clroulatory systeoms
appaar to continue to funstlon in anodleslly oriented fish
and, as thers 13 po tetanization, body musculature remains
Placceid and vertebral injuries infraguent. On the basls
of the comparaslvs physiologleal effects ol direct and
gltornating current 1% ssems probabls that ths lattar's
asdvantage in elfficlsney is often coverbdalanced by its
Zreater lothality, whlch may agsume oxtrsaely lamportsant
srosortions in populations of large flal.

Surzestions for further study. =-- Beyond any

doublt elestrolishing 1s a valuabls addition to the investli-
zational tsechniquas of the sport {ishery. ¥Tiina it fish
may be studled in previously inmcossslble arsas, Wb it i3
s now tool and, like any new tool, not completely functlon-
2) unsil Mlly undersiood. Thls study 1s pri=msrily & ro-
yisw of some ol the ilmperiant relationships which mey be
involved in any elesctrofishing operation. Fleld expsri-
anes has amphasized the neesd Jor a batler undsratanding

# whose palaslonshins, and & subssgusnt review of liter-
ature has polated o the c¢omparsitlvely unused Informabtlon
sourss arovidad by the Tlalds of ohyalcs and phyzlislogy.

It i3 nhopsd that our endesvor Lo ﬁliéitfﬁaﬁﬁ al thls

sotarial and sbtiespt itz practlcsl aoplicsstlon to the
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oroblen may ssrve to show the need lor & much more detallad
study of all sloctrollishing aspects.

Prom our obsarvadions 1t aopears thast there 1ls a
nood for a much more sxasost understanding of the rele of the
alectricnl resistance of water relative to tsmporaturs and
soncentrations of dissolved solids. Possibly the propossd
usae of the Yarsane test mey provids an ald in obtalning
soma of these data, but ths universal validisy of this use
remalins Lo be specifically deterained., In the light of our
pressnt knowledge 1% scems obvious that siandard sloobro=
fisning squipment is distinotly limited ln the range of
water raslstiviiiss fo which 1t msy bHe successifully appllsd

aints to &n entiroly new line of sndaavor to

*3
S’
e
@
bty
]
o
oF
%

inalndas ths developzent ol apparstus adjusiable to speclifie
spersticnal needs, with particular sanhaslis on tneraaged

lagtrioalily sonductlve walers.

P

aiffactivenssa In highly
#rior to sush development & furthsr atudy of the practica-
pility of eonloraling operatlons to it seascnal zonditiosns
may prove Lo be of valuo.

In commercial fishing or trash fish removal,
the damszing offects of electric surrent on Iish maey neotb
be of prizary laportance, but 1n aport Cflshery work, they
are parasouns, &s Zead or siegi filsh are of 1ittle uss o
the [ishorman. Prior te any exiensive davelopment ol
direat current equipment for salins waters 1t would be

dssiranle to dstormine to what Jlezres polarizing surrents
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may produce mortallty in such waters, due posalbly to gill
surfase desolsrization as sugmested by Aserinsky (1954).
07 u more academlc nature bub 2till necessary Lo a completn

anderstanding of galvanie surrent sppllcatlions, 1a the need

oy

somon dotormineticn of the spacilic cause or causes of
galvanonarsosls.
The physlologlcel relationships producing eycllc

gurrant injury and mertallty are understandabls, but a
better knowledge of the stresa situations In whilsh they
cceur might improve the chances of praventlon. %ith the
recognition that ssme seriously injured {ish mey part tially
magove= and sontinus to llve in 8 2rlpolsd seondition, 1t
wozld nme very desireble to ascertaln the oflact of suoh

spionling on the flah's reproducilve zapscliy. #Above all
oathor epnslderatlons, however, 1s tha nesed {for & mors
axach determlnatlion of ths toital Incidence aof injury and

acrzelliy.
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Y. A comperison of the slsctroiishing ollle
clonsiss was mads of 230-volt alternailing aad dirsst
surrant zenarstors. Jeneral and apzacific ellecis were
astoad for two types of waters,

2., Tne gensral effislency ol sach curreni was
saleoulated to be approximataly the same for a glven water
t7o8, bub the alflclency of both was gonsiderably higher
ftn s strsan saqbians than in ths ponld sscilons. Zach
suprant was obssrvad to be aspyoelally asdasted to pariloue
iar soroen conditiona.

