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ABSTRACT 

POPULATIONS, ECOLOOY, AND MANAGEMENT OF MARGINAL 

'!'ROUT STREAMS IN SOUTHERN MICHIGAN 

by Virgil S. Pratt 

The trout-stocking programs for four southern Michigan streams and 

the influences of certain environmental features on the capacity of 

these waters to support and produce trout are evaluated. The importance 

of these southern trout streams in the total recreational facilities of 

the State lies in their proximity to highly concentrated centers of 

population. 

Equipment and methods of censusing stream fishes are developed 

and evaluated. Electrical shocking was found to be of greatest utility. 

Configurations of electrical fields in water produced by two A. c. 

generators and hand-held electrodes of various shapes and sizes are 

measured, and lines of equipotential are plotted with apparatus consisting 

of voltmeter, ammeter, 10 equal resistors in series, radio earphones, 

and wire probe. D. c. fields cannot be measured with this equipment 

but are similar under like conditions. Effective fields are plotted by 

measuring distances from electrodes to points at which test fish become 

paralyzed. The following characteristics are based on 500-watt., 110-

volt A. c. power supply of 60 cycles. 

Two wire-wound elliptical electrodes, 12 inches high by 26 inches 

long, produce a field with comparatively uniform voltage gradient and 

are effective in paralyzing fish (3.6 inches, average length) at an 
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average distance of 36 inches from the electrodes. Addition of a third 
- •-- - - -- . -

electrode in line with the othel'S increases the size of the effective 
. . 

field but decreases the average paralysis-distance to 32 inches with 

fish averaging 6.7 inches in length. 

Two cylindrical brass-screen electrodes, 5 inches in diameter and 

18 inches in height, produce a small horizontal field characterized by 

an abrupt voltage drop near the electrodes. Fish averaging 5 .4 inches 

in length are paralyzed 35 inches from the electrodes. Wire-wound 

rectangular electrodes., 8 inches- wide and 32 inches high, al.so create 

a small horizontal field and a ver:y quick drop in potential. with distance 

from e1ectrodes. Rectangular electrodes of brass screen, 10 inches high 

by 22 inches long., and wire-wound electrodes, 10 inches high by 18 

inches long, under like conditions, produ~e fields almost identical to 

that of the 12-inch by 26-inch elliptical electrodes. 

The largest effective field is produced by electrodes long in the 

horizontal dimension yet not so large in area that the power unit is 

overloaded. A 60-cycle, ll.0-volt generator of 500-watt capacity is 

satisfactory for stunning fish with two electrodes in waters of moderate 

resistivity (~000 to 3500 ohms per cc.), moderate depth (up to 3 feet), 

and modente width ( up to 20 feet) • In deeper waters of low resisti v:it y, 

or with three electrodes for greater stream coverage, a generator of 

larger capacity is required. 

Because a D. c. shocker attracts fish to the positive electrode, 

it is favored over the A. c. unit. However., its superiority in collect­

ing fishes is unquestionable only in swift and/or muddy waters. The 

D. C. shocker used consists of a 230-volt, 2500-watt, direct-current 

generator and three electrodes. The negative electrode is a 14-inch by 
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8-toot copper sheet attached to the bottom of the shocker boat. The 

two hand-held positive electrodes are 9-inch by 12-inch, wire-wound 

rackets ot copper tubing mounted on long wooden handles. 

In comparatively still, clear water of Spring Brook, recovery with 

A.. C. was 3; .1 percent of the marked fish present, whereas that with 

D. c. was 41.2 percent. A. c. recovery in a swifter section of Spring 

Brook was only 28.8 percent, yet 44.8 percent were recaptured with 

direct current. In Wilder Creek, where extremely muddy water made the 

use of alternating current impracticable, 16.4 percent of the marked 

fish were recovered iii th the D. C. unit. Larger fish are more easily 

captured than fish of smaller sizes (less than three inches in l.ength) 

with both shockers in all situations. Repeated experimental electro­

narcosis of legal-sized trout with A. c. caused ll.2 percent fish 

mortality whereas lliortality from D. C. was only 2.0 percent. 

In blocked-off stream sections, fish are marked by fin-clipping, 

recaptured., and popuJ.ations are estimated by the Petersen method. The 

reliability of estimates increases as the proportion of marked fish 

recovered to total fish recovered increases. 

Qual.i ty of pools, extent of shade and cover, mean summer water 

temperatures, extent of floods and siltation., quantity- of bottom food 

organisms, and other selected ecological factors are related to kinds 

and abundance of fish. All factors show considerable variation among 

the streams studied. The variability in numbers and volume of bottom 

organis~, even in samples taken entirely within one bottom type in 

each stream., is so great that reliable estimates of food production 

cannot be made. Analyses of stC111a.ch contents of pred('lfflj nant species 

indicate that trout consume grea'ber numbers and kinds of bottom organisms 

than do other species. 
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'!here is considerable seasonal variation in the size of standing 

crops, both or trout and of other fish species. General.ly, populations 

are smallest (in numbers of fish per acre) in early spring but increase 

in size during the summ.er as a result of recruitment by naturally' 

reproduced young of all species and by hatchery-planted trout. Those 

waters which support large numbers and weights or non-trout species 

carry few trout. Average standing fish crops range from 96.2 pounds 

per acre in Wilder Creek to 302.7 pounds per acre in the North Branch 

of the Saline River. The average percentage of trout, by number, in 

these estimates ranges from 3.4 in the North Branch to 72.0 percent in 

Spring Brook. Size of the trout population appears to be limited in 

Paint Creek by shifting of bottom materials and scarcity of spawning 

areas; in the North Branch of the Saline River by fioods, siltation and 

shifting of the bottom and by competition for .food and space; in Wilder 

Creek by fishing pressure and dredge-caused turbidity; and in Spring 

Brook by fishing pressure. 

Survival of legal-sized hatchery-reared trout is low in all waters., 

yet they do contribute substantially to the early-season catch. Brook 

and rainbow trouts disappear within four to five weeks following plant­

ing. Brown trout survive for longer periods, particularly in Pa.pit 

Creek and Spring Brook. over-winter survival rates of advanced finger­

lings is also low, although there is variation with streams and with 

species. The greatest mortality was suffered by brook trout, many ot 

which were ot legal size at the opening of the 1950 trout·season. 

Fishing pressure is heavy on all streams during the first.few 

weeks of the season, bu.t it declines rapidly on PaintCreek and the 

North Branch. Fishing success, based on random creel checks, is lows 
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Paint Creek, 0.54; North Branch ot the Saline River, 0.11; Wilder 

Creek, 0.31; and Spring Brook, 0.,44 trout per hour. 

Observations tail to reveal evidence of rainbow trout spawnirlg 

in azry of the streams. Brook trout spawn to a limited extent in Spring 

Brook. Brown trout reproduce in all of the streams, although in large 

rrumbers 01'lJ.y- in Spring Brook and Wilder Creek. A small percentage ot 

hatchery-reared brawn trout spam the same year they are stocked in 

these streams. Partial. excavation of five redds indicates an average 

egg survival of 78.l percent one month after spawning. Success of 

natural reproduction., measured by the percentage of wild trrut in the 

total tront population, ranges from. o.o in the North Branch to 72.l 

percent in Spring Brook. 

Two general conclusions on the management of trout streams are 

drawn from the stuct.r: (l) The success of the stocking program in 

certain southern Michigan streams approaches that·of lJlOre northern 

waters of the State. (2) Future stocking of these streams just prior 

to the opening of the fishing season, and again during the season if 

fishing pressure contiJDJ.es, is justifiable. 
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.. by Vir&il 8 • Pftt't 

~ •out-a'boeldng pro~ tot' tel#•~ Kieh~gan atl'..,. and 

~ tati..ee ~t ~ tm.'ri.tOlWlit.al r...tur.s on the -.p11o1ty ot then 

•t.r•. io euppon l'Ulll. procluoe ti-out U"e ..... t-.te4. The impol'tanoe ot 

thee• aolitbift tt"Oµt etNa:N in the total reona:ttoml taotli'tiff of the 

Stat• i.let . u. their p.-G!•i~y to highly o-.centratad cen.ters of population. 

Equipw,n'b o4 mothod1 ot •ne•ing IJ'1iream t:tshee are drteloped a?lli 

.. 1-.te«. Eleotri•l shoold.Zlg .. foum -to be ot p-eates'b utiU.ty. 

Conticurat.ic>u ot •luwioal Hele in watv phdU•4 bJ' two A. c. wm,er• 

ato.-a tU'4 btut4•bel4 •l•owoua Qt 'Vllr'ieue lbapee IUli auu ~ measured. 

ad U.nea ot eq,uipot.ntial _.. plotted wJ;bh &ppu'&tllll oonai.trbiJ!g Qf volt.. 

atv 41 amet-er-, lO eqal ro•tatore ill aeri••• ra41o ~•• and wiN 

pi-obit• D. O. tielu ~1; be meaSii.-ed wt:th thil eqt.d.:paat 'bu'b are aim­

ilal-~ 1U. oondit1ou. ltteot1"9 tlelue ~ plo'btttd by •a•urin.g 

di.at.an•• !Yam eleo1;.c-oc1ea t-o pomta at Whieh teat fiah become paraly&ed. 

fbe· tollmdng obaraoteriat1oa an ba.ff4 on 500.-att_. 110-Tolt A. c. pOMtl" 

•~ply of 60 cyel••• 

ho w!r•-wo•d ell1pti•oal •l•otrodea • 12 lncbe1 high by 26 tnohea 



long, pl"ctdUH a fi.el4 with Com.paJlatively uni.form voltage gradient and are 

etfeotiv• in paralyzing tie.h (3.6 incru,a, e.wrage length) at an a'\18rage 

distano• ot 36 imhe• from the electrodes. Addition of a third electrode 

in 11- With the other increasee the a:ue ot the effective field but de­

cree.a•• the awrage paralyaie.distance to ;2 illCbes With :fish averaging 

6.7 .blohtte in length. 

~ c;ylindrioa.l. bJfaaa-affeo. ei.ovoa.,. 5 iltohea in diameter and 18 

inohea in height. ptoduoe a --11 :tmruonte.l t~l4 chaaurbarised 'by an 

abrupt voltage dt"op near the eleotro&11. Fish averaging 5.4 ineb&s in 

, JAngth are paralyzed 3S im-bea from. the eleo~•• wire-wound rectangular 

·electrodee, a inohee wide and 32 inohee high. e.lso create e. mnall horieontal 

tield e.nd a wry quick drop in potential with distance from eleetl-odes. 

lleotangular e1eovodes of brass acreen, 10 iDCJhea high by 22 incbes long• 

and Win-wound eleotrodes. 10 inehes high by 16 inches long, under like 

eonditiom. pl"odw,e fielde almost identical to tbt.t of' the 12-inch by 26-

tnch elliptical eleotrod••• 

fhe largest effective field. is produced by electrode• long in the 

honi<>nta.l dimenaion ~t not so large in &rft that thliJ pGPr unit ia over-

1<>a4ed,. A 6Q..oyole. UO-volt gtmel"a~r of 5oo--watt capacity is satisfaotocy 

to,:, st,~xming tlah nth tw-o eleotrodee in waters ot moderate resistivity 

(1000 to ;500 obme per eo.). moderate depth (Up to; feet),, and modfl'ate 

w.tatb (up to 20 teeth In deeper wate:rs ot low 1'esiet:1vtty. or with three 

eleotrocles tor greater stream ooverage, a genvrator or larger capacity is 

r•qutrecl. 

Because a D. o. snooker avtr-aots fish to the positive electrode• i'b 

is :t'aTOre4 over th• A. c. unit. llomtver, 1ta superiority in_oolleeting 

ti.ah.ea ia unquestionable only in sw:tft u.d/or muddy waters. The D. c. 

ahooker used eonsiats of a 230-volt, 2500-watt, di:rect-ourrent gene:L""atOI" 



&\14 three oleotrodea. 5!1- negative el•ctrode ia a 14-hoh by 8-foot 

oopper slwet attached to th• bottom rd the ehocbr 'boat. The two bud• 

held. positive •l•ctrodea are 9-inch by l2•illeh, wS.N-wo•i raeketa of 

copper tubing mouated. • long weoctn he.dln. 

h: o•,aratively nUl• oiear water ·bf Sp?"mg Brook. reoC1'1fWY with 

A. c. was 35.1 percent of the marlmd fish p-e-seat, wber-. tbat with 

D. c. _. 41.2 peroen'b. A. a. reoovery ill a swifter seotia ot Sprbg 

Brook was oaly 28.S·pe~oat. yet ·44.s ~cot wen reoapt1.1red with 

direot ourNat. Ia Wilder ON•Jc. where extremely muddy water made the 

wao ot alt.rut.big curreat mph.otioa'ble, 16.4 pereut of the :marke4 fish 

wr• reeo,rereci with the ». c. ulli:t. .Iarger fish ar• more easily •ptU'Fe4 

'bba fish of -.ll•r •1"• (l••· tbaa thr• !aches. ill loguh} with both 

ahocbn ua all' •d:tua'biou. · Repeated. uperimeatal •leotroae.J'e&Sia of 

1eg&l•abe4 "C;rou-b with·A• c. q;uae4 U.2 P"?'oel\t fiah mortality whereas 

~ity trom »• C. ns Pl)" 2.0 peroeat. 

Ill ·bloclmd-ott trta-eam seetiou • t"ieh are me.rad by fin-olippag. 

recaptured• and pop~atias are estimated by the Peterae method. ftJ8 

r•liability or •.timatea i».orea.aoe u the proportion ot marked £1ah 

reoo--.ered to total fiah reo1"'9i"•d illoreaaee. 

Quality of pool•, enent of abade au co•r, raeaa ■'Umlll(tr water tem­

perat.,••• extent ot flood• ad. ailtati•• qud'tiity of 1>~ toed orgaa .. 

1••• a.nd crbher aeleoted eoologioal factors are related to ld.ada ud 

abua.da.noe of fish. All faotora show ooaaiderable variatio among the 

stre&m1 studi-4.• The vat"ia'bility ill numbers and vol•• of bo-Cbom orgaa .. 

iltJD.8, •-- iB -.mples· talata e.11'bb-ely withia CJ1$ bett. type in each stream. 

1• so g:Na.t that reliable estimates of food. pToduc'biG cauot be made. 

AMly••• ot ai!Gma.oh ea.tent. ot predom1•n~ spaciea b\dioate that trtmt 

iii 



qaa1D9 greater n.umbera ucl ld.n4• of bottom Gr't,ani-.. than do other 

apecd.••• 

1.'heN 1• oeuidere.ble eeuonal -n.riatioa ill the tu• of atanding 

oropa, both ot trout and of other t'iab apeo1e•• O.nerally. population 

· ar. .... u.at (in. ••be.rs ot fiah pa a.er•) in early- sprug but increase 

u •1•• dwi:ag the a:umm.el' u a r••ult of noruitJnat by naturally Npzto­

clUt.'t•d youa.g ot all •peed.ea ud by ha.1iohet'f•plaated trout. those wtera 

which euppol"'k large auebe .. • a.ad weights o-f •--trout apeoi•• carry few 

troub. A-verage ataading fi•h oropa n.nge from 96.2 pouad• per acre 1a 

Wilder ei,ceek to "502.7 peada pe:- acre bl the lot-th Branoh d the Saliu 

!Unr. The awra.ge pei-ontage of trout. by mllltber. ia th•a• ••timatea 

roge11 fra :;.4 :bl the North Branch to 72.0 pt,:reat ill Sprblg Brook. 

$1.se ot the trout pepulatiaa appears to b& lim.ted bl Paillt Cl"eek by 

ahittilt.g of bottom :me.wrials and scarcity- of apawailag are:aaa in the Worth 

Braaoh at the Sali.U IU.ver bf floods, •~ltaticm ud shifting of tb.s 

'bot'btn am! by OGDJ.p&titia tor food and apaoeJ in. Wilder Creek by fishing 

pl"e111aure and clre4ge-caued 'burbidiVJ ud h Spriag Brook by fishing 

preasurct. 

Survi'VB.1 .of legal-suet hatch.ery-rnred trout is l• ht all wa.tera, 

y.t tbt7 do c<mtribui. s-ubatutiallJ to the early-aeasoa eateh. Brook 

altd railllbow tNuts di-.ppee.r 1dtb1». four to fiw weeks tollowin.g plant. 

int• BrO'D trout a_...1vo for loager periods• p.rticularly in Pau.t 

Oro•k a.nd Spring BN-ok. Over4inter aur'rl.:val rates of ad.Tuced tmgeJt­

linge ia al.$0 low. although there is variation with etruma and with 

•peoies. fa groat.st m.or-ta.11ty ,ms su:tfored by brook trout. lTl&JIY of 

which wen ot lepl aue a.t th# opening of the 1950 trout :soasa. 

Fiahbtg ~easure 1a heav oa all etreama during the tlrst few weeka 

iv 



.t i:M ••••• l>U'b it dlioUaea rapidly a .Pai:lt Creek ud the liOZ"'th 

Jnnoh. :Fis~ ...... ,., baud a ra.t.am ct"eel clweke. ia low, .Paiat 

C1"e•1'• 0,54J lwth Branch of tbs Sali:ae Riv.-. O:.111 W1ldff 0?"tt•k, 

0.,11 au Spring Brook. 0.1+4 troub pelt hcna-. 

Qbaenati .. fall t♦ l'"ffbl fl"idnee of t"tdllbOW trout apawaillg 11& 

._ay ot tba •.-hNw• Brook ti-out lpdll to a lhdt.d ~ :la Sprbg 

:8!'"3«. BrOWJt trout reprod-. hall ot t.'te stro.i,m, al-though :la large 

••be&'"• aly b S~i•g Brook Uld Wilar 0%"ffk.. A small pe,rnxtago ot 

hatoh.,.,~ bJ"ctWA trout •pa• the ._. '1ffl! tl-.r artt. nooke4 u then 

ffb~ama. Pu-t!al •oava.'ti• .t tiff r-ed.d.a lidicatu an aftrage egg 

ata'•i•l of 7a,.1 r,l'OO'llt one sa'th after spa'lif:llmg. Sueoeas of ne:twal 

~eprod~1a, meuure4 b7 tne peroeata~ 01! wild trout ill t:M total 

tJiioub popula'fl1a. nage:• f1iD o.o ill tbl 110:?"th Bruch 'bo 72.1 peroet 

i1l Sprhg Bi-eat. 

two .-rai oonoldi_,, a the --.g .. Jlt ot trout nream.s aN 

drallli from the ,:ri;uqt (1) the auoettas of the a'beoJdllg pr.gram .. ~.· eer-
- . ;.:: ~-·~. ' 

1:ailt •outhffa lichigaa. ._._. appl"oa.ehe• tha'b ot mar• •onMnl wa~r• 

•ti.I till Staw. (2) Fu1iure atooldng of these atremu j-.t pi"lw to the 

ep1tJIUI d tbft fi•hag --••• ud agaill d~ ~- naaoa if t111hiag 
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the •tter wUbta tt, .. apr••a .. hU .bldebtecbl.e•a and dhp 

f.ppreet&tie. to the iaatiiiuti.- ud the --.y 1ndiv1dual.s wh.G 

haw at._, u. the ooaduot ot -t;he 1Jrf•etigatio11 and in th.ft 

,repu-ation of tbia repOl"t. S~• thaan are extended to 

tM $pol"t FiahUg Iuti ... , fot,ael"lJ the Aaaoei&ted Fiah!Bg 

!Caokl• 1',iauf'aotUl"ers tor timaoial aidJ 'ho tbs Bo.n.oe a. 
Rackham School of Grad-.w StudiQ t- FOVidiag a Spt11oial 

a.-aeareh Fellnship duriJltg the tu-st )'9U' of tl18 i.affstip.• 

i4-1 uul to the Mtohigu 14st1tut:.e ttr Flehtri.oa Reearoh 

for tiw genen,. hll-.bip ·and. a.-t•rial asatstu.o• prffit-4. 

dur1-g the le.at tu years of the atua, • 

Spealal appreoiati• is du. nr. l!&.rl F. !.agle..r. School 

of latural Resourwa. u.i'nra.i:ty o~ lliebigu• undv llhoae 

direetiOll ·and. guidan.H the work .-.a d-.e, llrs. A. s. Hu•l"d 

and G. P. Cooper ot th6 at&f.t of the lutitute tor Fismtr1ee 

Reaeazioh• ter assistaae• in 'the ple11YJisg gd ••duct of 'the 

b'Jeatigationi· Dr• J. w •. Leonard, nw Reuaroh A.a,dni•trator, 

Michigan n.~t of' Couer'9ati•• am form.orly f)f tho 

•tatt ot tbe ktst1tute tor Fiaheri• Reaearoh,i fel' h1a a•sut. 

dot h i~n't~ the botta organ!.,. •. 

!M wite• is. deeply inclebted to Mr. Henry &tt. Super$!1 ... 

te11du.t of the Wolt take Ste.tti Fish Uatob&ry and his eWt.tor 

their ~ how;a ot help ill JlllU"Jd.ng .end pl.e.atb1g exper~•tal 

t.re>ut, to Mr• Howard Gowing, ~ th• :rasti ""1te tor- Fiaheri•• 

leaearQh atatt, tox- hie a.sai$tall4• in moat of th$ field u4 

lt 



oft1" ._lt uu1 tw b1f a-.. 4lthNtat bl tht pabl•1 .« 
h ti. _., .tAtllri4•1• too • ._.,._. to --• who ottertt4 &4vio• .... , .. 

Vv, ..._, aPP"datl• l• au•« '1111 ..U•, PJ)l'llt1 

~att;., tw her a,mpatbet1.o Wldflts.taJJ.&g aaa bor unlbniW4 

t.lp atti.,pr• ... •tia •f thQ IIMlUhit:i.pt. 
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POPULATiaiS • ECOLOGr, AND MANAG:m&"lff OF MARQllfAL 

DOU! $fREA'Af3 IN SOUTBWUi MIO'.EII(WV .. 
Virgil s. Pi"a'ht 

IlffROlJUCXlOlf 

Durin.g 'the pt.st c•nt-uey. the couree ot agr1cul.t\U"$1 and 

idu.trkl prog'l'♦ila bafJ wo:ugb.t dr'a•tio eba.pa ba th• orig­

ml eavir011AeJP.tal condit1GU ot aoutMnW.ohigaa. Road 

•ts• agiettl:tural draw, •roa1oa. acraestio aft&.ge and toxto 

5.aduetrial ••tea haw e.11 left their markl on-the originally 

•or• ol-.r' .UJ4 oGol waters ot the regtoa. 

Although brook tr'o~ _.r• probably never •nda.to to 

'tllt•• •tva. they haw beea ~d widely ehl• lf1/9• lt 

•t&ht be iJ&ten"$d 'tb&t bet0,r:e the luinberiq era these south­

ern Mlohip.a atNNm 1flll"• suitablll for troutJ but at an Ql'l.J' 

date, the delewtinaa •tfttctl of 'hhe ourre11t a§l'"ieul tun.J. 

acl bdutrial prao'ti.oet1 1IIU"e alNe.41' JlllUUf~u,t. for ia 1888 

ii •• nported (Miohigaa State Beari ot Fiah Oamd.as10&era. 

1888) that "ab!M-teat•• or over• of the streams whioh thia 
I 

'board •• 1tookec'l• or i8 •• stoold.ag w1 th brook tron. 

••r wre trout stNtama before they 'ffilff made suoh by t~ 

S'iiat••• 

~a!' aa poseibl•• fish ntl.\U8& are· thoee t&aammonded in. 
Speoial Publioatioa Bo. 1 of the ~ieu Fi•her-:1.ea Sqolety • 
1948. hotmioal equi"Val•nts of common 11UJ!tS are gi'ftln UJ. 
Appeadbt i. 

l 



f1w bltroductioa1 of rainbovt trout Ut 1880 am ot brCNnB 

Uk 1889 wre follOWl!Jd by iacreasiJlgly heav, plantiage of theae 

speoiea up 'ho tlw present. apparetly with only slightly 

grea~ auec•••• lib.ea it beOllt!Mt evident to fishery ofi'iciale 

of the State tha.:i. only a tn ot the eouth"ra stree.ma were 

a.Q'b-.117 1U.ita'ble tor trout,. the t-Nl\d in a~oold.-ng salmcmida 

ahitt&d gradually to th" nozrth. h mo.re ri,eent time•• hn­

ever. t)u; econ~o griowth of 'the State• resul:ti:J& in highly 

oGcea'brated centers ot popula ti=• or•ted a dAmancl fw 

ample ruree.tio-1 faoilities near metrepolitul al"e&s., where 

peraou with Uai tod leisure tilre might :find sport aJ1d 

bealthM diftl'"lion without the uoosid.ty of d.riv.i.ag proh1-

bitiw diatuo.e.a., oa. japortant :med ns for treut fishiag. 

a.ccp.ising tbfJ denrabill ty tor tho lllai!ltemutce of oo.14-

water anglillg a urbQ southern W.Chigen. the Consenatia 

Depart.meat -,:rpt.ndttd i'ta trout stocking pl"t)gral':l ia the aouth­

•n ceuaties UJ1til by the end of the 1~ easa. 12!7 atretlm8 

south or Bigbway lLJ.p w;ro remti'ri»g s.o pei-cent ef the 

total amiue.1 ple.nta ot ~.. browa, ad rainbmr trouts mule 

tbzooughou'b the en.tire sta'te. 

Oftr a hundred thousud trout ~• being planted. amauall)r 

1n thee• soutbftn streu.s with little i'a.ctutU in.for.ma tie 

on 'tbl noo•aa ot 8\loh plalit1np. It b&s been 1upeatecl 

that ail luat ••• of the •tel"• 10 stooked are incapabl• of 

ma:lnta.Wtig aha.ble trout populaticma • whereas other a ar• 

oollld.der&d excellent trout •~• In order to juatUy ita 

eontinued atoold.ng of thee ••r•• the Department at 



O<BUf•ntt.tion directed that a atu«v be ad.e o£ s__.-1 •outh­

•rn nname: • to d.•~•• if poes1bl•.- tffi1 •--· appear 'b• 

'be .... tlent ti-out prod,_.N and othcn, whll• apparently 

•uitabl•, ff& to. be inspable .of aati1ftu1tt117 trout pr.aw,.. 

t:l.on. the :brnat:tgat!:on repo~ in i41i• 'hheeie 1"8ault•4 

tr• tbAJ fore go1ng dir•crM,"9 •. 

· ti. primet.ry purpose or thd imeG'tige:tten waa to . identify 

the faetors · intluenoixig a.rut. in ~ in~•e• li:rd:bblg 

trout produotion in repr&sen:tatiTS •wtb..-n lUehigan atrflUlll• 

Zt ,.. 1uspeot~d tlllt eome ot the undesir-able fe&tut"er, . of 

<>eu-tain of these wa:ton~ once reoogntge4.,. migh~ ~ so e.l~e4 

a«s to iapr°'" condi:biena tor tr~ut. For 'this stua,,,. 1, 

•tewoouraes. beliewd t<> be representative et eouthorn 

MtcMa• trout $'bNamQ• Wl"e o•tm• FollO'ld.ng a supel'ti4W 

~nidd.on ct tbeae ai.t-~. tour 121tN iSOll!Jct4td for ifl'heJl­

•iw 1rtniq. '.Beoaun it' as ira.pre.ctioe.hl• to centtuet a 

oompl•te fl'ff$l cen:nd • all of tm,1~ .1ddely ,aa'tt4Jred •t•n, 

.oilt ot the mtormat.1• on produnie. •• obtu.mtfl through 

ptrioU•l e$t1-w• Qf the .--ndtngorop. The tl'tNb• 

· pro4ueil\g ea]lltoity ot ft.ch n.,_. •• ee'timated an the baai• 

flt data ~bta1u4 en pbJ'aicel.• ohead.cal. and biolcgiql fe.ot:on 

~ to !ntlu.nc,. or ~ct•4 ot influencing• product!-. 

!fbe .. •l•otrloal ti.sh ehoeker was cb.os$n tor obtt.imng ~oi:meu 

tor the population eatitne.tes beo.ws• ot its apparent 1.clu­

tap• ~r the Jeine. ~r. when it appeared that little 

•• actually knnn of the ee.p-.b:111 ties and limi tatiott$ of 

eloctrioal shookfJrs .. -. critical atu4¥ of •~sting teobm.q•• 

f.l'Ml. a.•ilable equipent •• tu-st ••• 



the Nnlt• of im• lnw.-.ge:ttou oa the.. ••utbfml 

Mlobiglla •-.. are pN--.t.4 •• twe•jer ~••· o~ tb1• 

... ~M•• · .,.,. ~ 1-1~ 'bhe .. r:••14~ of 'th•. -,.naaial.1 

. 1.11wU.•• • •1~eal t:t•h •hooJcen ooxu:liactect h dnelop a 

·. ,opulaitia-oen&U# llfth.94 tw, atreaai,.. fleh; the se~d de&le 

w!tJ\ ti. fieh popllla'bt .. ad their •-.log with s~al 

r-,.J."bOe to tutot-a of the •~~ whieh 1.ppar t• b.­

tl,._. w..n prDtanien •. 



m;uu,~ .. Oli' A OERStm wmon 07.ILDXIG ff& 

. 11JICDIOAL FISK SliOOElm 

A nliabl• nal•titn of the taot-w# intluuoiq ~ 

preduot1on £n aw.- a.penu run • a lmowleclg• of Fo4.u.,. 

tt-. per•••. Pro4uotior& ot aq•t:io OJ"&&nilm• •• cleftne4 by 

Clar• (19ll6). 11 the •t inc:tea• 1a t~ 11&• of the 11tand.-

. be aop at 'bb.e act of a ttat.e4 periocl. ot tiM; plua ti. 

Ji•lcl.wbi.•k imtl\144ta tbaii lalO-.t harwawd by IIAli and that 

~17 "1110ffd tt• the -- by 'other •--•• .Such .a 

ana:u-e .. · tJta, zwooaitate• a lalowl•4g• ~ ,i. night w 

n'tlllber ot tb• population at the 'bftginning and at tbt end ot 

. the •~ peri.-4; and; in additicm. the wight OF nttnbe.t ~ 

ti. fi•ll r«JD.aw4 ~ly &-. the ara by tiaheraen, 

a'tutal ~li1J1• an4 nd.gn.tion. 

n.tenuna.t:lon of the 81•• ef the ti•h popUlatioaa in 

tit. ftnOUB •otiaa, ot the atucl7 atreama ... -- by 1.ba 

•mar~••,,.,.- lllMhod u cleaeribe4 by Rioker (1948). 

Thi• methocl •• •oome wi4•ly ueed in fieaey J.11magement in 

Noent year-a, ita reliability dependa on th• aaeumption that 

haQd.Ung alld mvld.q de not o bang• the·. rates of •pture • 

re~~ • .. 110:-t&li t, of tho fiilh• flw. a.saaya obtained. 

'tiJ' .• poCMUN e.pparentl7 AN.· :arudh ._... reli&ble WDill a 

allllpaftt.14•17 l&r&"f FO,portioa of the total populati:on i• 

...-Jce4 and ~• t.e the •ter tmd whttn a large proponta 

of the ma.t"b4 ftp preaerrt ia J"•OOWNd.. Tbt l.udt• ot 

Nliabllitf t• be -,ectetl 1'11th w.?'ying lewle ot markd•tilk 

5 



l'tltlad WN ........... r.the.rllere, ,q ._.., •N to deter­

m1n· with bi.peat. po••ible ACOUl"aoy the atancling Qt-Gp·· ot 

f.\an·· o,f all etz••· ax,.d ap1u,i• with different ha bite and ln 

ftriollt babi -• • 

0-I thl n\18.ber of 4-'doe• ued in tm, paat with va~ 

,...,... of •uoo•• anc1. ••1-otiv.Lty.1 only two, th• aemie e4 

the •l•otnoal ti•h ahooata., •re considered of' adequ.u 

pra:1. .. for UP in the preaent atuq. Shetter- and &anrd 

(1939) r~ort•4 that, ·e,u. uadv t~ IISSt diffloult Nim.Dg 

ooacli:tiODII• 'bhff1 __.. a'b:U 'fie· NIOcrtV 89.l pe;roelih er the 

,.,\\lation et all •ptt-oi• and •U.• in • bl~ HOtioa 

ot • lfie)lig&l'l trout ltr--. G:t-Nlq (1935) •sbimat:•4 that 

•Ui •l.•et.4 study NC'bi.- d lfetr York •---• at luat 90 

~ o£ the flih pre-sent '119N oaugie w! th· sei:ne•• 

frippnaM (1937) Gil lew lllalp8h1re trout streuil· reported 70 

t♦ 80 p~ NlOOW1'7 in •i•tl<m$ diffioult to a•il:lo• 80 

'to 90 peNUb ill ntei-s of modere.tel.J tiffio\llt sabling, amt 

. ..,.r 90 pol'Mllt ♦ffloift.(OJ inn~ well aoa.pted. to the wse 

et Dines. 0.-klng (19-1.9&) oatimated a recovery nte ot 88 

peftb.'b in -.. 11:ldlana riNall in which d.ebril had been re• 

•wd pl°iOl" 'to Mi!dng. S.bettei- am Leonard (1943), on tm· 
ether hu4, •h1nrecl that il'ittmsiw •tml'lg ewn under the ben 

of o9Jldi ti.ea woul.4 n.ot result in an. ett1ciem:,y of o~ 90 

peroezd •• an4 that ti.she• not oapturM. nre in ti-. baller 11ae 

grnpe • lA "fih' ot tbeae repa,rted "AU"iatiou 1n the· •ffl• 

01~ of aeiJwlg, and. tbe taot tba'i -..h st:reaa woulfi haw 

ba4 to he nS-4 very :tnt.naiwlJ (requiriag many mam-houn 

of effort) tor reoneq of a large pl"oponien .~ the 
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iA <tbt pre...t :i.Jmtltigat:t.om. lnatea4. tm ~1•~1-1 tiah 

•-hoobr •• oho8fffl an 'the 1--11• ·of existing repQl'ta ~~ 

1Jlg it• ac•ll«moe u a oolleoting dniee. 

A rniew of tm, lliHWatur• on the shocw reveale4 

' that, 1n IGrth .A:Mrt• at least. littl.$ .. actually blftlt 

•'bt,ut the applioatioa of •l..trioit, ._ tbo t1el4 ~ fi•hOt 

--._.at. lleoaWI$ at· ti. oontuaion am1 lWCfl'tamt»' wld.•k 

t.pp&rlllitly t&tn.4 ~ mu-13 e'YttJ"J a•peot flt the subjeGt• 

bper1-n'ba't1on with •l•crtrieal. ti#n,.oc,ll~ uuc• •• 
UllClertdln to _,,.lo, a nrunie •the4 atd.•ble ft'I! tlw 

et-., lmt'ler e:t:wlJ• l1'1 thU P•• et t-. atUl:17• u •~t 

-·---· 
1. Alnmble ••h d the ~ Utiora:t.ure -. 'll1e 

11ft of •l~ott:, in fi•h eoll.eo\i.ag am ill ti•beq 

L Keaaure the obaraeterietica of electrical fielu 

prod~d .ht •ter by •le•a•• of· a nriny d 

••P" am a1&01. 

'• Jle't~ the •Fitudtt ot 'Volta'1J gradient neoe•­

_,,, to pro._. paraJ.yaU. 

4., 0~ t.he ♦ffici•aoy of alt.-na;tiilg.. ~ tU.Not.. 

o~nt -1 t• una..-.. -.rio.\11 oonditi.eu. 

51r ...__.,. the ineteA--.ua and d•~4 mol"taU.tJ' 

ft•ultb& fr• •l.ao'tri.4-1 ehoolc. 

Fol1fflng thfla --•---••• tile -~k••-u:r 
aethu., aa •tlopt\ lr; • tu estimlltbg population. 111•••• 



.. ten•« to NU.bill~. 'l.M 2"11:lul'ttl tit thia , ... ··o£· thf) 

~1tifJ\tioa are p~4 la thlD tollowf.ng ftCl'biCG• 

!lutory of. t• Un of neotri.oit,- 1n 

. Aq-.tie SitU1.tt01UJ 

:Al~ugb. the fl.ir.tb pnottoaJ. applioatttfff ··of eleoW!eity 

to the field. d tisbli17 ---~. appm,•ntly ·eame q~te re. 

~ly, "9ti•• ot ·tu phya1ologioal ett•ot• ·<4 elecrtncit,' 

• ~-tu ut!•l• begu .. h earll•r. ..,.._ (1885). Catt 

•mpt••· t'ouaa 'that fl.ah ·IU'il otha aquatic •m•14• when · 

plaoed'til a 41Not_.lll't_.. fi•l4- Ol'i11nt •btWlvea pal"'allel 

-to the o~nt u.aa wiilb thrlil" Jwau t~cl th,~. the 

aa•1mpiJie·ot such a po1aition baa bHa teftlllt.4 "gal't'anetro­

_,.." Ve ~14 (1938)., •• at\ulid tha J'eadiona of 

tia.bQ ill di.r~utNnt A•lu, also IMJ'ftd 1.ia"b in a \'lltak 

al'hh&tiaC-O'ld".Nlrt· fiel4 the MiM\11 ••• into a peait:lon 

a't :tight angl•• to the elllTta'i 11.JlEI•• lum!lt-oue •Gthell' :tn••• 
ti•tor• law nud:l.et tNI •ft•ots of eleo'triaal atumli on 

aquati.o or ga.ni-. ·tna a pUNly a-.clemio Ylewpo1D.t. the wcrka 

of a ·few or ti.a wi.11 be ccaider-4 latv. 

Wbat appttara to be the furn reported -.e cf eleotrioity 

ln tiabery _,.gement ooourred in 1911 wh.ul Burkey app.li•d 

tor a patent • an elAtcri;ri.oal aereq d••ipd ts prewnt .nan 
from e:nt.rtq lff:1.ptlon d:iteha• (&1-a, l948&). Further 

notcnron)1 ~•nt• on the ti,h ·•oNn have beea cari-ied. 

out by lolU.llan (19,0). by- JloJU.llan, io1-a., @ii E~at 

(193'1). an« mon noen'tly by Apploga.te fUld. colle&gullla t.t 
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-ti• "'1nln6nf\. Bat &h 1&bol°at0!"'1 ot tiw u. s. :Filia am. ma • 
. lit• a_,lftoe (~liamd). 

' . 

A~g to Sold._.. .ad ~g (1939), So~lda 

· 1n 1924 •• -.. of the til"'at· to report 'bh• uae ot et.O'trio1ty 

in oolloot:btg. tah.' FollClldnt 'bbe WoJtlc &f Sen~ld.•r. then 

· aJtlPW•« ~ t•olmieal ·:r•l'Ori• • the applioati.n of ~h 

aJ.tenattng an<t dii-eo'fi ~w :bl ~ for O(JlfflAW41aJ. •• 

Wll a.e Riet1.tit.to pWl)O•••• the use of :oleotrieal a~ld.l:lg 

d.n:l..- 112, ffottth Auri• apparentlr began with llul$ll1a 

(1940) ~i-£ment• in 1h' · York ~·bas 'bff.n oontt.4 Wgely 
• ... • ','' < 

· t. scieatit1o atud.1ea. In tbt @cade f'e11~ 1940. .m:ar• 

._ wr~•• nth ill tlu.i 'anite4 statn am Ga.ad$.• ave 

~Md a 'lffi•ty of modifioaticma in teebniquea and equip. 

Jll9ld• 

Until b.,ner ( 1~9) 11-.nbad th!, NSttlte of ... k with 

d,irfft e\U"Nnt on tua ill or.pa, the .-phu•i• 1n Nonh 

~i• ·bu been mi tmJ •• ot al.:ternatiag cm-renti. S:1nett 

J.$49•· ~oii ClU"t'filt •· ~.U,, IUS4JUll4d inoNu:e4 Utpot'•• 

~. until it 1• aw fa~ tor atrum st-~di•• by maJV' 

,_.br• WM baT$ t11kt4 b•th type•• 

Wbtn t• «loott'odea• aoh 001'1Uotfi4 to a pol• of a •l•.,_ 
'brio sen,ntar or oth«r sew;+ett of ol~oity • .a.re plaoell 1n 

•'-• @ elec.vi~al field is ewtAbl1erh&4 wbloh p.rotiwtea a 

n.•po•• by tbt ansaa.~ lit. pn-aent in that field. the nature 
' 
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ot thll ti•ltt. (2l t• tne 0t eurnnt......alt@mtmg (A. c.) 

or tirep (D. ~->~. an4 (3) tht. tilae ,t expo..-. in tu 

. t1-,µ e_t g;t:'9ri tnt.r;a1t, .. 

n,h wh1eth_aneotl11'W a •ak field.,. •1<ther. A •. c •. or . . 

D. c., appe,d to be in'1tll:t;e4 an4 avbempt 1:i•- e:voicl the ee.-. 
I ' r ' • 

of eiitaulua. Aa -the ill.tea1'1;J of tblt ft•ld 1• UION&sed be­

,.._ a oerw.1D 1ne1,·•thfl •gnitud.e._ot wbioh will -r:r with 

•u• uut prembl7with •Jctot•• Dll'"ed11 ~ pan.1y.1• r••uJ.ta. 

In a -- ft•l4 of alttmnat~ 1'W'l"'en:b, ti.ah aU.p tbGHJ.w• 

at Pi~ aagltis i:o tba o'Uft'ent u.,. a ~ition -Uea 

•ouiU.-tal••" 1r1 u In--• t1•14- .tile- Aah ,&,N oapletely 

pu,u,-4., _ tbAS gill-o•wn -4 tiP an .tiff Ul4 erect, tba 

&Ul atfbt011 beomata gt'fti:ly r4!Mluoe4 OJ" attpa entitely, -a.t.\4 

the boq ._.,._. be..-• li~ 1a oolor. lA • e1a"vng 

ilr'~nt tield• on the other bind,. tisk are only p,.r-

ttt.117 ............. tbq MO- reia.4; and. dinot: their 

heaa t.-r4 ti.. a.no&,._ • ponticm t..,d u gal-.nowopi••,. 

tar II.ff· capabl• ot •nacnt• wld.•h ..._iat• of ~g 

teoly --.rel the ~. S~h -~ baa been ddlpted 

"p.l"fll:llotul&_.• lfhtl1 Nm0'"4 ~ the tireot-GVN!tb field, 

ft•h 1-eeoftit ~1:i ~tely• -..U• thue shoebl4 with 

a.lterat:l.ng ~ Nmt.tn. -.OOD$cioua tw a ~yin_g pe,l'iocl 

d tu.,, depending on ti. ff'fVity ot th• shook.. It tbl tith 

are left 1n u mttt•• fie14 loa& •nougb, morta111>7 will 

N&ul ii,, AGl:bl.t tbe lengi;h ot tiM rill ft17 with •U• arid 

•,-ou, ot tith and urtendty ot t'be tiel«. Tbt11t ta.oton 

are d1SCN8M4 in greateai, Qtail 1wl•• 
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Van ~14 (1938) ud lllblk,quent. worker• tave ·auue• .. 
ted -.rloa oauae• tor the n•pona•• o£ · tiah to o:l•ottioal 

· otft«w:tia. It h&a bun postula.1194 tbati (1) nth.th.411 head. 

tawar4.tti. ane.S. 1n a·.dir•~t·fi•ld, the fish·!# .leas'b 

iftli taWJ (2) direot ()'J.11'•• •tUNlate• certain. .,111 ia 

'tih:t .· Mnw-al m~ ~ an4 •o •••• i.bl or1..-t1ori et 

the "1.ial• -1d1tg it ee.q to mow towar4 tlw ~ but dlt• 

· ftoult. t. -- toward the.cathadeJ. (3) vo,1- Ol" ta.a• 

· are ... ,...«· bf ·•1ffbdoa1 ribmlati.011 of the 1.abFinthl of the 
. . 

: ear ••· thee AlpGllffa · are net ... 1n •bq• m wbioh 

· tM ~~- lit.ff not yet tonaeA1 · and (k) the ret.etion to a 

clit'•~• •tiJlml.ua :la a retles, tor by·o~·the aua­
t_..,, lawn.1~ and taoial ner,ee., 'WU Baneftlc1 {l9'8) fe\1114 

. . 

· that· ou~ occv• indepen6m.tly ot the ·_..-

. •uppUecl by these llfl"'ft& and that it 000121'1 when the 1ptaa1 

oorcl it •wrecl h-a the lt$1n but not ,.__ the oertl it -~ 
JlegraN't (1931.) l>elie1'\t4 'that tbl lateral lirle playa aa 

_, ..... , tJll" in tae n•p.-aae of tis.)Jea to direct O\C'Nnt. 

c~ the mh'ee to the lateral U.. ~ t-tut lett a14e l'"•• 

ault.4 in tho· fiah' a ~ 'lo the ri~ when faOing ti. 

_.. Ou~ iohe oorre,pomiiag nerws on the :right aide 

a&uattd. another ti•h to 'tnu'a to the ltft -.de:- the•-- cell41• 

tiou. a...vw • •liaimtlng the nerw1 to btth lateral line 

orguta 414 n.t i:rewnt gt..l'VIIUlfrtNpia entirely,, although 1't 

cli.4 re4UN the viol~oe ot the reaotion. Thia 14'4 leparl; 



to beli."9 tht.'b the ve17 id.lh.•l•otrioal oonduotivity ot th• 

JD\100'U oa.nala oomtuote4 the •tilmlue, in the abH!i08 of tJMt 

· thi reaul'te ot bgaart•• atutt, d.o not mwli•t•·•be 
~· ot.,.. Bln'efflil.·tor the de~ion, ,4. the ore.mat. 

mrw• to •• lateal Umt vgau · nuld noit atteot the pe:th 

of • Nil._ fl.•he~ (1950) · poiJ:lwd "' 'tha-t ti. e£ten• ot. 

ti. ounenb a.r• appurentq mt dir'en •«•• en the lllliloln, 

1'ub ar. ..._te4 l,y the oentnl •rv.• .-,.-. .. 

·MllQt,; dP&\te bu oentel'e4 around · tu ,-.-.,, of wbio-k 

o-.~· of elfftnoi:t7 .. wltage or ~-- •hock 

and. ~i••· Although the·• geneftl pl'inoip1N ht14 ._._ 

f# · 'both alt_♦l'm~-. aJlC1 tir..-t-oUl'Nnt •lttot&-loiV• tbt 

,ror:lel 011-t -. moetl.1 OOncff-4 With the · for.I". · 

MoM1llen, (1930). world.Dg with 48Nhl1y c~•llH o-.. 
tithat•··ahe4 that the voltagfl gradi..._ ·111 •-~ •••&N'Y 
te prd.uoe ~lJ"U ta ~ vftt ad. kine (old.nook) 

abloa •• ~r•ly pr~i.-1 to. 'bh• Dft&'h •t ·'bu t!All 

ucl -.. ~i..r i.atl-.4 by t• n11ntT.tt, ot· tht · •'-• 

Sohl..,. ·.tmcl ~ (1939),. and ltoll•r who• ....-t tr4' 

ottev.. •• at.1111llM tht ~t• of the ~id.al 41.ttei-­

ena tr.. hlad. t. tail neaeaae47 to prochu1e pl.ftl.19111.. ~ 

alq NOesrd,1-4 tha'b·the ·••IU7 ga\U.ent·i• infl.lllmoecl 

1'v wat.F n>eia'b1"'1ty. 
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Sao11an (oolld.e111l1:ti• in Engliah bf lio1M1, 19481,) be-

11""4 ttat voltas, pnel'l\llf bae a. greatel" •fleet than 

ampe~ge, but tbe.-t a eenailt mm.,. ot eaoh 1• neoea&U7. 

• ata:w4 tat bl •'ber ot high neistivlt,' (such aa 1• 
. ' 

toad in~•---). although the voltage-..,. bf) higb.• 

ftah wlll be ahooklJd with dittioulV or not at all in the 

1• -,.rage• wioh a--.111 pe"8in. Oonwraely, in wata-

et l• .-.ainl:d.'7, Utpel'll&e u inoit.-ea an4 i• ually 

aoo~•4 by a.__. .... 1n -roltap. fnen. in ao.tttft.41.e­

tl-. be •••4 ~t -thl rt,8\tltiag ol'UTent dtmaity i• greatly , 

...._,. but that it 18 the current «.utty whi.oh acia1all)' 

pare.1P•• the ft•hl mld.• 1• "1~ et ou ot the f•••• 
fit '11l09l'ta1nty. Wh\Ob •ti•lated thU afpltfl ~ tq 1R>l'k. 

Begl'lM't (19,1) •• in agrriH111n.t with S•llan•• general 

t.JJ.t.i ftna1 oontentioa wbea be prepon4 that tbll only 1ta:ada:rd 

~ to ,neuwe that intl__,. ot •l•otiti•l atumii 1a to 

«itpl"... OUl"N1lt 1n Wl':ld of 1 U denai.'V • 01" ...,.... pel" 

.,_... UJ.Ob. (• per eqUIIIN oe'tllutter). Se exprc,•••4 ti. 

telaid.-.rild.p in the tOl"ll.Gla, 

C•l 
It 

•n O • o~ (ampere• pei- aqaN iaob.) 

V • Vol-. (ftlta per irlc.h) 

a • IIJ•1•t1nt,. (._. per ou'b1o •h.) 