3. Pwo tyoes »f bagkepack stocking units wore
slasd and avalzaiod, and he orinelsal regquiressnbs Jor
arastioabillsy pelative to w2lghd, voltags, onl aspera
wars aoind.

4« A palr of almairodes lor 3Traas uss wad
developed on ths basis of ellective alactrical flald ro-
gqulrenments and general utlility. Teats and genoral iald
use provad thess Lo be gablslastory fov hota alternating
and dirast surrent appllcaticna,.

5. Opsratlons using two poslifve probe sloew
tmodag and an intermedliate n@gative,‘gré?ad vory suscess-

fal in sxtending the anen of the alsstrleal flald end lze

% £

oravlng 1%s orlentasion for aocrse allsciive saocking.
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b, Flzid operationsg wors facilitated by the
dovelopment and utilizasion of some zoceasory equipment.
Phis Incliuded & set of long-handled slsatrodss lor deep
water uss, & 500-feat capacity cable reel wlth a sllding
sloctrlical sontact, snd the uss of & two-man rubber 1lle
raft for generator transport in desp walsr,

7. 3Standspd slectrpical tsaiing sepparatus for
£151d work lneludesd & battery-opsrated volt-ohmmeter, whleh
sraved useiul for checsking voltage ocutputs ané'ganerai
trouble shooting, and a vacuum=tube voltmster, which was
uzsd, with a probe, to msasure voltags gradlents ln both
dlraat and alternating ocurrent flslds,

3, A wide veriablon In ths speciflc resisiances
of Colorado walsrs was re;mri&d and laverssly corraelated
o tihg sonasatrations of Alssclved sellids orozsnt.  Total
alkalinity and total hardnoss tesbts wors somperad as
sossidle slapls indlcadors of specliiz reslsiance, znd the
latter apoearsd to zhiow a reascasbly ccsslatent ra2latlion~-

ulp Lo spacille reslstancs readings. 4 praoctical a2 tnod
of chseking or estimsting slecirolishing effsctivensas
appaars to be provided by e coamparlissca of total hardnoss
and watar tenporaturs readings o unown ganaalilic~rasgis=-
tance, sgulpment-capacity, rslationahips,

3, Soms possibilitlses were noted for ofllsatilng

e adverss alsaebrlioal condlitions of excessive gondustl-

w1ty or reslatlvity.



124

1%3. A comparison of ﬁ 1sthallty of 220 and
140_vald alternating suvrents and 220-vold diract surrent

was mads and deacnstrated a higher morballty for altarna-

A

ﬁ‘?’

piag currenta. Altarnmating current producad Ireguent veri-
abral inlury in large Tish and sulfocatlion in amaller ones
{andor twelvs Imches) both elfacta apparontly resulting
from e7elle surrsnt stlaulatlion. Savaral lnstsnses of
nartial recovery Irom verisbral injury were rosorded, and
1t was shoserved that the suffosating alflact snpaared to
vary acsording bto specles tolaratlion of enoxamia.

11, Fiald and laboratory studles were mude on
sha affeats of various alasclirical situatisong on pulss and

slration. In ths [lsld astudles, gliaprnating surrent

va3 Tound to sroduce a markedly grester impalrmesnt of thoss
Fimationg than Alpsat curresd, Leborabory somparison of

the affaatz of asodlz and cadthodls orlentallon In a divect
aummant Tlall znowsd a zrsater raductlion of both pulse
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