PNll Sh.e'tter•t (1947•) mte.m.ezn; tb,:t lmaller tub an 

not ao tta.aily •'boob« U are larger tiah beoa.u• theil" 

'bo41 .. do not ab1or'b •• grqt a portion or th!t •leotrical 



current. it would appear th&.t lffl· agrNd with those who sup• 

port the ourrent...density Viewpoint. 

Prnoat ( 1945) • :r:-epM"ting on tho results a£ experi.'alenw 

in Quo'beo• stated that fiel\ lying pan.llel te ti. linea ot 

taw (a.lternating current)~ reoeive a shock stronger than 

4G £leh ly1Jlg perpc,ndinlar to the•• line•• Further,. et i'.'b 

fish perpendielllar to the liaee of te.ree, tho Daller ti.•h 

1• evuu by a •U•r ~ of •1•troll8 d4. 'theref!.l#'e • • 

nrilm,pr ourreat is required to eaue• paralyaia. 

&ev•t •• re,.uJ.'ba were partly offl"o'.l:klN.t•d by the t tl­

lO'ldag experiment• ·tn group• of tiah of uniform. llis• were 

kelo. in an al:ternating-o\UT•m f1•14 of the min1tllm rl~h 

neQ"8l"J' te para.1,- tJ.eh. ?hon fuh wbieh wr• helci. 

pN"alt.l to the Unee of teroe 1!fffe paralys•dJ theae perpe► 

41oular to t!wae U.ne:e ...- irritated but not paraly••4• tt 

e\ll"r'•nt denaity ii reapenaibl• for paralysi•• -ti. tiah per ... 

pendicndar te the 111:t.H of f<>ro• should have: intermapted lllOl'e 

out-rent and should ha.ff bee• ahocnd firat. Since thi.a •• 

Mt the oaae • it would appear that th$ dif fer•n• in 

~•nttAl fl'"oa head to tau ~uce• the efi'eot-. rus View 

•• turtbe~ aubatwitiated in tat llU'ge. fish ..-e UN 

qv1olc:1V •~4 1.n IQ' ~rb\ents theJl ID.11. fish. whl:n. bot.It 

1'1ff· plaoed in the ._. looatiim ill the fittl4 an« parallel 

t♦ tlw lilies et t~•• The lonpr ft.eh ay 'be pr.au.ea. t• 

MW int.Jreept.4 e. pee.te:r linear di..-tance and henoe te •• 

bpffienc•d a gNater eop bl potential over their to-1 

1-gtk. 



On ilhe otbel" ban4• when two peups. et ti•h• unequal in 

•iu, -..re plao•4 at right an.cl• to the Uus ot force h 

a 11•14 just .-trong enough to paralys.e the larger fish. tt,t 

.. 11er on,,s wN not crrercome by eho-ek. The larger fiah bf 

'riri• at.their •ice doubtl••• lrl'kroepted more lima Gt 

f•nte• !ld.• cendi 'hion has been newd by •2'11' ot the l!J'Orkera 

cited abcmt an4 bas been the baaia tor th• "belief that cur-. 

reil'b .. uity 1• thtl COlllpemnt of •l•otl"ioJ:ty that reaulte 1n. 

•hook. 'lwo pieoes ot mdence oppoee tM• vi•• (1) Fi.rot, 

:$.n ••r et low naisti'Yity. it would be upscte4 that tho 

•• nulcl be at least. as good. a oonduotor ot eleotrical 

curr-.t ... are -the ftah e.ncl tbat relatively little currettt 

'Vlftld tlow thrngh the body of the tiab.41 r.11ultitlg in a 

l.-e4 ettiei.., of t~ ah.... C0t1•r•ely. in ••r of 

Mp reaiativity• it would. be u:peoted that more current 

wou14 pas, through -tho. leee.reaiatan~ fiah than through tbll 

surr,un4iag water and the ettioieDfly of the shoca1' wow.cl 

'be illertuu,ea.. Such ie not _._, the •hocker i• etficien 111 

•ter• ot :moderately lw ,-.s1s~ivii;y but fails to fune'titm. 

aat:ietaot~lly ia •tv of h1ga re&i1t1v1ty., (2) $eoon41y, 

•1•• Kolfillan (19:30) ahowad that the intluenee of res1n:1:,. 

:lty o -tbe ••ltac- gradient required tor paalyeia n, net 

oonatant but that it Yal"ie4 widely over the total range ot 

•t•s- "tii.11tiv1t1•• measured, it fellna that eurrent den""' 

ai:ty • ae ~o•d. by Reprt; ta form'1la ( q~ •• ) • ia not a 

o.e-.t.i- ....... 
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Oouidel'ing -.11 tbe "1.4.exioe, it appears tlat both. tbt 

drep 1D ~ial threughout 'tho Jsn,:th Gt the :tiah aad the 

ournnt 4-.ull.ty in the 1111.ter are invol.•d :in causing panl• 

· ~ of tiah. fbe --.et telat1o,-ld..p 11 ~. but it 

ta· "11ie'ft4 that the ma.gattude of' the -roltagc, gradient. 

~roeptect by the tiah prO'Y14oa a bnt.r and more· ••rmdent 

...... ot the •ft•ct ... lag •• the influmoe of DWI" N• 

aiati1'1t7 le taken in'te eanddera'i.ion. 

· A great wnny ot eleatrode types and atsea have been 

· .. ,·ta •leotrofi•b5,ng urider an equally great 'YU'i(tty o~ 

nr-. oendit1ons. Wi:th botll uceU•nt and. poor nsulte. For 

ftlillple• iaakell (1~) used as em eleetrode •• or more 

· iron atalr.Ba dri win into thtl . .tr.• bo~ &l1d •• the etMt a 

tloat1ng .. 1 • .,.. .. nretoh.94 be~ tw ~l•• ibe 

preeia drip "flirted ire 4 'to 6 inOhcla wide and 10 te 15 tee~ 

.long. A la'ter im.prcn .. nt uy Hasall anc1 Zilli.• 0.941) 

oeuittea et aubn1~ a bu• 'Iliff dragg•d .,.,.. the bot'v• 

.in pla• ct 'hbe ire nake•• i1u1 ~t grotly in­

orea•-« the •ttio&enoy in bard ntei- over bo'tta aoil of high 

"liaiianoe·• In both ••••• a vertical field waa ueat•4• -tshe 

•tfioienoy ot which "f'\U':1&4 with tbe relative resistance ot 

the water amt the bottom soil and with the greateat strftll 

width enoeunter•a. 

~no•t (1945) deaonHtt a llightly d:ifr.trent orra.np­

mexrb \18blg a very large and powartuJ. gen.re.to,,. iu 
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•1•.-tr•d.e• .o .. 1ne4 of two bar• eepper- w.tru. 20 _to .25 

-'!IC•, an4 up to 75 feet in length. The 'Wire1 Wfl'G stretchff. 

· ·pare.11•1 to the. long uia .ot a 'bloolce4-ott !Stream section at 

-.artable Meta.noes apari and at ftrioua depths t~ thf 
' ' . 

. aavtaoe . to ~be 'bott•• 0. dia&dvantap o~ this method. . Uea 

in the tact that whell euoh a large area is ei.otn.ti•4 
' ' 

eiml:t:aneoutl7 l'lfmJ ft.ah ta.Uing near· the wu-ea •7 be ldlle4 

'Mt•• they oan be •een and ~ from the :N.•14. Anotlutl' 

'Qlldeair&ble feawre ia the relatiwly high aourM of :power, 

and henoe a:11• ot. gaere.tor • nquire4. 
'' ' . :· ' . ' 

A sertu et ffr"tical £:1,elda ,... a.-t up by both ·~ 

(15ie) and J•rt• (1949.) wi t.h tuir moditioe.tion& ot - ••1••• 

·v1oai ••hW• • Tl» ~ oonsist94 of a n-1,er et 

tl.-.tug eleo'bl'od.es et ena poluity,. apt.Md along a ea'bl•• 

Alten».tely spaced bri.-n thtn electz-oua were hf;ng:lng 'Id.re 

"drop," oQJ'#'leote<l to the opposite pole of the generator. 

The •Jor ditterenoee between tl»ir two um. ta weN the Wlf'e 

n~• a.ncl mOff oloaely apaced eleotroas uaed. lJ7 JMria, 

ud tbarefore .th•~ $nd mo.re powen'U.l generator-~,. 

~ al"~ d•wleped by llughe• and Shott.. m 

Miobigim (Shetter. 1947•),. ae wll •• the moditioation of i'b 

••d in Mi.nneaeia. (peraenal o~ca;tion from Dr• a. E. 
Jol)naoa). oonaili;ed. et tft he.nd-hll4 elfftrocl•s ea.ob ••• 

ne$t4ct to a pole ot the purat.or. Vn of thia elecrta-ode 

cle•tp •lilliMted the probl.Hl of keeping the electrode• tN• 

ot ~- .am c.,'batruotione 1n ttw wa.t.r • a prob la of conu4-

erable :i'apel"'iamce with i'loating •l•ctrod••• Another 
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•ppm-•rrb adftntage ot tbia match.a·•• the poart'bUity of 

adding a third. eleotJ:lou to the oil':cuit in "ltidfl and. &ball• 

atr•am1• prortd&4 the water depth and rosi1tivlty 1Mre aueh 

tbal.t the o~ut · fit the pnel"a'tor wa.1 nn exoeri.•«• the 

fao"tora determ1n1ng the requ1:re4 pffff· output will be di•• 

ou11ed 'below,. 

Id Ela• (1950) pe1ntd out,, ti» intarm&idOJl on the 

tul4 o~iti&tioa pl"oduoe4 by the Tai•• eleotroda 

deaigu la• been obt&.inect largely fra thtt obaft"ft4 effeets 

• ti•h·nt>-r than f'r• quantitatiw lltfJUWftlenta of thfi 

ftel4 tbeiuselw1. Thia .. ._. to be true in lJorih Ai.Mrioa. 

but the fiela :et pranically au th• ~•tiae de•onlad: 

ab..,. •n oaretull.,y maaswe4 an4 n'al•tK- in Ge~ bJ 

Stld...._ and. lia'burg (1939). They .did ne'b, htlw•ver. ten a 

'IU"1ai;y of the portable J.m.ul-htld electroQa .a.unbod bJ' 

Slae'"9P {1947a)• 

,- tbia Ni&Ma, the fie1M prociu.oed by• 1bd.te4 n,_. 

'ber et •1•~ ot cU.tt.Nnt &taiga■ and siMa wr. 

--~•·and plot-w4. during t:he ~r .et l~, in an 

a~t te ·~ the aa1re4 oharaoteriatie• of an au .. 

purpoae •leotr01h tor uae in streams varying in wi4th• 

deptk-.. and Nailfh1"1t7. then w.n •••Pd with eaoh ot tn 

A. o. genera-bun et difterent but eommaly bpley.e4 

oap1.01tt••• 

!he •4Ui,-n'b tor DllNJS~ ta field el'!.v'Rot.riatlc• 

. ._. •-' up as ahoft in ft.gur• 1. It oauiet.4 et ten 5,00-

elm r11ai1t•• in •-.rt••• • pair of raaio e&i-phems • and an, 
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~ulated Wire J>I"•" 1'11.b an Gpftff4 tip,. An~ wi:th a 

ran.ge. ot o to 5 ~•• am a voltmeter with a tange of o te. 

150 fflta •i-• -.U.4 ~t• the .oirouit-. T~ tn elecrtro(lea 

to be test.4 •r• •••••ly tt.d to 'bile bottom OTer a _... 

•~ gritl.ai-1-4 ')ff.~ oae•t0-0t sq~•• te aseut in 

pl""-• 
the r••1•tanoe ot thi, indi'ddval Hautwe •• touml 'to 

· ebu.ge. f'ra. their 4rig1nal ... _.., Talue• att•r they. ba.4 

•• reOIJi'YiN . ~ tor aw tute. In Ol"dff to ~lW••. 

••.-..•. at .eff..- iaVed.110e4 b7 ••h olangea. thlt r••i•__. 

et nob _. --.\11"94 atter it b&4 •..,.4 up" and apln. at 

tha n4 et ti. ten. 

a-.. a••--4 'that th4t Titltap t11tteNJl09 in the •ter 

--- tbt •l•O'bredea.was the.._. aa -that. a.a-oas 'the cir• 

o\d.t 1acll•te4 by the 'ftl1mleter• but• ai poilltecl out by 

-.1-1 (1948&) • pi-eot• l1191\&UNmen'tl of nl'ta- gratiente in 

•ter oazro.n 'be •4• wlth iDII~ 'Whioh draw eurrent 

Ira. the Ol\NU:1:t and, tbet-efore. diat-ort the field. For thSA 

rea••• 'b,- wltmeter am Ullleter wr• m.--d. ot-t att.r 

th• erigj,n.al readinp bl.cl been•• ad were tU'lleil on a.gain 

only periotiealq "te oheok the ponr aouroe for oons'tant 

outpn. 

in oper.t;i•, the to•l r••ietanee, and benCMt t1w -to•l 

po1NtntSAl a.woes the o ireui t; na di 'ria4 int. lO •qsl pal"ta 

by the 10 Naiet_.•• aeawdng tblt reaiaters te 'be ot equal 

mue anti the •ter i-eeiati:d'by to be um.Iona. 



0... lfif.4' ft'• tu eu-pboa• •• plugged into the· Oil"• 

omt .~ •tlw fil'n and N4Cl!'l4 Neiatot'• at a ·point 1/10 

of 'bbe· tcrilll tt••U'tf,moe, and e1-ilarl7 1/10 ot tlw total 

wltap, aer•• t• c~o.ut. .n. oiihel" lead h's tbll ear .... 

pbe••· _. .attuwhecl t. th preN Which •• plaetd. 11\ the 

••r near tt. ole".r e1Mvo4,-. In open.~ioa. a ma oeul.4 

1- lteua, irl4ioating that ovra.t .. fltlWtng throup the 

~•••• a l&ng a• "hctJt• •• a 41.tteraa ia ·~tial 

~a.'bht. ,.,_.'h ,t •"-•!iMmt of uh\t •upbolle. lea4 and ~ht 

looatust ot 'th4t pnbe. 1n ·the waw,. a fl• of CIW:'Mrd; ra­

•ul.•4• · ·Henwza,, u th• prebe .. •••· the hl1a\ be~ 

fa~. ·8.l'ld finally oe&Nd.. The pe1at ot •o O\UT81:lt tl•· 
• nll patub. :tndioat.ed. that the pottmtialiUf'erenoe tr• 

' the• eleo~ ~• the null pomt •• tbe _... as that tm-ough 

tbtt, t-u-at r••d•tc-• or l/10 of the total Yoltage aero•• tbe 

f:le14,. • ~•• ot JWll po~ looated a:tound the eleotro~ 

"''" an equi.po'b4nrbW 11111, all point• •n whi•l1 ar• et the 

.._ potttntial fl-• thlJ •1•otr.-. Siailarly• a veJ"tioal 

..-10 .fd ti.ff lillea·pw a t.~e-4.imenaienal delineation 

et. all points - eq_-1 ll~ ot YOlt.e du'taat ft'• tbt •l•o-

Br plqging tbll earphotle lQ.cl iD'bo -the oirOUtt heinn,q 

tho ~ •ntl thu-4 •. and again ~n the third and :f'e'f.ll"ih 

r•ainon • .- •• on,. -bhe loeatie. ·of all ,eiD.t.t e/10. end 

J/lo, of tu w-ta.1 poteltttal trom tM tiPat •l•e~• could 

be plo'tted to eal•• boith 1a pl,a aa4 pl'Qf1l•• aa ebown in. 

i"i4'l" a. !hit o-adiu:ts in volts per tocrb wre obtained. by 



...,nri»a• ti. .plotted cU.staneea -~- .a4jaoent lin•• of 

eqid.pno.'1al. ~~ ftguroe• WW. o~ to Toltt per 

illoh ~- :meau ·•of' propdioal ti~•• 
' · ·,1- u~--.q ~ the• oal·01llatiou .iii depellde.-ts · en tbl 

· ·u~a07 nth whioh· tlw· equipo,~1 11-• oeul.4. w. pl.-twcl 

· with nape-ot ti> the g,ld liMa en the -~ Jbe magtd.tua 
. . . 

ot •rrer Ui.-odueed _by plotting 18 directly prop4nional t• 

'bbl, •grd.tu.d.$ o£- the gndia1; per irlOh. Sin• plotting•• 

probably ueurate te th.ft ,..,..at a•h• ·tae ttffOl"' intto4'U.Off. 

414 nn· --•cl 0.5 'hl'b per moh •-,t 111 u-..,. of mt 

rapids p~tia1 4Np., and. i.i-. it waa pro'bit'bl7 oal.y .Ugntly 

ab.- tha't ttcur•• 
After tbe field ba4 .__ plot'betl uut 'be.tor• the eleo­

tnflu Ja4 Me _....,, an attempt na Nd• •• d•~ ti. ---t of th. ef'tevbiw fi•l4 u4 t• meas\lt'• ~tu• .-.lta&ft 

grailtnt xw-.eay tor ~yau by irrti.ruuoug fl.ah ot tit• 

teent •1••• and •P9•1••• !bit fish wre p~ •1.ns11 11\ 

a ~llduo'tciag ..,p nn ia the •ter oubi.o th& t1el4 and. 

~ slowly t~d the ee?J.ter. The direeticm of' the· flah 

and ti. point at wbtoh l>ocly ~ eeased. ltltff observed 
~ 

ud reo~•"• n.. ~,J.11-s;n.aiutt -.. ._~ tr-. a 
. ' 

•m•'P of tM eiz.e of the li•b-lUMi the gradient 1n -.olw 

per· moh at 1tt. point*" paralyais eoo'111"NN1. ln •piw 

ot the tit.ttcw.t, •a09\m•«ui in ke•piag tJa. :f'iak ori~d 

in • oouun'b dir•niaa ad. t.n ~ when it 1,e.­

~71•4, 'biw nsultt d' thit ~riwttlt an oone:td.er•d t. 



'be w.t.t~ the 1ame 11-its ot aroour.aoy obta:1.ne4 in tu oter­

.. mlr&tlcm ot.· i'ol1-~ S1"•41ezrls 1n· watff • 

.. Thi amral · .-otea -.iplo,ecl in tm, .~:m.tnt& wn 

· .-. '1)y ·.-:1.n,ba.g and eleetn1fi•hins• Tun ·eol.leoted el•o­

tricaity ·were allowed: at lean 24 · hour• to· reo«er tNm the 

· •tt•o-t• .-t· •htlok:: he:for• •~1 · uud 1n the ·te•ts• Thtt. tol• 

lowing •p•c.•••· with theu ai&e ~• (te1:a1 length). wen 

bp1op41 

&tftll trnb 

· · n-.. ebiri.tlr 

llueg:111 

~klnl•• 

3.5 ~· SJ+ ··mobN 

2.5 to 6.0inohea 

4.a • 5.6 ine•• 
w-...-ubh blaet •• 3.5 t• 10.2 inobea 

SlnN s~ (1947a) ba.4 •lreaq eholm that floating 

gnu wen· \DUl&ti•taotor;r tQr gmenl ua• aa .el•otroiu in 

Kiollipa trout •---• X tid not plot ti. eleotncal tielclil 

pro4,_4 by ~-- bub contilt!ed 19" trl.&ltl· t• btuul-•••14 tY.P"•• 

.run~. tto attempt •• m,a,41, to m.eaaur-e the. intlue-. ~ 

'bdb ... •11 r•tatt"fii.y a the clia'boflioa ot ti•U. in 

the experbl&td-f:1•14 .-qaes wve n,.de in the Olintoa 

Bi ver 'OIN it ft_. through the State Fiah Rttt••l7 grocu 

&'t Drayhll Platu, Oakland Ocnmty, HiChipn. .Here, 'bhlt 

dJiied "f'U'iee in width apprainately rra twe11ty to sbty' 

t•ri and in dei,th tr. one :toot 'to a~ l$aa'l. eight or nine 

te.t. fhe r••i•'li1vit;y of the •ter during the pel"ie4 ot 'the 

te•ta tlu.oinat.4 fTaa 286o ohu to 3110 ollns P"' oubio 
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o-1;~, Ml"Nn.4 ta a,•c• DUFizlg this tia the 11ater. 

'bempe:ra.tUZ"e,Z"anpd trfJIIIJ. 7e!F. to 7~F. 

TN ••ur•• ot pcm!ea- wre UHd to energise thtt eleo­

trede•• O$t •• a ~"iN• llS•ftl'b• 6o-o70le, ai.ngle ... 

phM•• alterra:b~~t pneratw.t a.nd ~· (rbiuti-. • 14oo­

•tt, 120-wl'ii• hOO-cyc,J.e. aillgle•pha111e,. •l'terna~-oun-eni; 

tmit; '\ld.th a built-in valt&ge repQ,a'bel"e B•th t.W.ta WN 

manufaotwed by· tbl liolltliiie torpora:tion., Pon Cheater• W.. 

Ywk. Direot-GUZ"Nnt £ielda . . be plotted wivh the 

••• equipment. but the wtter •• uaund by llflVal 

ph:(aiOillts that the 'bwe fi•la an identical 'UDd4lr lib oen­

clitiona. Refllistiutiea nn measured With a -.ri&ble..,.•le 

re11inS.11it,. bri~· and 41,-.ull. thie 1nat.r-.m.t waa 

aoourate to within 1.0 pereont at the re.np ,ee"VW.ed 1n 'bt. 

atua,. 

flll9 first •lectrou which waa evaluated C011•1itt.cl Gt a 

l2•laoh by 26-inoh •llivti•l ~k of 'bra•• t1.tbing. 

OVC" ~hi.a tul>ing •• plaoecl a pi&ee of l"Ub'beat gariea beee 

tor :i.Uula'tii,on. !he hoft -.. latff dj,1:eari.ed 'flhen it •• 

tound 1;l'a-t it had n:o •l• bn turt.Uy hindero4 tao11• lllff•• 

ment of the ~nt :tn 'bhe •ter. Appra1Datel1 SO feet 

of 18-Sluge phtap-ber-broue wire \9et'ft wound bl ftl'tioal 

H11s arolmd ea.eh tram•• The coil• ·•a•• spaoed om ineh 

a~ and ~ ei\d et the 'ltiN ._. aolcitred to the 1mnalated 

lKd :r\mtdng lip the handl•• in fttel' 14 i»bea de-♦p and 

with the olt,~d.•1 six foot apu-t. -the field 'Which wa.11 pro­

'IOi4 •ppeare4 -.a in FiCUN 2. Sinf.WJ the total volw.ge 
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•• 185• tbie cb'op in pown'ttal 'N~ adjaNttb Umt• o~ 

.«tulpcttutif&l _.. I.a.J.;~ol-ta. With th$ lawtrleqe tlat the 
,'. ~, ' . 

M:ri.td,om Gt t1- grid ,*" 12 b.obe•• it •• t._ ,o•sibl• to 

u.pr••• t"ne. peta.ilal· Uttennoe bttfteii ·11nets •• thi drop .. .' ' , 

bl nltt per foot. ·tho ·'tCl'tal ~ten-eat fl~ ·ta the e#4Uit 

,_. 1.7 ..,.. •• 

h-· i.lt&ift ·4:t-, ~- •lu'tNclet, though ln• •~ 

'bhlf.n it _. t• tlxt •1••• ftlll ,_. nri the· ..u-. 4~"7 

atat.4 'b7 Fiab9 (1950) • but .. .....a 'ld.tal .Utancu, 1a all 

41rHtt-.. tr. t:ka •l•O"W---• On a U.. . ...__ ~•• 

•• ._. ... ._, tM Sf& ... ..,.1e4 t.a'• ........ 1, ,.1 
,._. 1.J w1tli .,- inobf U4 cm ll2l --•ton of th•. l:!,IMt bll,...S. 

, , 

·t. •l•d•---• it cleCl"e&ae4 fli• e.5 ~lta to l.eu ·1;,i.a o., 
-1• per 1neh at a.~ ot 5 feet. 

A --.au,e .of id• · eft.llti w fi•ld. .... c,btaiJl.ed 1ffll!m. a 

ma'lMJr of A•b •n ~ed--4 into the t1eld. 1n the ....,. 

.,....Yl01.Wl7 ••vs.bed.. !he apeeiea of tuh, their~ ... 

ut •u••• and -. di•tu.oe tra tiht •le~• at whioh 

eaoh _. panlp9'. are gi'ffll ta tal>l• 1. AU •pe•iaeae •" 

•PFmdat•lt e,c right anglu ._ \he U..a of 94ld.p•tu.t1e,1 

•• ,-e.i,.t, Wit-h the exeepti• or .- •- •MM•• 

4•5 inohea bl. lagth, ••ipaiift aa 81• u4 • bluegil1-• 

2.§ !m,-a ill le~ de•1gtat.4 aa Ci., 'Wbioh _,. parallel 

- ~ u •• 
1' appean tta • •••ti•+.tea or !t.ble land P1gar• 2 

tbit,t. large filh a.re ahGcbcl at geatw di.,...... fit•* 
•1ff'k'odQ thui are· 1111\ll n.111s o~ th• • .,.. or ditt•nat 
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l 

•i-•t••• $.bd.larl;y. it appear• tha'b tho.ae individual.a lytng 

peJ!"pbtlioulal' ,o the line• ~ •quipetential are ahoolaut at 

SI'••• tietanoff than an th•• parall•l t. thffe U.ne•• 

!Alta 1. snc:ns. SIZBI,. AND DlSTANCD FIOY fflO iLLIPTICAL 
BLECTRODiB AT wmcm PARAL!SIS oocmuum 

b$l81d,T1tJ 2890 .._., U.M wltage ta,, -,..age 1.7 

Q llueglll 

B-.l>er of 
fitk 

total length 
(1nche•) . 

4.5 

4.5 

,.s 

2.5 

2.5 

h.J 

~llel - U.a et ~111.po-ial . ' 

Diatame trcn 
electrode 
(imbel) 

142 
(39-45) 

eA.t. , ... ) 
.36 

( ... ) 
34 

(u.) 

J2 
( ... ) 
4' 

(Ja--45) 

~ aftftge let,gtb. of thtt fish empl•~ in the assay 

beug e&!tt1d.Wed-.. ;..6 incbtUJj th• a.wrap diatcoe tr• 

the •J.•ctro• •t 11'h1oh ~lpia eocnu•r.d •• 36 b.ohee. 

~•• tipNI indioate that• ~ •J.Jdlu- oonditiQl'll 1 the 

abon el••••• ww.4 1- etteotiw m taJdag tiah ,.6 

mohaa in 1GJJg1ib an4 ldgfl" • fr• a ti•lct t.ppJ"o&imately 12 
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t•n •4--•• ~, in ~y stz,,._ wrk,: thia field 

w.ull -.ri-.1.ly ·be •l:l.gb,tly --.llv •· sine•• a laJ-ge pr-opo,rtioa 

.,. the n,h. t.mtto eritd1 
~. th• •l•m•de• in·e. direo­

tion parallel. to the 11mta of equipot.ntial. All it -. 
'::5' '. .. . . ,. '.. . 

· Jtdlnn a.bow, such _.,untation t-•~• that the tt•h·bo 
/1 . 
' · ol•.•~ ·t• ti. elfftrrie• tbui when~~. 

Whim tbtt -- •leo'irijffl ,,..._. placed l2 t•n apart in 

•t.r ;6 1•ht• «-,, the r••uJ.t.uc field•~• r•ai-• 
,· .ne&J,'i··. each •1-~ 1a 1dd.Ob 'bhe wltago gtadielit --.4H. 

6 · ffit• per inch &Ji4 aneti.r regt..on about 4 teet "1Q 111 

\fhtt;ih the gl"&dtem. _. lesa tbaa 0.2 Telt · ~• in.oh. to il'i­

... 6i\M the low #1t4ifllt iu the ~ ;.. a third •J.e--•• 
' . ' 

ot ti. ..._ ~ · •• adde4 at thi• pomt.· t:b was NWffle4 
, '';' 

tGJ.· one po:111 of .~ geneh.t_. whil• the • W'liidda •lAt:moa.a 

: wn 4.lQZlilected t• th$ oppoaite pele. ~ ~dditt• ot the 

~d el•~tte ottuaed .the ~ to increase -,.~. the 

•pactt, of the .~tt t.et 1111:b a NJeut~ dr•p ·~ tbit' 

·. Oi.Nui 'b 19'01 tage. · fbe i.4oo,.w&-~ pll,mt 'lli\:O tba M#ti• 

t~. ·.It•• able 'ho prOTJ.a the 4.5 a.,aps "'!uir•d _. 

· lt.tll M:bt~ .. the to't.al pot~ .at 135 va11-,. 

. the: tield ~c)dX10tul. 'b7 th9 tllree elecm-dta. •p~d ~ 

lhf.wm 11\ ~ .5• flle:te •• • oontinuouta'. aom 16 f'Mt 

lo=g &nil 3· f'ee't wide through ti. elee~• 1n which· tbt 

padlnt di4 not dr.-p below 0.5 wlt per lMh. . ·<bl. the otbor 

hfma. ttt. 4rop 1il pot.n'tie.l ~ ti. ceJntral electroct. 

d:14 --.4 5 mt• :var inch which appears much hig!wr tblui 

...,, to aheok wry --.ll t1ab. That -~ ot the field 
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ii• tb♦ htt -· ca•~. l>y ii~• lon .i. ... being in •t.r 

e tnohfl• ••ball...- .(,4 i•hlte). tla that. at the ether eleo­

'bl'"e4,••· 

nth: ln'broduqe,4 !ntt,. the. t1el4 •• aescnbed prev.louslr 
'.: . ' . ' ' . . . . 

'Wllr•. slu:aolrle4. at <the po!n:tir .b:ldioated. ~. Ftp• '• For tbie 
.·-. 

tmd ifbe .distano. *• the ,i.otn4e• 1fhetr• eaoh •a para­

ltMiit .. Again all i'iah wmt p,J?tJldi<:ular to the , ljJ'Jlja d 

equlp~ial except one. p~ ••1pte4 as »1, am1 
'. ! 

wm a.' SPEC!PJ!, SIZES, AND DlSi'AE'CES FROM 'fflm1!E ELLIPII­
CJL BtBCUOOIS At fflilCH PARAL11111 OOmmRED 

lte8,_.'btri.ty 2890 --• line '90ltag$ 135, ~ge 4.5 

IM'berd 
f19h 

l 

1 

1 

l 

t.-1 length 
(imhaa) 

~b-­
ele~octe 
(ir.lobea) 

as 
(27.-29) 

31 c~s,> 
22 

( ... ) 



ln •p1te Gt tJ'.te. taot 'tbat a m~h larger etteotiw field 

r••w.tecl fr• the ue of t-h9 th:lrd el•~•• the largttr 

filh (6.7 inche•• a~ge l~ph) bad to be brought cloaer. 

t4t ,the elff'R'>odea before tn.ey wr• :l.mmo'b111z•d• Tlle average 

diriu• troa the eleowocte• ._. 32 :lnohe•• whioh ir.t.diOelt.4 

that the etteotiw tul4 -.. approxiawly 18 teet wide. 

~ field UR• tha apparent adft21'ta.ge wuld be "fi'Ht 1>7 t-he 

nee4 ot an a4di:ld.0Ml ctn --.ber and a. genera~.- of geater 

uwren1; oapaotty. and thull• wsuall7 &Nater wight:. '?hi 

•~ tional an would be me4e4 to barull_e tba third •l...tr••• 

1a iibe &oat'Cb tor an eleetrod.e which would pro'ridAJ a 

w:t.ci.' fkl4 with c-.paraid:nly "8df01"Jl gra4U.eta i.11 •ter ef 

·~ dep-tha• twe oyliJldei-a: of 'bn.u aornn• 5 Ulehes in 

i1allleter by 18. :tnobila 1n lbgth, ,.... tea'ted.~ When pia.4 

6 mt apart· 1n water l4 iDobea °"P• tbay produced • . field. 

aa ehowA in Figure 4. the wtal wltag4t •• 130 velta u4 

1m.e IJlpd&p 1.~, l\llpB•• resulting in & powez- 4emattd that 

oow.cl 1- 8\lppl.1•4 bJ tbl amll gemtr&1'W. ft-, N HU. 

that the tielcl .... te:r tr• unitoni in tho ciUtributioa d 

tbt.eqtd.potential ll••• ff$1' the •1•ovodoe tbe grtuliot 

~ohe4 a high of a'.b-.t 9 vol ta per inohi while midwq 

M'bweea tbla the vol.tap er~ ns &till apprCIIXillately ODIi 

""'lt per i.noh. 2o tu si&la tM drop wa• ffllOh :mol'.'9 rapt4. 

4•.-e•ain.g t'Nm e.bou.t 5 -Nl ta per, in@. to lne 'blvm 0.2 

'fWl'li per inch. at a dieta:no. of ab-.• ~ feet from ime •1•-o-
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L 

,1 

h tuh ._., ,, teet iibt •tteoti" a-tteagth ot • 

tiA14 t.N. deaort.•4 .la ft.ble J, S.ept fer the ,_ . 

bl.Uittgll.18 as!gnaw~ • Ce• -11 ruh ,,... as uarly pel'pen-
~ ' . ' 

dl•'ll• w the li.'Aff fit.. •4Ulpotential a.a it ._. poaaib1e 

t. h•l.4 th-. 

tABLB ,. sncm. szzs. AIU) DDfAffilJ!$ ~ WltlClI PAML?SlS 
OOOTJRRBD m f!f& J'UU) PRODWED ff .ftt!tmRICAL 

IRASS ELEemODIS 

R••i•t~:rity 291JO --• Um 'V'l>ltage lJO, _,.._., 1.3 

Ci tn•eill 

ea· BlwtgU,3/ 

I\IQber 
. fiah 

1 

2 

1 

1 

2 

2 

!otal 1-ngt;h. . Di•ttmo• h• 
{Snohd) •l•ott'ode 

(~hiffJ) 

50 
( ... ) 

(J~) 

33 
(32~) 

.'4 
( ... ) 
a6 

(Zl,.JO) 

'' (2S..:;5) 

·~11-l 'bo0 1~• . ot t,q•po'll•ntW · 

~- •f.teoi;iw ti&ld ma&S\lr'ed \"ti th the test fish •---4 

to be J&rger tbt.t.n tba.t indioaud by 'the ple'hte.4 u .•••. Fob 
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awragiJlg 5.4 inoi.• 1n length •r• par&lJZed at an average 

ti--.n",of ,s !no»• tre. tha •1~••• Yet wima o,.....•4 

1d;b)l tile · tl,-.•• ~••--4 1n fai.'ble 1., -t• •tte~fl'I tieli 

6M1 nn .... _.ea,u1•bl7 tarp, t_. · tbii tiah ~h ,,_., 

.,.4 in teatiJig. t• ttret •teotr•• a,-.ra,-4 .mly 3.6 w•• 
1n le11gth ant wn 1h4,obtl a'b an t,ftrap ~ ♦f ·36 

inohN• 

Al • tui"ther teat, the oyllndrtaal bzua ••~ •l•o­

"~• weN pl.aN4 6 t•et apart· in •t•r ~ .. imbla• deei,. The 

~'bi&l ir._1n,e4 ati 1:,0 wl •• whlle the C111'1'1ftrb in4Nue4 

t•2•7a,•• Tffl,ff 'fllluea repe••-4 a~., load of 251 
•"-• .,_121 w1tbin ttie liJDiw ot the ;oo..w.tt Uilit. flit 

r•ul:~1Dg .fi•l4 •holl4 in PipM 5 ... llllOh . .-.1.1• -U.n tbat 
' . ' , 

proct .. , .. " ti. . ·-. •l•~··· in aba.11..- ----r. B•ct.uae 
' . 

thare .. _.4 'to be aueh a pod eernlat1on be.._ tbt plotw4 

ad ob..,,.4 ♦fte4'bi'ft fteldt• ne twther •~• •" •• 

tt ple1i peiattt at lrbloh ti•h b&ot.mta par&lfl•cl• 

fhe Wl'd el.-ue tem4 ._. ma4e en wooda ti-a.r.1 

e lnohta v J2 :i.Mltee. · Uoun4 ·-•h b.-ne -· -- 55 teet 

d lS..gauge pMap ... tt-'bNnlll• Wl.N. JQ '6 iMbea of water thay 

••a-.cl a t.l.•l« (Fi&UN 6) ot l\pprultbult.ly the ._... abe 

•• that of the oyU,auioal tnod-1. The grautiffl 'V'al"ied tre 

about 9 nlta ,-.. ish at the eleotrod• to approxiuttely 

0.2 T01t pei" §Mt, at e. distaxt.oe et 2.5 teri to ta side•• 

· thi• typti woulcl··appear w 'be ·•tteotiw only in exti:1•17 

t\llffow em-.- &ppl"«d.mately ta to £our tee't deep. 
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lleoiirou• oou11t1Dc et bn:11 · •aeellj 8 •••• per 

1.noh., ~ t.lte4 nut. Ea:c,h ,aa ade b7 ael.de:n11g the 

11.-.en to a lO-ineh· bt 2i•iaob. ~ of wom• ~. ·fbtt 

. eleowo4tt• and 'the ~••ul'tin& tiold are rab.-.a in Fi~ 1 • 

flle field pro4\1M4 'bt, the• •l•otl'o4o• appn.r-•4 ,J.-,et idtm.,;. 

ti.oal to that . aroated by the· 12-S..h bJ 26-aoh w:b'-e...woua« 

•leotr:-odea um• •ud.J.ar oon4it1on,;. 

tht teat• ot tbl!t .. "farioua ei.~ iA41oate4 that 'the 

l•&tart •fl••i• t1•1• are thON 111th thl fflON····W1itGftllv 

apaee4 Um:• ot e,q,d.powntial. fo produe euoh fi•ld!.'l, tbe 

•leow ... •lwt44 1-. lo:ngtJr t.n a horl.aontal· 41.reotioa. t-laa 

tt.y ~ high, .fm4 •beul.4 'be· u luge •• -. W ·oonftl'dent;l7 

hlmdle4 by tm opera-ttll"IJ. Tm, ahould rmt 1- •• i.~ t-blt. 

at. •~ 1ff4"!dn& c:a..__.., they 4n.w ••• ou.n-eat ilhUI 

the •g«llttrator ou. ·aupply ant •till maintain ·ti. rated. •l'-

•-• It may be r~red. tlat tm, ~ ~ outpu.t 

{watt.) fJt t. g1wa pmtft'bor ia a oo•tant• .,..1 t11 ti. 

rated Tel~p (nlta) tiae• the •tillUll ..,_n.ce {nperee). 

lt the ~agtt ia il10Nta••4 ~ the oapaoit-7 of ·tbC, 

~ra:t:91'• tbt Toltap dt't>pa prttponiona:tely. The ma'Xi•• 

•ta• &Pptal'•• -the., to bl Uaite4 by (l) tbi MMWen.hility 

ot the •lfflwodell• (2) vhl output; (•tte) of the geneNtor. 

(3) the •1•oill-ioal oonduotivity et the-~. (4) ta «.pth, 

amt (') ta, widt:h ot tbfl lltNul• Zn _...., d .. p a-tr-.. 

ot re1-1d,:vel:, l• reaiit1'9;1.ty., 118\llos- 11leowo4•• will o• 
Nquil'e4 than tho• ~4 1n 1'l.U1 lh9.llw atName of high 

Ntaini'Yi ... 



ll~~~ ot -tbtt , •l~t4~ur,-, ti•lf. 
F:~ l>r ~• ~• ..-:JIJtti ,-~~·.Xeo .. 
__ ._. -~- -~ '-fbb.)#.~hP,,~1i11MT• 
tit' ~o ..... 1!.lll votwij •• ~- li'f• 
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BaNcl on the intonation obtaille4 in this •tudJ'• ei.o­

tr..._ tor general atream •• wre ooneti-uetffd. fhq 

oena1•te4 ot 18-inoh 'bJ' 10-inoh bl'onze .. -tubi.Dg frames aro-4. 

eaoh ot lfflioh 1Ntff wouncl e.pprosbately 6o feet of 12-gauge 

ooppctl" win in verlioal 0011- (:Figure a). lit suba.quent 

tl'i&lA tb8M ele~ powd w be eJl'Ul-ely aati•t&ct4'1• 

Tbey -... light and. ea.q to mampuhte. yet the tield ._. 

♦f auttioi4lni; •u• an4 •v~h w paR!pe a -..n ajwity 

d the t:lah emou:trf;u-•4. 

It•• poi.tttJed «at ill the pNT.ieue eeeticm that an ap. 

~oxtate n,a.s•e et tbt nltage 4if"t.rence :nece•sary t~ 

pan..lyeie lld.ght be qbtai.Jwd tram the w.,tltrmbtatiOA ot th• 

.~l drop,.. UlOh a't the point•..,... pa.ralyaU 

c,oe~ Several in.._nigator1 law ut~d 'kbU 

q-.nttty t~ t:lah of vario• •iut $lid, spew.ea ...a.v dU• 

feNllt ~ ~titml• 

fhf> S"eaulte of two atu;ti•• iU.'fl· 11Ql!'th1' of now. &l.lff, 

o1u4 by Sohi...- lUUl l'lulllln:,rg (1939)., ats:k4 that a 

Maul-~ ~ of e.o ,qlt1 A. c,. woul.4 paral,-e 

...... 'tlal.atltf.4- ad l • .4 'ftl'U A. c. ww.4 amoblli&e ••' 

•tb•i- ape•l•• ill watu a-t a zt•aiet.i9:Lty ol lq. olaa per oenti• 

~ OUN at ~o. 
MoUilln (19'<)) Na.lia•4 tba.'t the etteot ot re•iet:1 vtty 

•• 11ot oonnan1. throqhouiI a w1• nmgt of water re11•­

tivit:i.ea anct pl"Opi)Md the toll01lhtg toaula te obtain the 
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•·· 1,10:-, 

whe~• . g. • wltage 4r-, --•~ tv plftl.yeia e,tpl"ailed 

u Yolta pe 1nch of ••r 
. W • • oernctt.a tanot- tor •• ne'9tiT1V 

.L • fork length ;1A S.hn 

.. ~ .i .. t4c w at .rt.- re•il:tifl:t.1-• ,re .. nte4 m 
' ' ' . ' 

fJbl• · 14. haw .-.. ..ura4 fl'• thl date. til Kdillaa .-... 

aJ;N.-4 1-eal.ti'ri.U.1 1- ._ ~ -1)t•· Wb··•'b •s,•:,• ,··JINm. 

tht tig'llNI ill i'able l.. it ia p•$1ble t. ~• \be V♦lt-

.. ._ gta4tema ,-. S.b 1u -. .-. anc1 the hM4,..,-..tau 
'V"Oltag11 ... ..., f.or, p&ftljtia ., fiah 'by eubdituU.ea Sn. 

. ' . 
tbe pNr9'4o• t~ • 

. lA:SLi 4. OomtEtnIOI FA~OJl.. W,, · POI. VWOlB WADR 
mm,mns 

M4tllfl.•4 tr• lloBlltt.n (1930) 
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·a.. 1'4aaulte ot ti- meatutemem•. or. the w11-.,. gn. ... 

zieoeaaary ti:Jr pan.lflla'aae·wt~htm thi'Ge el~ode 

~-nt• .,-.. pJie•nbe-4 h1 fablo ;, to 1• A.1th~ the 

oedt'tifftl& ohl.4 not 1» •• oarefully eontnlled and ti. 

.. .,..~. -.r• probably not•• pnot•• a.a inJJ!oMillan'• 

lal)orata-7 .. ~.. I beline ti. •l•• 'k ._ rea•--

ablJ a.o••••• 
IABLI 5• APPAJUmf F.AlW..1818 CIU.l)Iffl JIIfif fS two BLLIHI­

CAL 1U,EOfflOD1B SBaDI DI PltiOU 2 

Re•S..'bi'rit,- 2890 ••• U. vel:ta• U:5. -.ft.&'9 1.7 

(Jana- d ftlun gt'ftm ta~•--) 

4.S 0-4 1.a 
( ... ) c ... > 

4.S 0.1 3.2 
( .... ) ( ... ) 

,.s o., 1.1 
(~.6) (l.W.1) 

0 11.Uttgill 2 a., 0.1 1.7 
{o.;..o.1) (1.3-2.0) 

e.s 0.9 2., 
( .... ) ( ... ) 

4.3 o.:, 1.:, 
(0.2-oJ+) (0.,-1.7) 

~a).lel i~ --· · 1tQN ·~ ~utp•;~ ' 
flit gft.4.iat• in ••lta par inob wn 4-i:end.tiad ts-a 

thff total 'V'Oltage ch-op between ~oent 11-e ot equt.peten .. 

tie.l P4 fr• th••• f'iguret the Mad-t..,tail ~a.lysia 



•l•p •• 04\l.OUlat.4. fiJt paralyti• pa41ent, ta w11; 

,. ,- moh ~. tT• o.,s ,._ · o.;a. Suoh .-!au. !a to • 

tt¥-ote4 tblN· tne •011~ ot thit ·..i-. 1a dew~« bT 

t.ba a1w and .-tet.a'tlon et tbJ f'i•h .S.th napeoiJ to the 

lbw• ot eq1.d.pmJzrbial._ fbt head-to.-1-ll paRlylri.e gta4ie#t •t ·w.17 o.,_14ffably with indi'YldtalJJ•· ttpecie11Jc1 t.ni •te1' 

"•111)1n~. Tta. ~iwm in tM • .._e;e ftlue• obtdJle4. 

1.89 to 2.09 ••1t•• •7 baw bMll ~cl 'b1' om or a.­

QI the toll""1ng oouithmt (1) tilt aoolU'lll~7 of the 

_ _..,...4 ~-- u b10IID. to· ·va:t¥ ~o'bly wi'bb. tbct •g­

~~ <>f trut· ·~nt. .(2) Al;1 fiah _,.. ~ ezpoaed. tct 

g1..-. gn.4ienu tor • wit_.. length ot <ti1e be,t•• ,-.alpu 

ooourNA. (3) fhe direoticm at tbtt fiah With r••P"t to tllll 

U.• ot -..,~ •• utr a.lftJa o.-~. (id Xtldl.• 

'd«..11 an4 lpttolff ay ·wry great~ ill ~hei.t' llilceptibility'• 

ff .._1,._... t. •leot;ri•l •h:ffk. 

1a1 apt._ of thelt' ~ti••· the pu--11'i• pad:1enbl 

wld.eth l de~ , .. N ta•n.'bly wit,b Neul.U obte.:u.4 

bJ' Jldallt.a-. tTe thawed. tbat 1n •tm- ot apr,r~ly eq;al 

t••Ut11'1'7 (2400 •• p,,r eu.bio oentt.t.r. ~d to 

a,•c) t. h•ct..--•u (t.-lc l•~h) dittw ... ot 1 .. 8 nltll 

-· .... ~, - iimnobillle l"dnb• weut t.Dd JdJtg sablou, 

although he ta1l•4 to meatiOtl the orientation of illut fiah 

,d:kh ret1ptot to the equiJo'4hltul. u.., aa a taotOI" b a.. 

~ the apttude .of the ~A .grad1ent. 
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tdLB ,. APPAB.tf.l PAR.ALlll& QRAl)J'.Eln ·OF. nsms Ili THE. RLIO­
.' Dl'OAi FlltD 'CJF '11m f1lm1i ~ICA.L EIBOWOl»J& 

$H4Jm IN FlOOb J 

ltu1111d.rity 1890. ••, Uu w1-._, 1J5,, ~- 4.S 
'' l , . ' ' 

».bel" total 
et ~h 

11th (Saabe•) 

11.0 

14.2 

:,.o 

D ~ 2 4.2 

,., 

9.s 

9-S 

6.7 

Par'Alpia gn.tid 
·· {••lilt) 

Per i'IMJh. &d-~o-t.ail 

o.~ e.al-1 
( ... J ( ... ) 
o.ell e.sV 

( ... ) { ... ) 
0.5 

(O.lt,.o.5) 
1., 

(l.4-1.6) 

0.4 1.6 
co.,.o.4) (1.,..i.7} 

o.6 J-1. 
( .... ) (oe) 

o.al" 1.fV 
( ... ) ( ... ) 
o.; 2.9 

{ ... ) ( . .,..) 
o.;s LO, 

1'.,~;.-_~ •1•• ~btoe .the . ti•h ~ ·· o~14e .· the ',iottet · 
:u. •• 

~llel to the lwa td ttqld.p~Wt au •-tn•• pv,-. 
Mou.iar. 



$.t;i 1 • . APPAJmlff :?.AJ.ltD JD , aaAl>Iffl Ytt!lt CfLllDlttCAt. 3~ 
ltmOftomfi 

Re•ini'd.t)r 2950 obm-.t l1ile Yolta- 130• -,en.e,, 1.J 

(Ruge ·flt •l•• &1•• la parentmtatea) 

..... !..-1 
et 1epb 

ftl-h (inebit•) 

1 Ja.o 

a h.8 

a ,.9 

l ,.a 

1 5.5 

2 5.0 

4-4 

Pan~ gradim 
(~ta) 

,-.. bloh: ~~-u 

.0.1~ 1.tW 
( .... ) ( ... ) 
c,J.t. 1.9 

(0.3-0.5) ci.w.4> 
0.5 1.s 

(0-4-0.S) (1.&.a.o) 

o .. I.. 2 •. , 
( ... ) ( ... ) 
O,J 

{ ... ) 1.1 
( ... ) 

o., J.o co.~.e> (a.o-4..0) 

0.4 1.e 
(0.:,.-0.5) (1.;.4.e) 

2,,rn 
w. ~.,i.te4 ,al.u, ,i.,. ~- filh. waa •ttbaid• th• 1)1-4 ' , 

ti•ltl 1rNtn iare.l'J'l•4• 
~aliel 'tie thil limts r4 •quip-~tw. 



--

A lHlt :bl tlblt •.-r and ,rtoiaitn. et -.lutf!b8-• in 

tl'Mt »-' .... ·.nuq. -· .;l.i; .~i-1 to -~ ... ~;n, ... 

•l.ne.tiost. ol tho, Mtt~kl Tolt.ge drop req~M, b7 

•ff•:le•· Uthough ··••l. oblern;ti••· both by the WPiWt' 

.- by ethera_. Ne 'ho lnti.a:te that a al~ 41t:fttff!'1M 

4"• exlst. BUEii' (1932) reprie4 that 1:Q Louislua 'V'oltagelJ 

(100 ~ J.µ)O wlte) wh!.oh _,. t"llte1 to gar pike only artunned 

..ii._. ft•••, S~»J arar1 !Ilaburg (1939) listed 

tllll,, paralyaia gntienta tor trout (2.0 TOlw) ·and mm•troub 

Ip•~• (1.4 volts). Smol1em {English ~1atia by l!olnlt• 

1948b) ut.4 td.11rt1-.r Speo1fl,o 41.tt•r•nc&• .bl •·-•ptibil!;b7 

to •l•~ooet• · 'llh1ob he b4Jl1...-.4 ...,.. cliffotl.y propo....,. 

' ttonal. t• tlw ~. ~ of the ap•oid• S:m!th u-4 

IJJa (1950) mnt•4 tlittennoee tn ca:tobabillt,' (•l•~o­

tit~) betntm •peote•• but they 1-litJv44 that· ••h ftrla­

titn •• .- oloa•ly a..--0•utect d1;h bald..te et the •,-es.. 
than wt.th .~ afteHacee in ieun tirtty t• •1-etx-iottJ• 

~-- of OollH'bio:a. Pert~ of A. c • 
.. ». a. s~• 

b NU.abt.J.tif ·t/Jt the "ark-a.nd..reoff81'7tt .-thot of 

~ popula~i• ••t1atn ~. ~ other tlt1ngs. 

«1 th• proportin et· -.rJra4 fish in tM tat.al pepulati~ 

1.iht bight~ it 1•• the batter. A• llffltioned Gal'lier,. the 

alteri.tug-o.-ra;b lllhoob~ •• 1t poasible • in lotnG ai:t.-

1#!.Gnl at leaet. ile no:Oftzt a •ua.ble pG?rbiozt of the t.1-1 



tie prea•n'b~ · !.-b 1n .-!ft or i-tdly nter 'the et&ienq 

appureA. 'ho · de~a$8 •17 -.rlcedl.Tt Many ~• haW •• 

prtttlsed ·1me eptnion -t;}tat. ~et c:UJTd• berio.uae of its power 

·td avttao'b:ing t!sh - the poeitiw •htottodtt_. wo\lld yiel4 

better i-~ 1n auoh oonditiona. 

· Althou.gtl 4¼:reot ourrfftit baa · been wid&ly' used in ~ope 

•~ 1926 in tbct: col~ ot tuh ~ .. o.-roial M4 

leientitle ~°"•• · f.t• &n i-ep.ene4 u.ao in ~ America 

•• -~ by ~r in 1949a a• pre'f'iGual.y indlcawa. 

Alao, · •~ ti. a~ d 191+9. Phillip ~· ~ ~ct 

S••• ••• M-.ral ~atiom al his ttlnc~ uatt 

q 'f'diou ~.· an4· pt'orinoul 11 • ..,, offlcitll• on thU 

1a1mtin.fml~ F.ilowlng tbelt ~ttti.-.., diNJ:e~__.Nmt 

. $l,;,,*n •~.1-oome t•--..in&lY ~bi~ Am&rioan 

~,-ps1at1• ~••• ._,,,_. all worimra • haw 

ltlecl'tb.!a:·~ ve ffin Ul·a~-. Ule· t'e~inJ obtatmu. 

h.yneJ- (1949) clat.aa a •upenor pet"fonanee by n. c. 

~ A, e. • •~oial.17 tn i,a.pl4 lUl4 imPbid ... ,.. Nc&llQ of 

the 1•~ o.t the !'iab. to the optft'bol'7 • Hie apparain$ 

o~4 ·~ • S,0.To1t. 2500-•tt• n. e. .-ratw, a 

16.u.,.h 'b1 ,O.!.neh piece ot e~ •~ -1eth •• the 

Mptt.- •lMWodtt, a.ncl twl/J dig ••• ft.eh tiu-•de4 with 

_,,.. 1d.ft• :at ,_ pu:L ti..,. eaotro4N., 

'-1th am Elaoa (19,0) toum aa a~ge 1n the u• ot 

~ Woll n.. c. ehc,cbr (pW!'Ohued 'by thl P.t•beriea leae-.roh 

BoPtl ~ C•dil) la t&ld.ng emt.llet' tt•h am in r•onng 110 

&• h;,tdt.ng place•• rho Wolf unit •lll'Plied a. atdffle 
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ou.t'Nnt ot abeut , t.fflP• at sso··v<tti:a,. ur- a _p-,. output ;:,,f 

.1250 •ttt• .·1':htt· •le~ ~• 41ft~cl t.re that et 

ltlq.n&t tn 1tbat the poeitt.,. -eiatotr:edea •H · ~1 #ifs cm 

. ~te4 hemtU.••• Sot.p ntti •• 'UGd. to, r•~ the 

~4tiah•ftra·tcnt, •W• 
W~'b•W (.19'()} i-ep~d Qft.n11Utly unutu,lt1e~ tew" 

with 41":-11 ·~· u' -~ to -~ tht .mo·te-, 
-• ,L,t. .. ....__ ~--•·· · .,.. _. ....... ~ ,._ -11-· ~..-a Jfn .. y...-,- . t..c~ •• 
9,1.·. -~11\1 ~9 •.J ,r- ~ ~'"Va9 .JiQ Ta. . t;, . . . j . . - •· fl«fj# ~ 

he ~4 - (pW,,•-1 ~tt-.},; the npierilllt:o.t •• 

.... ,,... ·~Uy ... '.a. ... matntt• ett·· ·~ an --•ti•' 
•-• fht• ~-t· •~lie4 'by tt..· 23~c»1t., S,00--.tt., »., o. 

-•~ 'Wa&! •~4 to· . .._ •wr 1.,y iltiP> type• ot eleo­

_.,. • • ~- -•e•iat.4 of two. ~ld. 19-bleh · sheet. 

Al.~ ,a441M•· -the ether a #~ a,-.- itl wbltll thf 

•ptt..- p.1e .... C01'1taot C th tluJ ~ Gi1ih•~ 'bv 1r-. 

___, W.· bldl, •· W bare,. •ightet ~• 4-~ en tbl 

bf~ 1,t • it.t~ntJS· -~- cf 11le~, bu. -~- u•ll by 

Web•r~ l'ffulta •~ •• ~- iJlpt'.w4• tw wt.• tw 

Al-1n• plate• •• uaet u •l•ov.au._ • hip )i"•.U-.. iii 

\ndlt .1JP· in . ._. pla- wh!eb #9.tly- ffd.-..e the outt.nt tlow 

and *" ct• ♦tteotiff •~ ~- aet...__. and 

~, (1~9) ~ut•t · 4\tt ~t ~ .-.au11m are •uall.7 
•1.rtit.i.•t1 when .- tl~• 1• ,:,o_,.,, ·a.n4_ ~lai.Dttd that 

thlt.tttltl .11 mae wak.et- ~-- oo.undi.ng ••• ·1t to bt 

••~4 ·M ·over.a 1:arp &r♦a. 

·.!be. Pet.tiw •ttio:li!tnce--y ot tbl.t t:we muta cmnently mu 

l>f the Kt.ohipn_lnGtl'tntw ttlt' nebert.• R•--~eb •• 
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.._. .. 4 d:tD"i.ng the SUl1'i89J" of 19)() in a limitd nUllber of 

Viall 1n SpJ"ing Brm, Ka~•· c~. and tn Wilder 

Cr-•.it, Oalhom COUD.ty • 

. .,_. atua, .. crbtcma .kl s,nn.g BJ>eok •r• 'blooke4 by 

•-- ot •1-• •upported by ohiola,n wir♦ and iron fenoe 

poe-ta driffll mt. the ltreaa ~. Rooke and gttavel wee 

pilet • 1'htt bo"8 ot 'bbl .-s-11 to px-.vent •slung out. 

DNdgtq eperati.em in ffl.lder CNek ade it tapeeeible t• 

mdi\1:iabl a bloold.ng ,.me witheut oeatallil e~ t• thla 

~- • looo.feet •etJ.an, 4lpeJ1 at 'boilh emta. •• used. lt 

-.. btlit'fed tat ·&11:1 •nor ca.uafld by &-ivt,ng ti.ah out ot 

the Wlblookac1. area 1ffAIW be ldnhd"4 by tie $\lbtltantial 

l•n&th et tm not:lcm.. '1.1r'tber, iii ba.4 been repeatedly •'b• 
...,,..._ that tiah wuld. be dri'flJn only •hot-t dis'trwoes ahead. 

ot tbe eleotr.-a be£_. they would turn and ~ th• el•o­

_.1-,. tS-14.. Alttu.rugh the oonditi.,. -.re no'ti etrie-blJ 

o~ble ill the two wa-terooursea, tbs err_. tntrodue.d by 

uelq • 'QJ!lbluked aeotion of~•• judgetl irulignil:lcant 

• tJw ••i• ot ~ien.oe. 

'!be. pyei•1 and oh81J.oal obaracteristies ot both Spring 

kook Ud. Wilcl.el" O:nek ~ •uoh itbat ele•trical ftah thookeN 

•hould provide •tilt~ .-eaul.ta. lha-t.ng the tblll of th-e 

tsptl'iant, the to1-l h~N qf !i!tach •• Within Q35 to g'/0 

P•P.._, aa calois ovbom.te, whU.a tbe l"f-«dati"'dty r-.1ne• 

'bt-.a 1880 entl 2280 ._~cubic centimeter• co:&'T$0'ted 

to a,•c.. 
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~ upper Notlcm. c Sprmg Breok -· 500 tEitet lcmgJ 

it an,._gq 12.3 teet Sr& wJ.dtb u4 2 f«,ei; in d.ep1;h.. fileN 

,..Pe • 4Np pool•• the •ter •• w111 oleU am eln­

UY!rlg. !ht 1...-, ,oo-fioot etreteh averaged 12.1 feet 1n 

...U.th an4 1.5 teat 1n cleptb. ~. was .one pool 3 feet 

deep. the water · •• much nr.ttter in th!a uaa than in the 

upa~ one, making reoc~ .of tieh NNJ d.iftiew. t. 1'he 

1000-f oot ~ aeotion eit WUder Ct-eek awraged. 14.2 feet 

1D Width .ana. 2 feet in depth. 

. h alten.111:ting c...-re~ •• supplil!Jd by a p4'l"table 

$00..tt generatN" •1~ 65 po\JQde (trniveru.l. llewr 

... o~. Oebkoth, .'Wise-..m). . The. i:ft. ban4-be14 eleotroa.. 

. ~l.oyetl wtre of the aP-purpue 'b1P$ (Figure 8) •. 

Zw· cJU•~ powet'· •• ~bed b,- a 2,;o-v.1-1. 

2500..,tt,. ga.aol1--driven generator•. tho total •ight ot 

.which._. 135 p•vna (the: ll.GJ111lite eorperat:ion. P-ort Che•ter• 

New 'J.-k). A •beet cf ••p}l&r, ap~tely .14 inchits b7 

fJ fHt amt mounted on the bott. .&f 'the boat ueed to float 
• 

'the eheoket'• sened aa t:he.••gatt• eleotrode. fhe. t,;o ba.lut­

be.14 poaiid.w eleotl-Cldtt$ ~U'te4 or wooden ba.ndles on eaoh 

flit 'Whtoh -·. b&l-4. a ~h. bf 12-lneh loop Gf 1/4-inoh 

octppe:r tubing.. to tb!e ~k 12v&auge cepp.,r ~ •• 

aol~d. to t-ona • gr14 t>f 1-1/2-:uiob .square,. i'he eotupl•te4 

electrode naembled a loag.ban4l"-•, ooarce-••bed te»nie 

:Ill opera:tioa~ the generator •• placed m a shallow .. 

tln.Ught plywoed boa't awl trned 'behi!ld. the two opt)rater• 
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(Figure 8)•· The st'lm.!le4 f# tnaobll-.zed fiah wr-e oolle~4 

with •e-.p nett e.n4 plao-4 in a tub ot water in ti'le- boa-t. 

At freque;nt interval•• the ca.ptuN4 fiah wre. a.nMstheti••d. 

with l1r.-thanfl in a~ &U4h at tbat described by Gei--ld.ng 

(1~9'b) .e.nd •:t• a.r'Jmi. by c).S.ppuag •<>ff a part of a fin. 

tb»;y wt.re nJtuntt,4 irl!m$diatel7 to · the wat••· Two shockulg 

~ -were 1t'.lade with each unit m · ee.oll study a,,otion~ with 

ti. ~tton t/Jf t~ one on Wil~r ~k. &re the •w" 
'1$.$ •too muddy tor sat.iataoifoey rnul:ts with alternating Our• 

nnt., • ~ in~ betM.een l'U%UJ •• apt ~n 6 s.n4, 2lt. 

hotU"liU, ftaff · lud.h 'tllh"e · set to red.UN po&si'ble erro.n 

. :ra1ul ting .~ (1) a:btftq:rts to reca-p~ i'ieh whieh bad. not 

tully :NlGO\l'flHd from ~lier el"trical sb.oolc. (2) the re­

~1 ·al f'i1h · ffl1t the · notictle by fisb&r#n., a.net (3) lqe~ 

o'r pine bf migreltiO!l ·into and . out of the unblocked. teotte. 

Qt WUdtJJ:1' Creek. It 14 bttlieffd that no ngnit1-.nt ffl"OJ! 

result.a. h'can these oaua••• 

!he,· pi r~tage 1'80~ cf ilVilrked fish by Uldivi®-1 

~let 1n all ir&ationl ~i¢,d gnatly vr.ltb ihooken (Table 

8).. Suoh gnat 'Oariation no doubt waa eaued lfl~&filf b; 

·atfttr«mue in t1z• of .fish and ea• of eaptm-•• ·B&oauq 

$l!'l&l1«t apeei9JUI :attt on11 require 1."'ektively ati-Ollgttr tielcl 

·1ntautty tor paralyaU_. but alao ai-e more dift'ioult to '". 

-4 reoovel" than·~ tt. 1-.~~ specimm.UI • the oo:mparatively 

blgh rriUl"Jl Qf trout oan be &ttribut(Jd. . largely to eize .. ti. 

ajorit, en,Otltm.te.red of all ilhNe ape~d.•e •re ot le•l 

length. 



TAt,!.B ~ !HE TMJ.J~ llJDER MD P8RCEh'TAGE OF nsu RECO"VmmD ?i"!T.t! A~ o. }lID D. C. FISH SHt.JOKERS IN S_PRDIG 
MOOK Arm WILDER OR~E!t 

------------------------------------------------------------------------------------

Location 
and da:tc• 

Spring Brock 
Lower ••otion 

Specotea 

Bron. troub 
.Rainbow troub 

June 5-7. 195-? Bl"ook trout 
Whit. suo:kflo 

D I R E O T O U R lt· E B f 
1-.'iiir 
-.rk»c1 l'aber reeo'ftr•4 Pierceat 
fish ™4 l1iiimilkia no-OTery 
pr&eent 

49 26 11 53.1 
17 ll 6 ~--1 
2 2 0 100.0 

••• .... •·•·• • •• 
Seul~ia j 0 :H o.o 

:: i2 : :@;-~ 
.... IC - :·: ::!iflA.L : :· : . :: : . 
Sprbg Brook Eron trout 4; 21 31 48.a 

Upper eection Rainbow trou'b 18 11 6 61.1 · 
June 6-7. 1950 White aoo.lolr ll 6 4 54.5 

Bla oboD dace 15 5 17 33.3 
Scul~in 22 

:. 4;: = ~ 9.1 
i§J ::m:1· : Jg.::: 

Wilder cree!W Braum. trout ;7 18 14 48.7 
June 12-1~. Bain.bow trout 16 12 7 75.0 

1950 Brook trout ' l l 33.3 
hdld.nnow 128 6 112 4.7 
White •ucnr l 0 2 o.o 
Creek chub l 0 0 o.r 

0 

ALTERliA1'IliG C.URB.Blif r.&n- - ·-
JOark.a limber reoonNCl ~rmtat 
tiah JJarked U!lll&l"nl no~ry 
pre-----

35 10 4 28.6 
5 4 2 so.o 
1 l 0 100.0 _ 
0 0 2 o.o 

11 0 l o.o 
: $¢ l5 : 9 . 2~-!::: 

57 20 16 35.1 
21 6 s 28.6 
25 13 6 52.0 
9 6 2' ih.7 

22 2 7§: 9.1 
12.4 4t ::::,~.J: _ ... 

' 

So~fAi- , : : 
39 :~ : ...• )7 

~ o.o 
- · 112 - · "'io.Ii · · w~......,~-

ij[dl'tli.~-.- ~<II 

ilder Creek 1nuit ■o ro1ly- that the tew f'1ah talmn with A. o. in the first ■hoak:lng did aot warrant a s,eeond 
trip. 

g 
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1n the 1.-.r, nttter aeoti011 cm Spring Brook, 44•8 

pel"oat ot tbt to'tal ~ ot ti.ab 'll8ff re't-1asn with the 

diroot-ourNnt unit, wlwffae GDly 28.S pereent were :re«>Y;. 

encl with the altei-n&'bing•OUl'NQ •booker. fhe dittenntial 

in ct.t'fioienoy ia 64.J p&roent. 1n favor of ti. di.Not .. 

~ent aggi-egate. 

In the alower. uppm- section ot Spr-ing Brook, the 

ad'fttltage of D. c. over A. c. •• not so notiOQbl•• The 

alter.ta ting-ounent reco'98ry (36.1 p, roent) -.s 35 .2 per ... 

cent of the direot-e~ tig'Ul'e (41.2 percent). 

fbe rate11 at whioh I reeovared J.U'ked fish are lfJU 

than thote reported by certain other 'lltO.rDN ( 83 to 89 

peroent• Smi'bh and Elaon. 1950, 50 to 95 per~, SohueJit. 

fll oitecl bf El#ou., 19.,0). lb •houl.ci be pointed out, th-.t 

the popul&UOl'le ua194 by 1f.WJ •re larpl;y oompoa•d of very 

.-11 i'ieb, mflZ1Y of whi.•h ,_.. ·taken in a-wli't awr where 

it 11 diftiew.t to aee And. oapture the:ln.. Th• proeeaur• fol• 

1-.d _. tn. sa.u a, that ua•ci bl maki:ng population 

••~-• 111 wbioh no eoacentra:tsd ei't-or-t •• nu!le to obtain 

a high percentage 0£ au the fun pMeent. 

In apiw of the ~vorahle conditions in Wilder CretJk 

'lffiioh made use of th• alt•rnatillg~nt unit impractioe.l, 

• total l'♦COffJ'7 ot 16.4 p&-roent of the 1111U"ked fieh of all 

Qe4U8 •• obta.ined with direot current. Tl:lG aven.g• 

no""'-'1 ot trout (all apeoiea com.billed) of 55.5 pei-eent in 

t:ht mudq nter ocapa"a very lavora'blf with th• alternatiag. 

._.nnt WfMi reooveq ot 34-9 pe7cont in both aeetions of 



SpftD& Drook. · Although these trial• •r• lilli'ted, tpeJ' do 

1Dd1oatethat. of the. two. ehoclati-• &9eoribed• the cllftoii• 
' , , , , , l' : I •.· ' ·, . , • • ., 

oun•nt •••Mne. ••· JupfflOI" u.e.11 e1tat1ou •noot.m.t.nc1. 

· a.t.rtr1 that do. m,t. i'Adi,oate; tllat popula1)1on ••tuate• 
.. madt: 'W.:tiih thu un.1, .... mar• NUA'bl•• 

an. ·rd. the pri.noipu. objeotiaa to the un ot eleO'Gri­

. •1 tb®lrffl •~ ~tn1ng. population eett.1- ha• ·btmt the 

• nlati:ru11 high tt•h morialJt, rep~d b)' •at woras-a 
' .. - . . , 

(lfauok. 19491 ~W&• unpublie•d)• Suth ~llty •-­

to 1- .ot 'ffl!IQ. tr,pea.1 (1) ianwta.neoua,. whe.-. the •h~d 

tic die. ~th4;,U'.b i-eoo,e.riag ... otOUil\#1•· -.nd (2) del~•• 
' . ' . 

whve. tba•.t'ut. appeal'" to ~1" out cU• in• tew daJI.- pr .. 

aua'bl7 .·--. .. ~· •••4 by &1Ato1rt•l ahcok and/_. 

Mm\ljng~ 

•"• (1~9) .4-.,.il:rff a 26 pel"Oent •~« mona11tJ' 

in tha ,. ••• of- large raillbol, 'hrout (a1"tr'age •1ght. ;.7 

P•••> ,._ .. Idaho iffla,atton oana1. &rldag (,. ... om1 

f__,,i•W.on). irlb.1111 expe~ work, not:lotd an &pJU"• 

•:rxbl.1 •'bdl•~ -.rtalli;J' uaoag 'll>luegUl QC! ,,..._ &ttmf':labe••· 

ti .such ~it, 111 •-• h.4 U the --- ot sw,h 

l•_. ie not JcMwn. 'bben the •l• of the ahoolcel'" in •ld•& 

••rltl•w• (If the total popula'tita will M r•duced.. 

I -,..bHtatM to d♦te~ the ~ of mort&li:ty 

•-• 'bJ· 'both alt.~tng am tireo<t ourr•t durbg th$ 
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lllilllner ot 19')0 at 'bhe ~ ~b-etati• ot the: Wolf t.bt 

S'batt f:ls:.h liat:oMl'J'• 1~ h~ and• titw 1egal .. s.:lze4 (7 

lnohff oJ' more in to1-1 l•nrth) brook• bl"O'l'4,. and ntnboW 

trout, "'1JNI UfJ&<l 1n tlit upei-1-n.t. F.ttty et. each speciee 

W\JN l!llrlmd by r~ th• anal fin. They wen bald in an 

alt•~tf.ng•CU!'Ntnt tield tar 15 POOl14a, one too-t from the 

nearest eleotPoda. An additional ;o el .._.ll s,-o1••• t1J:1.­

Ql1pped by Nffl\l'JVal of th«:t dip-. fin. were lbooke4 tor 15 

S$'00lldS nth direct eutT~. Again the7 .,..._, plaoe4 ._ 

to@ from the •l•otroa.. A 'fiwt4 group ~· ·?() ·JJ>f eath IP'ei• 

es bpi; tot> eontrolll ttwr having been 1DlU"l9d by zwio"fUlg 

t• tonal tin. ~ ftJ'lJ hrmdled 1n 'the ._ in&l'lJlfifr a• ...-. 

th, otl'srs 14th the exception that they ~ not ~•4 to elec,. 

"irl-1 ahock. 

!)w. 'brook tr-out affftged 9.9 ini,hes in t0tal lengt)l. 

the 'brmm trout 7.7 inches. Md tht¥ rainbow trffllt 7.5 b.ll-.. 
The two gr,oups •n ehockff. a, 4eauibe4, on May .31« ,,_ 

19, and again on July 6 whlta the ~b\fitnt •s wi"mina-4. 

n.~~u:,. npoStl.'!'el!f to trhottk• the three &T"<>upff •"' randal.7 

m.ued ad plaeed :bi i;\m l"aOfflll!LYI which were OO"i18l"H with w.tN• 

to pl't1vent d♦pl'•dat!one, by tillh-u.ting Mr•. 1b,9. nab •re 

seillttd h'om 'the pools in ~r to 8ep$ftU the three g,oupe 

prior to shooldng. llateheey pe~aomel Viaiwd the pool• 

daily $0 teed the t1eh an4 to find.• ~ove, and record &'117 

d-.tl ll!)8 o~ • 

the phyaiftl and oh•ioal e•ndi:titm.s of the water e.pw 

pe~r•d to be _,.11 Witllin the lbd.te ~d neaeaaary fc,r god 



retul:ts w1 th the a hooker. .._eu,t.temanta Sele OX). !Jiay ,1 flll4 

Jum, 19 !nclieatecl tht.t the r•elstl"ri'tJ' •• appr~~ly 3a50 

ohms per c,ub:lf:I cent1metff at a,•c. • ,._ plt waa a.o. and tbtt 

11lfRh1l oran~ allra1tnt't1 ._. l4o p.p.--., qprea1.t u Aloi• 

oarbolate. 

~ £1•h urbt.li't;J' ea.used b1' eleetrloal ahock e:D4./or 

~l:t.ng 'tum.eel ou1) to be both of th♦ wtantanti)ous ~ •• 

1_,.4 kindl (fabw 9h All of the 1, fl.eh ldlleti at OM• bad 

beeJ1 l•tt in 'bbl •leO'Vloal field lonasr than 'the pre••tbed 

,-tod• these ti.ah ••oapf)4 tr• ·ti. ec -.p net• in lhlch tbef 

,..,. •me h914 am w:re lost trca vt• in the •tar tt1ubt 

t'Ql"b14 by th• eeudng opera.ttoa. Aa 1. l"tlsultt they l.-7 on 

the. ktt-. diNtotly ~ the eleotrode .f~ ~l ·~ 

~oru thetf .__.. found ·.atl.4 r__,,..d. 

J>urs».g tha eouz-1te ot the exp~11. cooperating ha'toh,.,. 

•'117 ~~1 toumt sis tlah which bad died. Bu't at tba 

~ticm ot the tens an a.ffltional e, fish n:ra not re ... 

oown4. It appeva ·tm"t then tt•h were tai.n by two ~ 

with ttshtng pol•• who_,.., oha.a.d trcm the· pool• on thA!t 

!11gb.i; ot J..- a. !hen IS fiah eJte, '\heretf~. exoluW 

&era tlle ~ on 'be •••~tiott tbtlt their loss -.. 4W\l t-o 

_.l.ism. and ~ to ti. esp&r.tmente.l ~tmen'b. 

fh• flgtll"(Jd ehow imat ot the corn~ nun°b$J.W ot 275 

thh $hooke4, 6.5 percent (18 fieh) wae ld:J.le4. ~11'1 

•••« bf· al:term.tuAg ..-rem •• 11.2. pel"Gellt (15 tro\t'b)t 

-that oa.uuct by atreot ournnt •• 2.0 per•no (3 tiah). 

Total imrtanw.meus mortality uio~cl to 4.4 percent. tm, 
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fill.B 9. COlilPARJSO.N 01 1lt$unANEem AD DaLAYED MCR:fALttIJ/8 II 
ft1BD SPEOIIS OF mom SUBJ'SOnI) TO ELECfIUCAL 

snomr MID RA?mLIWG 

lnmnte.neoUfl 
. . •ra:11v .. 

0-ozlvol · · 0 

C~o1 

.... c. 

». c .• 

l 

0 

0 

' 0 

0 0 

0 ·. 0 

0 w 
4 0 

0 0 

0 

l 
(7}'' 
0 

0 
(l) 
0 

0 

0 0 so Lt> 
(4) 
e 0 

{10) (2) 
2 1 

4' 36 
50 47 

(l} (2) 

0 0 .49 45 
(l) 
0 0 112 52 

0 C 50 4? 

;o 

40 

47 

49 

16 

41 

!O'l'Ats 4 6 ' l 4 l ~ 124 141 

~the$•$ int\ioat~ fish Q.$$Ulil$d tp bave b$q rem.we4 by poaoh•n· " 
~~t ·bl, the Pine ILlld aoeia.nt&lly eruab;d by hot of op9r-ator. 



correot&d delayed lDOl'talS:ty • Ll · ~•nt.• and grand total• 

6.5 percent. n-iat electrical shoek 18 tbit fa.ctor reapoiud.ble 

tor imt,e dfJa.thlJ, rath)r the.n ban<llin&, ia eupport.4 b7 tm,· 

fact that :none · ot the tieh found <lN.d -.re amcng the eontrol 

hldi'Vidue.la • 

)Ju data io not -.ppr~oh 'the high mortality (26 pe~nt) 

rep~d by· Rauc-lt (1949) •. even it the u.w•o~d specimer.ua 

are: ineluded. Neither do they indicate tbe temtemo7 fr,r. 

mortali'by in a gi'fflt ope oil)$ "° inor'ftti$ with ai.ee of :t:teb 

g t.• beeJ3, t'$pOl'ted by 80IIIIJ ~. It ~l' a~ 

the:\ the mortality .re.to in this -.timfm:b ·ve.s con.eiderabi,­

hi.gll,t" than tha"t resulting 1n routim s:bNM '114t"k• tO'I: in · 

•~ (1) tbP'e u-e usually n<> gNJat ooncentraticma ot t1•h 

-.r the electrodes• tm4 (a) tM open.ton move the .i.o.. 

ti-Olio qutte ~apJ.41:, so that paralyzed i'iah do not remain '41 

iibs fi•ld. very long even if ut111een-henoe minimi&ing the 

opp~tlalitf ... tor iuttU1tl.neoua ~11v. 

On tm strength ot the ab$Ve e,;pei"ull!mt and caaual o~ 

,~ti••• it i4 ~:U.eved that the fish mortaiit:, eaua•d. by 

•l•otrioa.1. ahool( in rou14ne popw.ati-<»l $Wtli&a 1'• negligil>le. 

Al.tho~ actual ooUJlU ~· ~ acle• it ii ctoubVul the.t 

~ than 20 fish •i-e kill.e-tl u m1ld:q ·the popula~ion ~st-!\, .. 

maws 6'aoribed later b1 tiu. :report']! It also &ppetU"e thalt. 

~ the ,_ filh ao killed,_ t• •Sonty will die Wi.thout 

Noovering oonaoiouneq f&r:id will, thanf"ore., be wit~ 

from the caloulati.-. It -.y f ltt"¼;hehaoN lie ooncluded that 

fish morta:U.t, will rwoibably bet 1eaa 'fd.th direct current thm.a 

with alternating eu.PNltt.-
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ltell,.bility of th• ~Jc-an.MtecovG:ry Method cf 

Estittatitlg the sue of Populations 

Xt •• p.:>ut9.4 out -.rliff that• although tlw mar'~ 

NJOOWl'y m9tbo4 ot estimt.tf.ng i;he st&• <4 popule.tiont baa 

bee-A wld.e1y UMd :bl tiaba,17 -~t ttl noent ~•• itt 

rellilb1lJ.ty 1-, not bee um.w~l7 a.ooepte4. AoeOl"dtq to 

Mmr (1948) the re1iabll1tJ ~ tb18 •tho4 upena.t on (1) 

th.9 Pa111lpt1on that l®'Dd fish ah.ow ·the aa.:De· rates ot mtll'• 

t.lit, ..i N-,oue to the eoU-.tlcm :mrttho4 $mplo,r,d •• clo 

~al Wiff4\111t.h• (2) • !J!f-gligibl.$ Hehitmont to the 

pop~ti® ~ the t1- ot ~kiltg am. re-.pt:ur•• (l) ti. 

,.-.on• ot a re1-ti•ly high pr-opOl"'tion ot the total popu. 

l;atltm ••• ~d fish• ·and. (4) tbt re•ove~ ot a high 

,-..,_t.ge of the UIIWkeA tuh present. 

l'.t .... Nporled by Sh•tte~ {,-l"Som.l IJOm11?U"e;tion) and 

11ubatant1Atttt bf 1Jf/' own experie>:10i!t that ahoc,ud e.ud marked 

ti•h ah-, no change in ~f#UI• 'bt> oolleot1t!lll gear whe~ 

tt.1-n With Ni el••trioal ahoo1-r:, pto~ that the ttsh aH 

parmi~ to n-.~ ~- the irtt.:tial ahock be£t.re being 

thou:ed. a.gain for rtel\ptur.. 

C~lioid.ng trQL .... ,ta ~Xi.st 1n th• l1•atu.t"f: eonoem"" 

:tag i;b.9 etteote of t!n-..tli;pp~ on ~V• Shetter (lQ39) 

rep~ a 35.:, peretm.11 wrtalit)" (If fia...o11ppe4 bhak trout 

t~ltnp• .U• '1.llBU'k!tld ft.th ·~ the -.. lot sutfeN!d 

only 26i7 ~n.t ~ity. The:-.- author (19'1) bae 

ahtei atatiatically that lab trout tiftFlmp atkitd by 

tbt tetmottl of w.rlO\Ui tin QOmbina;tiQffl1 (lett pectoral 
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-.qtecl) ,utt•red. no in«-.sa« -mo$l!ty ~ kept 1n cape 

'llivlt, a ye-al" e.ttff u.rkbg,. On. the othai- hantl,- thtl 

nlati•l.J tw etudiu o't the etteoq ot •rkmg on ft-sh 
I • • I 

..,._Uf'DH to th•lr nahl"al habitt\t 1eiam to imU.oaw ·$.11 ap,­

prtou.bl• wr•• b. ~tty., ~ (1949) cited the 
' ' 

r•$Ulwcl 1n a 13 peroent .,,_..gt~ in ~lit, 

4'1#1118 their 2-.1/2 )'aft.- abwenc:e h• t-he ~ 'lfhen· ti.y 

.,... .,.,. .. 
%n .hi• orm etucli••· ... (f;'b~) illti•te4 that 

i.-.,. bdiv14-11 ot -~ •ti4f-nJe4 species 1119ft nilt 

~-.U.,, dfeflftd by ,the ~ ot t1- 1 wbeNU $mall 

brda t~lh&IJ •• ar-1-d ~biw4 a ii'8'V!wl rate ~ 

$a ,S-J""r.d; •• grat a.a that of U11DlU"D4 oaes,. fbe tiSUNf 

J)ffttmt.4 abow ee<m •ot t$ apply 1- the pnMnt ~• 

Aad.ttffly, 11mall ftllh m ~ probably a.rem~~­

•ble to ~tion by birdl •. •--•• ~ larger flah ll'h-. 

m a ftia.te 0£ partial Smmobil1ty- 01" loss • panial lo.- ot 

~ulli'bl"t.ura due tot (l) ele4v~cosia and.. t:ta~• ot 

~17 tM~cm C•itber f\tter f~olipp1q or on be1ng 

ah.$ob4 in th$ ttream. but no'b ~4) and/oi- (2) a.l'Mta• 

then,. tr• t:tbJl eu-~-.. ~r. the net neult itJ. 

bltl:uencb&g a populatit)D •ttmate 18 pr-obably slight tor 

the nasoXJ.$ tbe.t• (l) only .. 11er tie m-• ~-~4, 

(Q) .--.11..- fieh are the Q1!lea let.at likely to be oolleow4 

wbb ahooi.4. (3) 'thtt7 _.. the tint to t•OOTf!tr ~-



ol•.-icaJ. shook• and. (4) reoO'ffll1 d tieh •• a~W 
' 

'Id.th.bl ·36 hour• an«.• geneftlly 1d.thta ·24, haul'• after aukbg • 

. . bper~ tu shown that tiah gen&Zoally d<1 not feel tat' 

......... 1 b.OUl'S alter NO~a, f&tam'•l.eetrona.roosi$ 80 that 

pi-e•ti.Qrt by 1-l"g$r tuh ii pl"oba'bly mtr.rimal.. Mo~taU.ty 

4ut 'to •le~ic,al ehoe.k. mark:1ng_- and, biuldllng in au@ • 

•hon l.)Ol'ied ~ tm u ... ,..4 to be mgligtble. 

Stace in 1f1J atudi•• the •.tr .. Motiona \'11er411 bloolmdt 

..,.a:th ff!lff ~tiona, from. 'bht time of marking until. recowry-1 

.-.ually 24 hoUN later. nerui-..nt by immiue,tiOl'.1. or l••· 

by ed.gatlon .a. be ignarei. fhe UR of the e-hooku- per-
• I• ' ' 

ld.ttd tht. marld.ng of a ~•lativel.y lar~ fB reentage of 'the 

tot,J.. popul&tla in moat ~. Sculpw •re not 

al,aya --. .in PJl'opor-tt-. to ~ a.bumt.ance beca\Ule d 

tbeu- ~1 a1u and eeffettw hab11f., 

$tm,e 'the peroent&&9 ot n~ al max-ke4 fiah varied 

.~S...-bly • it •• oonaidve4 deeirabl-e to m.GUU11'11 the 

Nliabilli.J •Of the eetblltea in terms ot th$ NtOOvery ~-

-~--·. To oon4uot th•••· te:ata, two stream seotiona • oa 

on · Palnt Creek• thtt oth&r en Sprblg ik'ook• wr• t1Sed. !lw 
i 

. '1fflsicm.a will be de•~"• ill #eater detail later 1n tb1' 

"Pon. Bit.eh ,eotion. •• blooked with .ieime, and the ttah 
I 

.. ,... oollect.4 ttleovi-11.y ail4 me.rlo>d. as previotl3ly de-

a0l"i"1etl• After a 6-boUP -,, t to pendt tho· •hocbd fi•h to 

re♦~. a seoorul •hooking run was ·••• Th$ numbers <>f 

~•4 -4. unniarlold fish were reoor4-t1.. tolltwdl& which 1Jba 

••ti• _. ahooked. repeate417 until no more :t'iah •re 
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~ •. · J?opulatim ettlanatee bad4 on the tirn t1ro tripe 

tbtt<mCh the section •re~ ms.dA, usblg the t~a p.wa 

by· lUOkeX' (19+8) II 

1'hwt 1., the tota.l oet1-1in J.l0!)14ation 

Jl • th• 'total Y11abe.- .fJf· .J;ksd tiah preaent 

a .. the -••r '4 -...a.cl t!.eh reoowre«. 
l! • the to-1 re~ ot both marked. and .-rke4 

fl.eh 

u • tho q.U&tiet 1/i« 
1'b6 ••~tri and aoinal ~m of tbe 'ft.rioUf aptclea 

c1etai-mtaed _.., abollm m •blea 10 and 11. mm ttie ra't1o ot 

_.,._d fi•h ~oo,,wed to ~ 'total ~" ot fttih "~" 

(I/fl) bl 'bhe ee~ •~ l'UD• an.a by n:fwrtag to the 

•o.1♦ ot 9' per~ c<>ntia.~ 1ililte ln S•e~r (lstt&, 

pae, 4), th• limi:ba of th• esttr.w at 1ne 95 p,.l"cat l.nel 

e&Q,, be '~.a... mi... ficluoia.l limtts U"$ ShOlfJl b pa.I'• 

~-•• ~diately 'belOilr th• entmate4 ntlllberil fit eaeh 

apa.otv• in fablft lO and 11. ln no oa.ae did. the tn1t11n&• 

faU, to tall within tbeee 'bNa.4 111fd:b•• 

~ magnitude or R/N 13 a·-.•~ of the rfil.iatd.U.ty ot 

th$. t1·11t!.mllte,. lflJ: the g•affli the valUit at the f!UO~iont• th$ 

!1Aft!'01118:I" wlll be th• ~4 of tM tidwdal 11:mit& and. the 

gNate the rtliablli'\yof ilbt eati:n8t• it lt fall(J ,a.thin 

t~ lbd.t•· It n$Y be ••n that tile etiimated tltUD'Wfl ot 

le.rgor tuh •ey olouly apprordma<t;e the ariual number-a re .. 

~i-•d -.fter 3Nl>pee.ted •hooldng. ~ •i•ahl• diaoNtpanot•• 
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TABLE 10. !HE &;tntATED AND ACTUAL NUMBERS OF FIS!t IN A BLOODD•OFF SECTION OF SHUBG UOOX:, MIOBIGAR. 
AS DEfEmilmsD WITH AN ELECTRICAL SH.OCDR 

The l.bt1ta a.t th• 95 percent level ot confideace are shown in parent•••• 

Baber ot mrkecl llllllb•r ot nrlce.d Total B'Ullber Ratio Eathlated Aotual 1n111.ber 
Speo1•• tiab present {:tr} fieb reoowred (R) reoowred (B) R/K naber (P)W 1a no'tiOJl 

Brook trout 16 14 16 a.ea 18 18 
(16.24) 

BrOIJl:l troub 117 6:5 90 0.70 167 
(l.4Ll95) 

153 

White sucker 35 28 32 o.sa 40 1t4 
(35-45) 

Blaolaao•• daa. 12 6 9 0.67 18 
(14-lP) 

36· 

Soulpia 167 29 189 0.15 1092 839 
cs,5-1610> 

TOTA.IS 1;35 1090 

'Wp - )l ..... terb. 
T 

-.: .. 
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TA.BIB 11. ·THE ES!D!A!ElD AND ACfUAL NUMBSRS OF FISH I1f A BLOCKED-OFF SECTION OF PAiff ORESJt. memGAlt. 
AS Dmtmrmm WITH Al SlBOTRICAt SHOODR 

the liaita at the 95 percent level of oon.fideno• are shown in parenth•ae• 

Jla'Nr ot marked ll•ber of nu-ad Total naber Ra'tio Eatimated. Ao1nal xnaber 
Specie■ ti•h preaeut (lt) f'ieh reoowred (R) reot'l'Nred (ll) B/ll n-.ber (PW bl aNtioa 

Brcnm trout 

White sucker 

Blaelmo• daoe 

Bluatnon 
a.imlcnr 

Sculpia 

XOTA!B-

Wp • • 11. ... ·.;.,xt 
T 

l 

13 

16 

6 

117 

0 l 

4 9 

4 9 

2 3 

23 114 

., ... 2 2 

0.44 30 29 
(18-108) 

o.~ ;6 
(29-200) 39 

0.67 9 14 
(7-Je) 

0.20 580 
(403-900) 

672 

657 756 

... 
" 
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~- es~w4: •• ~. ~~. d blacb-. dAce . .w.4 

1.oulpl11. •1 be aplainecl on .. 'bhe ~••that·~-··..-, 
--11 iml1•14ual•._.. not.·~••• (If: oap~tl oo tlv.\t 

1lhe ~-• ot the total ~ber .~ .,_. after ~t'ul 

·-4 _NpN\ted sh~kmt:. *1 'be no ~ aliable 'bha,n 1he _.$~ 

thta-.., 

l?rs tllll Htul;t.a ot 'fib•• wa'b•, -1,though tbe:y are· 

l:bait(td 1n n~ • 1t ._,, be •••--d tat•l7 that •WAJated. 
. ' i'l\lll'":t• of Wge :tuh ba..« on R/l1 -.i-.. or 0.,50 o::, ~tff 

_.. ~11;, r•luble- ntb.hl ~ lim:ta of praetioallty u 

ar'bi_._Uy a.tat the· 9' pe»<~ fiffli.al level. btbnat.e 

••~ otJ lw val•• ot I/if ~. not r'c,liab1- l"eFdles• o.f 
~ .... , thtl fifh. 
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p1a1d,in&# ot haut.q.rNNid. t,-cut at 'hbo time <:>f tbe •~. 

Theu -'bff eeutt.f are sc, ld. .. ly .-ttel'ecl tioro•a Wle ltaw 

~'t the t!lntl ~ tor ttawl 1!10ul4 have :mad;e i'I ttaprac,., 

thal to attempt a detaU.4 •~ ()f •11 of them. !lher,.._ 

tONJ,: toll-1ng a .eupwt!.cial ~'bit$ of ea.eh 1-tream, 

. t..._ --• •i..t.4 ~r imrem,W• Snvoetigation. •fhf, ntn. 

· .~ naalne4 only l'IUJ?f)f'ficiflll:, ue listed b$low .~ ,u,e 

-.eri'Ncl -.t. length in. Ap~ It,. 

Paint . ~k. Oaklan4 0®'1ty 

lief CNek.1 , Calhoun ad ,...-~ ColJZlt.ie,1 

Gl&•• C\Nek, Barry County 

s.u..- ONQ, Allegan CoQJtiiy 

~· Cnek, Allegan OoU!:lt¥ 

•- '"*• All•~ Co•tf 
S'Rb. ere.-it, Alhl·om 0~ 

.... ~h d 'th• ;p- Par Riwr. Van Bur@ ·~ 

leli.at. «re•• Ca•• eouut, 

fhtl to~ ._._.. atudied 1nteud.•17 ~ obo.-n to bl-

01•1 .1J'$cd'ar •• lot•• ~•tibl• to determ.inlt h• 6:d.$1,blg 

lm'Ol"'mation. both good trout etr-. with a1Hb1- popula• 

ti@i of !lll'tutt.Uy l"epl"O~Hd ti.ah an:4 ~ wh~ t:r-otti; 

populatltma u-• 'h91ie"Nd. to be matntained bu-ge:1y. it not 

tntf.rel7. by tlw at~g .,d 1♦pl.aialt4 hatohvy .. :radd 

tro•• 

The tour at~ that reoei_,.d intelwive •tud.Y are 1 

~. CMek, Wa.ahtex.w Oelll'l't)' 

Jlorbh ~oh qf the S-a,Une Rlvtir, ltashtenaw <lo~ 



Wtl~ Creek• .Calboua · Coua~ 

Spring· Jrook., Kal-...oo Co~ 

·~ nl♦otion ot the tt.Jur ••-- a.n.4 tho aeotione an 

ea.oh to· .-...1w · :b:ltttud.w •tudJ .... ~ on ••cenibUi'by 

and · ptJl"St>md ~'t • rnbel" than on a nriho4 of Flllldm 

~1£q •• ,ugge.-« 'bf ~1e7 (1~>, t.- ..,.,ru ~ 
•--• (1) rela'ld.wly large porticms ot __, rireama flow 

through· pl"!-..-t..ly ~ le.nh and ,,_.. not th-~ to • 

t• t'liw\YJ (2) • .., •-t:et>• u• too d.i-••p am othert aupport 

--••i• _.,.. of.~h .and shrubs on the 'b1Uil$ which ...... 

~•ible the -. or oens-qa m,;1tho&, •Ieeted tcr the b• 

"lht1t,at$0l'lJ •$14 (3) it •• ••J.rabl♦ to haw the group 

~l'Uh bt:rtih. good and 1'111Wgil2al trout •~ located re:.~ 

ttN:l.7 ol.oaf· to each other in ot'dv to hoilitate t.he ~ 

~ n•ber ._ •~• ot the 1fl0;1d.ou ••leoted tor study ...,.. 

-1• -~ by a~slbU:it:f ~ t,hull10f.l.l c~e~if• 

uoa. 

lt ,. true that ~- tin.ding& obtained f'NJn the $tuf.\t' 

of thoei ari>t~1y ·teltJ9W4 ~-- cannot btt appUed. nth 

oumpl.- ~U.tne• to all •~ »iobltfUl trout •••• · 

Sueh •• #ot the p~ ot itle imltstigation. liolr&vG!".. tba 

N$Ul'k o.t the 1tu• ...,. 1- of ~-t -1.ue h the _.__,. 

of ether~ UL~ region U coXlditio:ui are aildlar., 

ffl it the •thods t;Jf obt&ining the .tnt-.tion in tha 

pNJHJlt ilt'Natiga.tiOl'l .8.1"$. gi wn eaffflll ~ onn..deration. 
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lef'.-. attempt!n,g to .,_1•• th• •tho. ot ti. Tei• 

ou, p!Q's1-1, oheieal• antl bioloo•l tao'boft Wluenotng 

ti-out production in each of the ,-.-, • :rneu\JN.I at ~ 

prod.wrts:lon ttm had t'6 be ••• To obtain tbie int~ 

ttcm. periodical eetS..'tt!t• of the ~ish populat1oiur, bo1:h 

trout t.n4 non.trout, •n e,t>Jldu.ot.4 Mee>i-ding to the me'thocla 

df.teorlbe4 oarlie..-. Th.eM estb.la.tea •re detaigned in so.ms 

~-• to gift an mtUoation of th• ntent ot migrt1tion 

i.:ztto 11ml out of the se-oti®B ever abo.rt p&rtocls of tiM. 

$~ eomplew er•l o-$'1i•e• •re ~ot:ieal• efiima;tos ot 

i"&latiff titihing preaaure en the .~ ~• obte.~4 

t.hf'ough QO<iallioml •pot creel®~• 

On •ch ,;tream sele-ctva. phy$1•1 and eh~oal. featurff 

ew,peein,d t>f Ult1Ub0bg production. 1118N n,musur•u. oftlm a.11 

••••$!ff 1ntwvala. fht-. i-.tur•• inelude •~>r-ture,, 

tl~t:lon h .flow end ltn1'0l_. depth. bo'lrliom -typo• ct!etribu.­

'bion ·oe pool•, pl, 1-dlw••• ~ electrical eQnduotlvUq. 

s~i.• of the boirte tood orpitame were taken &ma t-$Jtdot\ly 

sid•~ ,1w1 in •'$h of the major bottc. 'typ$e repre.-nte4. 

At •PP"aimately the eu,e till\.&• sample• of tM fia.li ~­

ti<>n ~ m11d& in or~r to o~ the food u-bUilf.td in 

tels.ti® to the f'ood avail.Able $d. to provide M indioo.tio~ 

ot the ~t cf pr-1'da:ti<m and food Qcnp8tition aud the 

r•laid.onahip between a~bg ¢:rop of f'ieh .ana ot f9QC1. 

Alt •ttort •• mad• to mature -tho: sua•e-a of troub ~ 

illi in Hoh istreom by 'Mktng ••t eo1mt1 throughout th$ 
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•p&11P1Wlg --..on and bf det&~ the nmbCi o.~ Viable egga 

in a eupl• ct ne,t•• .All ba.tohff,y .. reued. fish of each 

planting Wl'e giwn • ~ir.t#bift ttn.olSp in ordef" that 

'1¥,J might be 1dtm:t1tted at a 3-ter a.te., and. tha't eUE"Vi...,i 

rate• m.dJ;t be entmawa. 

l'loaortption 1/.ll tbt StNa:ml 

f'M> four wattlr• artuc\1♦4 ~iwly 111Qlu4•• ~ rvputa.­

tia_ __,lle11t. fair• and marginal. trout 11t~ •• 

indlea;te4. !we are in the a011't~. one in tbe •<>uth­

•n•l• amt one in the e~$Wl"'ll pon!on '1f the etaw. 

Paint ~ ar1"8 in -.h'ttmaar County 1a th• •outh,..,, 

eastern ·par1. of tb, ate.ta. 1t tlO't!tS ,a .U.. pz,.eral~ 

e0:uth and eaerts and. enters 1'.,aJaJ Erie in the vioW ty r>f 

l&o11r'G$;. Miehjgau. fhe aoil in _thie region 1, compoad 

!Ug,,q ot a mkture at ola.7, 1-._ and fine aancl,. and U 

re1a,twl7 uipemou to •td intlltnLtion♦. . Moat of the 

ntntall 1-.wa ti. aoil •• •~a rt:mott Md -.ery l:t-ttle 

petoolat.• in'bo -bbe ~-• th• ~off 1B fwrther 

'1wr••d by bt.tnaiw ow.ti•Uon ot the gently rolling 

land; .i.\1\d aa a retJult. very ttnr 11pnngJed l&kee and 

~ are found ·u the region. Ge•~ly., only the mar• 

ailal land -.l.OJtg the stream, has a ~~ wgetati<n 

offer wbieh does aid •oWwl-.t in the ret.ntio:n ot mo18VU1'8 

in. ti. aou. 
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.Paint CNek is tanned by tributar1-e ai-i1Jing in Pitts­

field ancl tp,Uenti towuhip.e. fhe two ~1Mlpal bH.nObel 

originate in agricultural landi bub lleoauae they are sblded. 

by- dse14uowt tree• ant d.clM· #O'lrima of fhruba and -.1-a 

•long tbeb buiira (Fi~ 9). tm ntetr tEJmaiJ.1.$ 0014 even 
. . 

4u:riXtg the hot •~ petlodd. the 'bwt) brancm,a jo!n _., 

\'hf, e<,;uthe~ bo~y f,f the Wa•h.wxto.w CQUlltf S~n 

Gltlb ..-~. uuimw:t6 of Ypai.lalitl. Sb.only afteJ- 1eaVJ1rls 

'bbl$ Ol11b grouma. the s~ flO'd thrmagh open .t~# 

and during ~ IIUillml!Jra, then lOW1tt" reacbs•· •rm ·to·· t.... 

~ture• t.mtavorable to vcnrb.. It th&Ntfore apptaars 'hhat 

ortly the upper twe or three miles of the ~ •Y be C()JQ­

aldeJ-$-d mut •t.r on the be.aia of awrage En:Unl!lGl" •ter 

•¥n1rtl'.'H (range o:f mids1Uer mu!ma, 53~ to 67°F. ). 

!be •ter 1n the Paint system 1- sl ... mov:mg Offr a 

'bo.ttom of t:me $ancl an.A aUt. Only rarely ill tine p-avel 

~c,our,rtsr•d• ~ organia♦d sportsmen. in ti. area hs'ff 

luta.U•t n,..rou attifioie.l m.p~ Mnoea deeignecl 

to eNa.• pool•• and Without doubt ha• suec-eedcld in• 
pro~ o,mdl ti.GM Ootlllidffably. On the be.di ot the•• 

~O'ftllleJlt deff.$lll, , .. pool-gtadt value of l (Emb$dJ, 1927a} 

ia u•t~4 t:W portion of th$ ~. Vegeta.Uon in 

the•~ is practically non~nt. proba\blJ due largely 

to the s~ing of bo'tt<in ?Oai:ie)'ialt• The brOllm and the 

rainbow trouts ~• the only geme ft.ah in thc!t upper portion, 

of the nN&m_. al.though a atzable non-~ :fte.h population 

oo~-s U the· Spring amt ._.ly eummu•,. Th& ftrio~ 





81 

r .·• ... . . ·~ 

' ,~;,,._' 

---



phpioal• chemical, and biologi-1 teaturecs 0£ Pa~ Oreek 

an 4t•••••d in &"e&ter detail jn tollnin.g seotionfl. 

~ North Bnmeh ot the 8altae Bl'VV also ari-. bl 

'bM a,toult\U"al ·1uq ot 'Wa•~ Cow,.ty-. !b t• fomecl 

bJ tbne _,,.butartea sioh aN little ~ t;;han agri.oul... 

tun.I dh.bla am by one •hor'h bJirar.toh which baa :tin, eo~• 

·4n a --11 apnng-ted •llllUlp on thl •n aide of the A1m 

a.b«r...Sfllixle higbay. r., 0:t the pr!nolpal tri~ies 

M-f.ff bl MirbafUld towiulhip ·a:nd .,. ill Io41. During nor• 

al •~r lttwle, tbeg attlUfll'lU f!ll"e e<, mna11 and ahallQW 

that th$y can sce.rot1ly be aensider.ed t-roat waters., although 

t:lttt±x- &~r ~re:tures {range ot' m~., 61 ° te ?iPF •) 

app&&r to be tol11mbl-, tG trout. Upetr~ f.ro.'!ll the Ann 

At-bar...Sa11ne Mg~y b&-i.dgo_, ell portions of the •~ 

suitable fer trout ere oloa•d to publie aooesa. For a 

q_l.lari$t"..ue •low thl bridgt;., -the lorih ~b ie quite 

•U sba4e'4 (Ji'tgur• 10) an4 al.Jltl19l" wa.ter ~ratunts an 

geneftlly wi~bin tllil tole~ lbd.ta of tro'tl't• Srme~ • 

it th•n flowt through Opill pas~ f~ _, mile -:fOt"tt it 

job\• the main $a.lie Rt.... Durblg tiu.. mil• of lhallow. 

•~•r mwrae. th?"ClttSh tM"Jn um pu1tur• und. the 

~tu.H n••• rap14ly-. Fi~ ll Ulua'tratea the gen. 

♦ntl lafk of' eibade amt•~ 1n this po,W..on of the~ 

b Saline Ri'VfW itnlf iii 1\ el•~ flballow. 

_,......,_r &trum. and ia •PP1W•ntl1 un$lltV.ble tor trout 

during normal. atl!lmV weather. Immediatctly bel• the 
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o<mtlutnoa of "tht, North Branen ldth it. the mJ.n stream run• 

through a reservoh- 1n the city ot Salim and then south to 

join ·the River Rrd•ui• whlch mnpties into lake Erie at Mon.­

roe., Michigan. 

Apparentlybe.,.use the lforth Bnmch of the Salim River 

baa oontiderably leas eba4- and cover along its banke tbml 

does Pt.tnt Oreek, it i• subject to 9'98.ter e:xtt'emes ot a~ 

aer •ttw temperat1ree throughout it$ flshable length of 

l•l.A. miles. Simlla.rl.J, the smaller cu-ea. of the Horth 

!lranoh d:l'ainage basin und.$' penne.uent wgeta:tive cover J/'8• 

eults in a noticeably grea.ter fluetuation in water level•• 

. Flood$ fU'(t of eommon occurrence during the spring and earl:, 

swmar montba. The stJ:eam bottom is composed largely of 

gra.vel with lai-ga areas of rubble and sand !ntenpaeect. A 

~atively high stream ~tent in the lower strstcb&a 

tfmdu to keep tbs gawl and rubble exposed. AqU&.t1e 

ve•tation is rare., represented only by an occasional mat 

of filamentous algae and RJ.nnunouluas. .Uong ·the ahoree an 

stands of Mentha., ~•otia la•• 01-.nthel"e.• and .. tr-'i.•,• 
The stream is subje~d to hu.vy fubing press\~., 

pal"tioula.t>ly during the firat fq days of the trou.t season. 

~ the later ifums!M31! month•• hw tiahe1'11(tn are. seen on 

the stream. Then have been no a.ttemp- at trou.t l'labitat 

impl'O'Vem!$».t apparently ~us• twe e.ppeare to be a god 

4itttribu.tion o£ pt1ole and rittl•cs. .Bowever. th• qualit, of 

the pool.a 1e gen&n.lly poOI"• mteept for a t•w deep hol•• 

w! th good oo,,_.. • the •~ority are shall•• exposed• and 



· Fism-e U,.. · · tbf l'Ol"ilh ·~u .c;f. tht $:$1~ ll1'1ft.'t. ,_hilll'l&'W 
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--.11. A pool grade of 2 (Embody* 1927a) is uaipd. 

Bl'<:n01 trout and rainbow trout are found. in -va.:rying :n.umbEtra 

tr-. --.eon to •&eon and year to~• fhey ere present 

aa a direct result ot yearrl.y etooking operations, and are 

. • amll part of • highly -.ri•4 l.Vltiw i'ieh fll'Cll'l&i; 

Wil&Jl' Creek 18 located in Calhoun Ocnm.ty' in tbs aoutb­

Mtltra1 poi-t!011 of th• state. It hat:J two ajar tributaries. 

one ot which al"iHs from seepaA't awl springs in the tl'RiJn­

ehip et Eokrori. al'Ml tbll other as the outlet front the 

. norii!w.l"'ffl()e'b t:/.f the i;hNe Kesler Lakee. in Albion TOIO'Jl'lShip. 

1'he. etrea flan generally wst and north ff# nine miles 

and e,ater• ~- ira~.oo River two miles east of Marshall,., 

Be•uo the 1-oU in th1a region 1s more poro• ti.n in the 

••tern part of th$ eta1-. &blOZ"pt1on Md pei-eolation of 

•t.r ·a.re p.-oporiionately ~ter. Aa a direct result of 

thif .i:aor.,aae4 ab&ot'ption and the relatively wide etr1p ot 

tnJf'i• and shrub-covered. land on either eid.e of the i,tl"eaa• 

fluctua.'tiona in -.wr level are usually alight and sUlmlltlr 

-.tor t9•:raturea u• genenlly low throughout the whole 

length of atream. 

there are no talla of oonaequtnce in Wilder Creek and 

tew ver7 49ep pools 1n the e.oeess1ble areaa. Poole ot 

moderate d•pt:h and goocl eavu' a.re nt1JtEtroue •fflnlting a 

pool grade ot 1. The bottom ia oomposed of large u.te1,:t•· 

ol! tine gra-vel :brberepaced with t,!ln:ilat ton«.a ot eoft1 

ailty bot\a., these oondit10l:1$ ai-e to be apeeted :tn thia 
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:r:wegton 1n atrnntl!I having a relatively slight graclierd;. 

Subnet'gad. aquatio wgetat1on is p.t"Mtioai1y non-existent• 

although there are dense tangles of willow root1c in the 

-.tttr., These ~oots serw aa excellent hiding places for 

fiehea and a.a ha-bi tat f O't' •qua ti¢ or galld.87J19. 

Tbs l.-l/2•mile soetio:n tartbsst downstream 1D Wilder 

Creek ie clQsed to public aecee, and was* th&retore. not 

atuclied. Inlm.edia:uely up.stream,. the local tpol"tsmen have 

eonve~ted a r~ing pond adjaceni.i to the cre,ek into a 

trout poiu.t. Ftu'ther impro•mtints by thia goup i.nolude 

a olub-houee knmm locally .as the "Castle/' and the 

planting .of 1A-m.1e ot stream bank to •eping willcme 

(SalJJt babl,lO?li~) ♦ 1'h9ff plantaticme and tm natiw 

tNea and ahrubs pro'l'ide almost oo:q:,:letft ehade fer the 

t'tretun during the summer montha (see Figure 12). 

»•cause Wilder OrElfllk is comparatiwly eloN to several 

urban oomnunitias nm is eol"..S:idere:d by tbe fishermen to be 

e. iood troitt stream,. it m:turally ia 1mbjected to ra.tb,r 

mt.V'.( fishing pNEl&t\N. Anglug intensity 18 gN&WGt at 

the olu'b. gounda• in the 1/2 mile of aooessibl• water bel•, 

and 1n \ht throe miles hmlediawl:, abow the club proptltl"by. 

From this pomt. three milff a.bow th• club grounds• to t)1$ 

head of noh of the two mjor tt-i'but.ar1••• dN<lging opera• 

tiona begun in ~ru1y of 1949 and continuing· through the spriDg 

and s~ ot 1950. haw nr~~ e.n.4 lewled th& stream 

oblmr.lttl to auoh en atent th.at it is now mttrely an agriew. .. 

tua-al drain. Poole end. ~r in tbia pOl'tion ar,e no l~ 



--

90 

Figure 12,. Dense growth of deciduous trees and shrubs 
provides almost complete shade for Wilder 
Creek, Calhoun County, Michigan 
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et pretei-re4 quality tor optial trout abode. It appear• 

'blw:b water ao.'bion and tbe. enorQ&Ohnent of be.nk vegetation 

will• boweffl'. ne:a:tnally conven the oz-eek to ita formr 

condition. Brmm trout baw been plar.lted annually since 

193;, brook trout a.nd rainbow trout have been stocked .U• 

tenaively in th$ last fft years. The three apeoi&s are e. 

small part of a 'W.1"1•4 fauna. 

Spring Brook, in L.luazoo OOUJli;y # is by reputation 

one of the beat trout atN&ma in southern tlichigan. D 

arises in Richland !<:nmeh.ip approximately seven mi.lee 

J:torth of Kal.amaaoo,. and. fed by springs all along ita 

oouru. flon south through moderately hilly terrain to 

join the lalamuoo ru.-wl' near Parehm&n-t. !be organUed 

sportstne ot -the region have wi:thin the last rtm years 

placed a dam at the mouth of Spring Brook and have tli.wrte<l 

its •'te!'• through a shallow. open ditch into Farwell 

Creek• thence into iUl"n.1- CNJek. this latwr stream emptie• 

.tmo the Kalamazoo Riwr approximately two miles north of 

th& origi•l mouth ~ Sp.rl.ng Brook. the di versiou •s 

de&ign•d "to pNVent tho tl'"Out in the abeam t:rom en.tel"izag 

the Kaluiaaoo Rivt11r so n~ the city of Ealu-&zoo~ wbeN 

pollution "RS thought to be a mena.ce to ti.sh lite. The 

GUCN8S of thiC vctUM eannet be properly evaluat•d be-

08.UQ infor.mtioll on the llUllber trout killed by pollution 

be~ore the dam wae built does not exiJJt• ~rout ·are found 

in the cli •raion nearly ·bo the mouth and there is 11 ttle 



naeon to auapeot that truty rtay not en1?•r the K&.ia.100 

River by- this indil"ect route. 

!th$ soil 1n the ffl!UJtorn. part of southern Michigan i,e 

composed mostly of sand and gravel,. Although muoh ot the 

surro11nd.:tng land ia unqr intenaivo cw.tivation, that part 

. of the drainage basin 'bordering ii~ stream is well covered 

, with deciduous shl-ubs and t:reea. The soil porosity .and the 

vegetati:ve oover ca.us• much of the rainftdl to be retained 

in the soil. Thia •ter percolates slowly through tbs 

. ground and emerges as numeroue eold apri.n$a. The results 

are that the stream reainS cold even on the hott41~t days• 

{midstWmer maxima, 59• to 62°F.) • and 1 t ta &eldom subject 

to flood~. 

'the first mile or Spring Brook from its source tlowa 

thrcn1gh, open meadows ad is so small that it supports tn 

legal..atsed trout except temporarily durjng the spuming 

Haaon.. The :r~m:tnde~ of the stream all of the way to i t8 

origillal oonfluenoe with the la.lamuo.o River., flows through 

alteM1ately-apaoed open meadow e.n.d wooded areas (such u 

shown in Figure 13). Approxima.tely 0119 and one-half miles 

ot thu at.r$-tch of water ia olosed to public acoess. ~ 

exoellent pools are thtta not a-va.11.a.ble to fishel"'mii1n. 

Eeoa~ae the atream gradient appears to 'be considerably 

steeper than tte. t of Wilder Crffk,. there is a ueater m:anber 

and better distribution o:r ri£flea. There ~ relatively 

few deep pools 11 but as in Wilder Qroek• pQola of moderate 

d•pth and good oover are numex-oum. A pool-gra.dG value of l 

ia as11 pd to Spr iDg Brook. 



n.-. 1J. o,ea .,.._ • &priq. ·••• •la11U" e.-._. • 
. ._4bigan.. ·,ath 4-014\l•U ·fON:tt :t.a ·tM baeti-
Pi'~ . 
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All ••tblated 80 pex-oel'l'b of the bottom ot tbs access• 

ible poriiou of the stream ,a.re gre.velJ the remainder ie 

eompoae4 largely of rubble 'With 80JDe ailt and sand present. 

A total ot m.JW apeoi•• ot tiebee baa been recorded tra 

SpJ."ing Brook. The brook: ti,,out and brown trout. both of 

which baw bee ea'ta'bliahed by p1',zrt1ng•• are the two im.­

po~ gau t1shee preMnt. 

Ecological Features ot the Enw.r0!'1lllent 

S•leoted physical• ohnd.eal,. and biological teaturff 

ot the enviromaent &U$peowd of intluenoing trout production 

•r• -.sured., some at .tnquent inte1"118.la., !"he quantitative 

'ftlues ot the•• •uur-e.meat•• together with a diseussioa ot 

the method employed, Will be presented i:n the following 

section. Evalua.tio.n of the factors will be attempted in the 

aeotion following the pi-epntaticm. of the fish population 

o~acteristie.. Although certain features, such as fish­

ing PN•sure an4 apan:t:ng euC01las• are a T.tta.1 pan of ta 

h'Vir®ant., they artt· mo.re typically aaeoeiate4 with :fieb 

popu.a1.iona and will be dbouaaecl tmcler th&t heading. 

the •tudy eeotiou were ••leoted ill those portions of 

eaoh stream which•~• <Jpen to public ao.,.••• whioh were 

mown to have t!'out pn8fllt• and which could be waded. Only 

on Paint Oreet were the &ise am looation ot seotione 

aenou,ly a.ttaned by these restrictions. Exoept for one 
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J'ttlati "ffly •hor"b etretcb of eui table wa;ter, then •• 

•ither an absence of trout during the, time of the survey 

or t.ru, etream was so oom,pletaly graern 9ve~ With sm-,u.be and 

Vi.nee that walking in ·libs stream wae impossible. the 

locations of the .six etudy stations ere given b&low. 

Paint Creek. the aeotion b91Jm at a point 55 feet 

upetream. t,om tbt 1_.r boun~J cf the W..shtenaw County 

Sportsmen Olu.'b propeny and extended 550 feet upstream. 

fbe Upper ludt ot the ••otion •• the junction of the two 

$"t.;ream.branobe•• 

Seotion A. The loww boundal7 ot this study &U"• •• 
located 17; .fe9t below the WatEJr Works Road bridge. The 

section extended l~O feet upatnam to Sebu1ta re agrm 

bridp or• pc,int 20 feet below -tbf! ourrtmb contluenoe ot 

the lionh Branch and a dnine.ge di toh entering ~ the 

Section ». Thia part began at the jtmetion jU$t d•• 

aon'beti. and contm,-d 1.000 teet upstreal\\ to a fflbt\ll natw:-a.l 

rook da. the two soot;ioae include moat of the stream open 

to public a.ooeaa wbioh oo~ine4 trout dUl"ing th$ stmer 

:Lta lower boUl'Jdary the steel and stone bridge juat abQW 

thtt fa~IIDltt!l •a olubhoua• known as the Castle• The first 

highway bridge 2,300 te.t upstren served aa the upper 

U.mit of the aection. 
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section A. The lower bm:m&ary was located. at tt. toot 

of a riffle 36; feet below the bride, on DE Avenue. ftle 

study area atemt.d upetreut ;oo feet. 

Seot1on B. fh1a aeotion began at the fence immediately 

above tb8 24th Street bridge and extended 500 feet upstream. 

MeasUNmeAta of the 'VU'ioua featllfte of the envi~ 

-.ere tabm at the beginrdng of the st1Kv and tnoae which 

appeared to be aubjeot to Tariat:l.on w.re made at &equent 

intenal•• The methods employed in obtalldng these measure­

m.ente are gi'l'lm in the following seotion,. 

Shallow s-ittlee weve generally chosen for the section 

boundaries for ee.ae in blocking ott the area& againat fish 

migration. Ttl& baffim"I oonsieted. of chicksn 'Wi.re fence• 

on iteel fence posts driven :i.Dto the stream bo'htom. Seinea 

wen atretohed. over the 1F.lNt ud wi-e pegged into the 

bottom cd aides ot the atream with ate•l tent stakes. 

looks and grawl piled on the bot'bom of the seuea with 

~ esoeption prewnted. the barriers tra. ••bing out 'Ul'lC.ier• 

neath $lld at the aides during the abort period 0£ uae. 

Seotion lengtha were maasured to the neareat 5 feet 

With a 100-toot steel tape. Strea;m. widtba were meaaure4 

~rally at 10-toot h\terwle, to tho nearest toot. Depth 

measlll'emenu• taken trom a yardstick held vertically on 

the bottom_ •r• obtained at unifo.l'll intervals along the 

line• demoting width or ·the stream and usually ranged fl-Oil 
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4 to 8 mea,urement• por JJ.ne. laps ot the a•etiens wre 

pl"Gplil'EH! whieh ehow depth contours at 6-111 12 • ., 24-. and 

36-:t.nob-intervala and the utttnt and looation of ti. 'VU:i.• 

oue bottom type•• ·ThlJ area-between ·,uocessiw depth 

•ont:otit'o aml the area occupied by eaoh of the mjor bottom 

tcypea were mea•ured f~ tbe mtiipl nth a p1e.ni3Mter• 

!brougbout thiil Gtudy • bottm. me.teria.ls haw been 

designated aa toll(ffl'f s · 

Silt ..,. ~ly finely dinded ~oles whioh when 

disturbed gQ into eutJpen$ion and settl& very slowly, 

Band • parti:eles '$Jl'ying in 1$1.ze from approximwly 

O.l 'ho 2 -. U1 diamaWJ"• 

Gravel ... particloa ranging fram approxiat.ly 2 to 

50 a. in 41.ameter. 

Rubble .. p,Wtioles rW1ging from approximately 50 to 

150 -.. in ~tea.-•. 

Bedrock ... •oUd »d.neral rook. 

Hardpan - e:,,m.erally composed of .sand and t,ftV$l par­

tic,leei ~Wei togetb&r with olq. 

file particle a1,ut1 given above ar~ only appro;itimi\tiona. 

Beoause the a11e of componenta ueua.Uy vanes with depth 

into the bottom material,. the designation ot bottom type 

1-s been baeed on the sin of par"biolea p:refomi.nat;tng 1n the 

turf.ace la~. 

Air and •t•r temperatur• meaeurements were obtained 

at 'two• or thtee•hour intervals in conjunction wi:th otb&t" 

work on the stream at that ti:mtl. Taylor pooket tbennometere 
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WN uu4 to olrtai.il the• rea41np • Air teaperatt.r•• wr• 
N&4 'With thtt t~ter •baclecl tr<a tM a111t au4 held at 

-.t.,t height tliNO'bly abOt'e tbl •v-. Watu *l)IJra.­

inwe• ,... ~4 while 'bhtt 'bulb waa au1merp4. 

!brM-toet gNflul.te4 ---• or depth gaqe• _. _. 

out; io ... UN thl tl.tuati• ta --· lttffl. ·fhal nalot• 

•r• •IIIHI•"- no.,-t; 4uring oaa, tloo4 pert.GA cm the ~ 

lftnOh of tm Saliu m,..,.,-. Ia thi• inatuee, the height 

ot the ••r •• IIIN..-.A fNa a pftnoil 1.llal"k plu94 • the 

'Wi.411· aear tb4l l&l.1tMI water Workl paping nation dutmg 

the onn ot the tlooa. At'l:apta 'to .,.._.. ti. ~ 

ot ailtatiOJl in the -.rtowa neticma •n •• 'by dn~ 

1S.boh naiata bto the bo"°'1 at aeleeted looatit>d• D:.e 

·--· .... cb-lftZL 4-11 Ul'lti.l. notah PJ"ff1G•lT .. cota-

014•4 ntb tht eurta..• ot the bott.. J.t a lattr aw, thct 

1 ... 1 at tbe bo"°11 With reepaot to the• aotolw• uiiv• 

ld1\e4 the u:Mnt of ailt.attoa or •~• 

a,vo~- OODMlltft.tioa, allalllim.i.y aa4 •leetrioal 

re11at1vt~ _. .... _., prtau-Uy fo'# the p.Ul"pu• of 

d.1Jt.ftldning th•il w1-.. a the etftoieaq ot the •l•o­
trioe.l shook.er in ..... ins tht fuh pop\ll.at10lla• fheH 

,,.,,.1.bl•• baw been CIOU14enc1 irlpon.n-t teatur•• of the 

•J\~ f.nd are diaowt"d 1-r,. C-ol~rio me&a\&'"•• 

m.e11t• ot pl,_.. obtained. with llellip tndioator 1olutionc 

u.4 glaaa eompare.tor cliilOII gta4uate4 to the nearest 0.2 

uail• Alb-Unity DI .,..ured wi'bh phenolphthalein a.ml 

•'t~l oranp imioa'\cr 1olutiou and. tivated with 1/50 
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n.otmal •ultUl'io ao1c1. tolload.ng the •ifhodoloa pftn by 

· thct .Amfft.ou PublifJ' · lfaalth A.ssooiation · (l~. page 9h 

teeul.ts are espresHdaa part•···per millicn,{p.p.m.) ot 

. oal..S.a oarboute. Eleotri.eal neuti:tity 1llR81Jl'emDzrblf 

Wl"9 ad.e w.tth a · oonduoti Ylty · bridge and- dip cell manub.o­

tunA by li&4uftri.al Inst~ COlllpany•· All 'ftlue1 

obtalnff were eorn"1:lecl to aj°C. and exprened aa o!ae 

peJ"oubiO~I"• 

s-,i.a ot the 'bottora tO<Hl· orgam8d wre ta:ken tNB 

ruA-17 •l•ow4 e:lte# in UAb c,t the •jo1" oottoa tne• 
repre..-4. !'ht ll&lltpl•• WN 'taJcam· w.l:th the eq,are.foot 

at .... --.pler 6tHri.Md. by Sur-'b4tr (19~7). After sitting. 

tlJIJ orpni ... wv. l"911lO'V9cl and preaen.-4 1n 70 pe.rn?df 

~l aloohol. Vol,.,.ti.:o -.. • ..-ut. by- •tor tieplaoct• 

amt•~ ma&t aooorti%1g to tu· .nhod daaori.1-·d by tagler 

(1950) tor · teed nwli••• A.t e.pprostmat.ly t.be ... tim.e 

tW bo'btQa.eampl•• wre 'fabn. -.plea ot the 1'.ah popula"' 

t1on. both vout anti dat:tJJIU'l'b :mm-wout 1peo1u. ,..,.. 

oollecrtk!tcl and pHn""4 tor atudy of tood. ba.bi'tt. 

J!hni~l . Fee.ture;• 
. . .. . 

!!tRbcaet&-z• fhe •aaut"._mt preaente4 :1n Ya.bl• 12 

wre a4e dur1.llg nonial a..-r le'ftll• fhe length, aftr• 

age 1d.4th,, ud. area ot the variou.e study ••otiom &J"e 

•hOWA 1n ~ tirat three row ot the table. In the tir1t 

eol.vmn un4er tbl ~ag "Dtpth" a.re shown tbt arbi'lsraril7 

ael.eot•A depth •••• auoh aa O to 6 inOhe•• 6 to 12 

i.Dohe• • and 10 fonh. llD. the oolum:aa to tbe riglm are 
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··mlll u. JiOIPBODf#.lC .AND. nllIOAL w~uiua. OF SMY Sa<)tlQIB OF f!Wm' 
. -~- OF »:tnsum QVALffl . IR sotr:m:.ml MIOIUGAB 

t.n,:th (ten) . 

A.wra.- Wi4fcb 
(fNt) 

.b'et. c., .. 
te•t) . 

Depth •. o•. • (bohM). M .,.~ . .,, . . ..,. ....... 
ot th• aeet1on °"" . 

'-12 
~1 
36• ....... 

Jot1a•· tnt, ptl"• . 
oentap t4 toial. 
••o'fafftia· 

Silt 
sw 
Ora.Wl. 
llubole 
... dpau 

29.9 ,;., 
se.; 41.1 
26.7 23,.0 
4.3 2.1 

0.8 o.a 

1.0 o.s 
90.6 26.o 
8.4 67.9 
o.o 4.7 
o.o o., 

.1000 · 2300 300 500 

'5?>♦1 14.s 17.,6 14.9 
21.4 1a.; ;e.4 25.6 
34.7 48-2 39.2 s.; 
a.a 18.2 4., 27.4 
1.4 o.6 o.; 3.s 

J..o 21.a o.a 11.a 
93.0 )6.o 3.a 62 .. 1 
4.4 27,5 91.2 23.7 
1 .. 2 s.7 4.o 2.4 
o.4 o.o o.o o.o 
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. tu ....... <a0cupl•tl by -..h $OM in the '"VQ'iowa ••otiotut 

npr••••d·a.• peroent&gea of the sudac• area ot the reepec­

'tive notiota.. Completing tht 'tabl• 1• tmt F•••:ntation of 

ti. area• occupied by each of the major bo"-1. typea NPN• 

eatect. The•• tiguna are all-0 ··•x,reaeed a• pdeentage• 

of the total SUl"f&ctt ar•• ii. poesi'bl• a1gnifieanae ot 

the• val•• will b4t diaeuaaed. later. 

Sha4- Ind Oowr. Jfoowr awl Honill (undated.) abowtl 

that ·ui certain liew Bmpab:lr• 'kroub .-... 'theN _. no 
eo1"ffla'tion be~ bank oowr (abac.111) illl4 tlle J.l11!1.Nl"& oz, 

$U• •laaaea of t:J'O\ltw fblfy al•o f'ound. llO CC!'N"lation 'ht»• 

•• ahe1-r (biding plaoea} a:o.4 tro'tl'b nunber• di" ed,ff · 

elu•••• ._,_., the varie:tion in am.own• e,f abau and 

ahel _,,.. or oowr in their ~ •• aligb:t; in OtDpl!U"i•oa 

1lo th• extreme• toun4 in my study notiou. B•••• 1't 

waa •uapeotff. 'that theff ctr._, mt.gtrt; 1ai'luame trO\l't 

produetlelll •ipJ.ftoan'bly. tho extent ot these te..turet in 

each eeoUon •·• ••nret. 
fbt mu.11 of md-day aluMie in the etuq uotiot11 

~- troa none, 1n S•uJtion A ot the lfort;b B .. anoJl 'ho neuly 

oompl♦w ~ eoftl" in Pt.int Greek. The dense gr~ 

ot dAtoiduoua tft•• and •brub• lRIU"gining tbiJI lattw •tftul 

ha• 'been ••~bed. S•otion A of the liorth Branch :t'lOW$ 

'bbltough opa paature laJ¥l and ia entirel7 without abacle 411Z• 

Mpt tor tbat pl"O'Yided bJ the bridg(t on th• Ws:be~ Worb 

Road. Furthe?', there ar• no arq.a of undercut be.:nlcs :n.oio­

deep poolJI 'to provide ahelMr. About 30 Pl reent of Sectic.m 
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• ot th4' lmb Br-.oh tlowe through deoidlloua wooc1e. Thi 

~I' of the 8fft1mt Ja !!l. Opei'l pasture: 'but baa HT• 

e,-1 dMp· 'bol•• with undercut 'bt.nld. Tba atudy' 11i.1.Uon 

oa Wj.lde,. Creek la about 90 per.et sheltered taea the eun 

bJ willow pla:tinp. There BH nmei-oua 4eep pools \lrith 

good b~ •"'""'• Seetien A ot Spring Brook fl.O'\WI 

thl'O\lgh puturelan4 a.n4 )laa only an eatimated 10 peroed 

of :t.tl len,;bh oowred. 1fi th •~ide vegeta:tian. fMN 

_.., hon••• four ao•llent poolA with deeply \llldffou't 

'bulcli. Seot1oa ?i ot tbia ..._, although of gH&ter a.v.. 

age dapth (IM table 12) baa only slightly more utenaiw 

~id.e ahru'ba_. aiul· pl':aotiNlly no Ulldereut 'blu:lki. 

Bo"'-1 OO'IV' ln the torm ot a tew large 'boul.411l'a amt •'tualpe 

le ICNU"9'• 

Water T!!J!r.iinlff.- ft .._ been ce•tallf e.ooepte4 

(All• .!! !l•• 1916) that the ftrioua 1peoi• of aq-.t1o 

e,n1•1• blLw tU.ttvenii optiata ~ratlre ru,.. and tlat 

thta -,nature,, generally •bo• the ffl14poin.1i ot ·tie 

r&ll&e -tol•,.te4 by 'the apeoiea, ••• an ino.reaae in the 

ate of biolog:toal proeea•• ot the an::lal 'be;yo!ld that of 

higher or lowr ~ture•• . Th• 1RU"II._. the nter • with. 

ta liaita, the taa.ter :la the gl'O'll'bh rate and tlut aoona 

ell pt>ild.lnlieu.·••l an:uoala rea.oh --.1 ma.tun tv. lfVMr• 

oue worker■ haw lls1-4 altghtl7 tiUtenat w.1'1lte of the 

•m•"• -.tv tempft1l'bUN toletated. by tbl variO'!le ap,oi•• 

ot trout (Emboq, 1922, 1927lti BPoti:,. 1~; F.q, llan• 

and wan..-, 19'461 an4 otbara}. 
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S inoe a't ).east a fflfl tt'out weiwe preaat bl all tout-

ot i:"h, 1outbon Uiohigaa· 111~ tadel' ~~~ it ••..._ 

doulristul tha~ · ... •te.- -.,.ratuna in' ·any d · tlwa wow.4 

reaoh the l.nbal. lbd.ta reporie4 by iibttae worken~ X.­

n1r, tw11~ ... din.ga ot both a1r· and a• temperature• 

_,..·· taken during ·ti. e-.-r o1· 1949 ·8J14· 1950 t• 11• ,_. 
' . 

bd.ioa'h!on ot tbe •tt•ot of tharlllal dlttmmoee on tr"On 

' preduotlon an-4 to •how "he oorNlatioa bet.-en t.ii' and •ter 

· te.pel'atuna on 6DJ ._. n,_. 'the" temperatUN read111p 

· haw · been · grouped bto ~ho_. perioda amt _..· pr•HlltM b 

fil'ft .14. •~ ._ wo seotic• in Spring Brook ud tbl 

· two in 'hbe '.lorth Bnuoh of ti., S.U. !H.ver an a4jo1n1ng 

1n •oh~. the l'iteultl laff 1-en oaabirlN t" giw one 

en ot rMdinga 111 -.oh nnaa and thereby provide a lff Pl" 

IUlple. Admittedly• tht ma'ben of obaenat:loxm during a 

ata.•4 tiM ilrNl"'llll ar• a.o1i autf:I.Oi-11 to -~ the ... 

• _.... wmpera-tniM• ·w1tn aeouna•t• ... ..,.,.. tbef tU:te no 

dou'b'b -.deq•'te \o aeuun the con"tllati.oa baiJweea a.ii' a.ncl 

•tff 'MJBPli-&.~• Uld to• augpstiw of extreme• and the 

,--.1d.on1 tbenot (table 1, ). ITCIIII dmilar me&8Ul"~ •• 

11609 (1927a) -.. able to P-•diot tO'l! ._.._. in the 'ri.~in­

$.t1 ot Ithaca. •• York. the •xi•• at.r 'tempff&tw.-e tor,. 

any .taW air tcmperauure reading. 

In aplt. of the --11 naber of d.egee1 ot fr•••• it 

appeara 1ihat there u very sigm.fioant correlation at the 

S peroed l4'•l of e1gniti~ betv,e.q mean IUlml!Or aii- am 

•ter 1-nperaturee in. all. stnama ezoept the :lorth lnneh. 
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PAINT CREEK SPRING BROOK 

-- AIR TEMPERATURE 
------- WATER TEMPERATURE 
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... ---------------~-
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NORTH BRANCH SALINE RIVER WILDER CREEK 

-- AIR TEMPERATURE 
------- WATER TEMPERATURE 

Av.=80.7°F. 

7) (6) 
(4) 

(8) 

2.of. ----~() 
P..."·=19· (10) 8 

(lo) (10) 

_ ... 
66 7of. -------Av.=- . ____ _ 

_.,.. ______ _.,, ------... 

55.___._ __ _.___ _ _._ __ ---'-__ ..,_~__._--~--~----'---~--' 
10-12 12-2 2-4 4-6 8-10 10-12 12-2 2-4 8-10 4-6 
AM PM AM PM 



!AILI lJ. OOIUlEUT;tOB OfflfffICDIS OF Alll ~TUBE Wl!m. 
DO StllBfflR WAUa ~UliS IN FOOR S~ OF 

Str_.. 

hint Crea 

Jorth Sftaoh tit 
SailM 11....,-

W1l4w CJN1tk 

Spring ,,. .. 

IXDEMI SountmUf Umt»AI . 

De~ C.o~lnlotr. 
ot ooeftioieJxt 

m-4- (r) 

0.967 

3 0.100 

2 0.97$ 

3 o.~ 

Sipitl•t corr♦.;_ 
la~C$ cd; $ · ptr• -= l.ewl 

(r) 

.Q.878 

0.878 

0.950 

o.818 

Jo,, the 1t.vbttt ....,,_ttaa of :riCUNt 14 w:tll ann • a.p. 

~. lag in tblJ rt• a.« Ml. ot •• temperatures &I 

the ~ ~~ b.oreaae anct ~-• This lag •• 

plut\a -b• laok of oornl&ti• (l" • o.160) • and 11 ao doubt 

AU.led by the Hlatiftly great diateue• betwen the point• 

'tfheH teaplhturel ,...,. Na4 and the •o-- of apl'iDg 

Ii ~ 1'0?'4a• the water in flowing from 11- eoui-a. 

to 'the o.ail!ilainam ••~iiiona ad bNa IJXp()Hd to YVJ11 ait' 

. (dtAftaOQa) tor .....i bow!-t and •• atill •OOJ1ing ~ 

afte.r thlJ air ha4 ·1xts- to cool. 

. fl~. &114 S1l"tati.Oll. S-. 4\MtNU.Oe ot opbim, 

•ppanntl.J exilt 1n it•IQ'4 to 'bbfl •tt•ffl c,r tloou a 

.nNem lite. O.l'"ldllg (1950) in m lm:ia• ..._ re~Ntt 

75 per""" of th• ......... u.- fish pc,p\tle.'bl• f.n it• 

origilial 1ooat1on a hw da11 toll~ a..,,._... flood. BIJ 

to..a that $mall :f'i•b ..-. not mote •nowaly atteote4 
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tbaa lu'go t1th by iJbe tlood •te• • 0A the O'thW band, 

1-4 (l9l,'6). "Pml'W4 that fl~.,__, Nft.OWI troub. mol'• 

talitJ'. piU'i,1eulal"ly ....,.g the -.11er brook trout and in 

•tteals wt th low ba.nlce. ln adti tioa to diff<rt fi•h mor­

tality• tlooda e• alao Np01"1i41d to lowet" the a,r.ygm level 

of the wat.- (Fai_p.Dba•• 1936), am to oaua• a mu'bd 

dew••• in the 8Upply ot inwrle'bn.t• tongo organi..,. 
. . . 

ttwot:t&h ~g aeti.011 aflAl Siltation (lleTin, 1936; All•• 

l951J ..__.t 1951). 

J'l•tua~iou :La l.ewl amt wl_,, ftriecl greatly from 

•••• 'ho •---- 'bbro~ 'the peri.ocl of ~. !ts. gn&t• 

•• , WNU«I ill lnel U4 ~low abow fN1111111tr ~- 000\ft"ffG 

in thfl loJ!obh lraaoh of the Saline Biwr ...._ 437 oub-lo ff,e't 

per HO'On\t ot ftaw were •••--d. on •il 4. 1950 (11uram1u.­

n.OJ'Sl- 4 OU.bi• feet per aeo-4). !ha Leupold-S~ 1Did.,,. 

,-ta INft'fll\ neter ._. -.p1•4 to --•lAN the eUl"N11't 

wloott,,. All other -.1,., Gf YOl'Ullll tlaw (fable 14) ~ 

'baff4 on wl.ooittea meu,u:,e4 by tlw f'loat •tho4 deaori.bed 

,.,, ffltloti (1942, P• 1") ~ are pre•taably lfll aooura.te. 

A~ at maeuring the •xtea.t o£ alltatian by .._ 

Qt etai.s dr'iven into th$ •wetm bottam were auooeaatul. onl:y 

to a alight •P'"• With the excepti.Oll 0~ tho looatiom a'b 

tuch arlolr• 1n the Jorrth Bnncb of the Saliae Ia.qr, the-• 

•• ei thff no 4'Ppu"ent chalgi in tbt bottom ltrnl at then 

point• OJ" ti- IIU'DN .... N••4· p;reaumab1y by llooda. 

t.t, it •• lmoa trom maps made p."tn'ioualy tha.t :bl both the 

l(ll'th Branoh ot the Salim rd.vv and .Prdnt OreeJc th.ore •• 

eon81Qr&bl• shifting ot b:~ materu.la and ehangea 1ft 
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bbl• 14, JMXma ()Jl$.ffll) i'L1JCft1ArIO• D' vam tll'BL 
AID VOLllll OF Ylllr Ilf FOUR SOtrnfElUI MIClllG&lf Sf.RIAMI 

Pa1ld; Jlol'th Bnaol1 of Wild• Spr!Dg 
Cr•Jc tbft S.U,. li."9'N" Crt•k ..... 

G'ba .. , ....... 1na1 
•"-• notJllllltWtae•• 

•--lY t1•• o•:t• 
fN't p•·eeool\4 

l'Nd•• tl•• ._1• 
feet pet' •00!1.4 14 

9 5 

10 1 

39 2' 

\Ji--1.' 5.1 ·• ial ~ the awra• of J ~o 7 ;.. •.• ._ •• la J\lmt .~ 
JtaJ.7_. 1949. an4 1950. 

"'t.lue d♦t~ U811.lg o~•• l'llt•r; others h7 tloat •tho4. 
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~tll,, pal"'bio\1lar1y tollmng periods ot tdgh ntfJr. Tn 

•••• •et out :i.n. lovember, 1949. nea:r a 'brmm trout apa'Wning 

11te tn olean grawl thml9411 ro..- ,..1a, later, a c!epoait!on 

or 4- ~o 6-ueh ove .. lay of •ancl.- fhe etteou d s1ltati"11 

will be 4iael3ae4 1n a later H«Jtion. 

11- ·meu. •luea of ••leo1leel ohudoal teatut-e• ca• shown 

ln Table 15~ Data tOZo the two hetiont on the •am •~ 

lla-ve hen oabi!Mlcl aiac• no apprecdable diftorien•• in 

•1•• ~cl betwe• •uoh aeot1.- on the . .._ ••• the 

41tt•enoe• between_._. .appear to 'be eo 111.!all that it 

·1• doubttul if ~cen•ion o~ation• alJm.lim.ty• or 

eleotneal re-1.et:S:nty influence trout ~duoti-on f•TOnhly 

in eosne .-.. or urd'&TOn.bl.7 in otbe.rs., . Bowewr, t.hti 

s-e,uiu an preaented lwN· $11C1 tbeu posaible e.tteota are 

••••••4 later. 

Conatdltntion ot the biological £atl8'$s ot a atrum 

wbioh •1 atte•t tuh produetion ohoultl melude· aquat,to 

pla.nte Nld AAiNli preavnt u •U •• tmU.r •oolog. Bow­

..... ~. thwe •• such a ._.,oity ot wptation in. the ~ 

~•d tltat 'the vegeta.tion intlueue• ay be ipoNd. 

Sin• a l.a.J-a- part of the field: #ttud:, •• o~4 wtilh 

'bM eoo1<>Q' ot the N.ab populatio.n1 fouad in 'th.tt 'VU'ioQ 

•-..m eeotiom,• thi• dieouaaion ie presented. in another 
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TABLE 15. DAN VALIJ'Sl OF H'IDROGB!i-IOI OONCEN'lRA:UOH. PDIOLPlffflALEilf AlID MfflffL OlUliGR ALKALIIITt. 
1l-ORMAL OAlWON.ATE AND BlO.ARBONA'fE. AND RESIST! VITY MEASURED IN 

FOUR S'fllAMS OF EXTREME sourm:u MICBIQAB 

Pbeaolph'tbaleill lionaal oar- Jat.thJl oraap B1oarbona.te Reaiativity 
Streaa pJI ala..litiity (p.p.m. bonate (p~cf••• allw.bli'ty (obma/co e:b 

eaco,) · oaco,) (p.p.-. Caco,) {P•P••· ca.co,) 25•c.) 

Paint Cr••k 1.<¥:> 11.8 23.6 fE'/9 255.4 1652 
lfonh Branch 
Saline Riw-r 7•85 3.8 7.6 f!'/4 266.4 1224 

Wilder Creek 7.71 5.3 10.6 249 23a.4 1949 

Spring Brook 7.98 12.1 24.2 230 205.8 2179 

.... .., .... 
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Notlcm. •· &8jetr topto. Qf tbe ardma.14 p-••.-t• only 

-.i. ~mt•• azr• oonsidffecl in th!• ••ot1aa. 

foc,4 $9J!lz• ilurUg ~- ptriod ot May 5 t. Auguat '• 

1949, 110 -..pi.a of the .'btrl;t.-. .rood o'l'ganilU ·wwe taken. 

tor the ~oP et prOT.\.d!.ng a .__. of ~lng poten'tu.l 

prod.uc'fdT.1ty of th• •--- 1n tum-. 0£ f'ish too4• ~ 

bf OGDpri.J'i.g the a.lnllt4ancu. or t.nque.-y o.f ooetttffnoe ot 

'bha ftt'!OWI orgud.••• bath in the bo"• --,l•• and in. 

1$81pl• ti•h ~•ht• 1-t show.cl" poe1t'ble to ew.1••· 

~bet.•...._ u pi-oduMzte of ftih too«. 

fh,. bo"'-1 uap1•• wr• Ot">lleoted and anal)'h4 •ooo.r4-

.ln$ ,t~, •• mriho48 u,_.11,ea nrller. !he· mabeN of 

orpnt.,,.. by •3or ~c groups 1n nob. ~·the •ix 

atr-.m ffO¾OM ·U"e. •h~ a ft.bl.♦ 16. Vol-ume• ..._ not .in­

oludffll. ~ the 8-ll 1iae1 and ._11 n•ber• of al'J!d 

ot the 01"~- tn. ~ -.plot made -rolumewio de~ 

atiOili b.poea!bl•• fhJ voluae ot th••• Ot"gan1-.. •• 

NO.-a.a. u e. ~--- Pd bilmff eoul.4 nab be addM. It oau 

l>t .._ ·t.i fi'icboptwa .fmd ll1pten. pruoipa.Uy fuldi­

,.._..,. ,_.. thlJ. moat 2l'llllero\18 ghupe in •11 ••otton,. A 

._.. --il•d uial$lf&I ·t,t, l.oweJ". ta:c~o 1-•1• of 

elueitioatlon. u pr••>:be4 as Appalldbt lll.. where the 59 

.fttt_..llt klncta., identi£1e4 to •~$.•• i• •-- iJlatia-•••' 
~. Uatea. laol-.adet .are th19 total n-.be-t'a ot c.,rgan1 ... 

. M4 .the mt._., ot. their oocui-~ ill the -.pl•• 
Qilt .of .the out•tanding tea~• ot the dietrib'u,ttol'l of 

t~ 'bottCII udmah la the ffll"ee variabiU.ty as ehon. 



TABLB 16. m m.nmmt or s~ AND m ~ OP OR<Wlm•. 
ll10lJP1ID· %1 l4&.JOR t.AX.OIOl4IC Dl'VlS ~, .fAID D S 1.X 

SICttOIB IH SOU'fB$U' MICRIGAB 

~• o~ --,1e1 _..,. g1Wtt bl parenthe ... 

lor"bh ~h S•li.Jae 
Milt b wr Wll&tr 
1Nek · · l•ril• section ~k siitlaa l•iil• 

J 

hrbt11..na 

Ollp..­

-.ni-opoaa 
'6lN1POQ 

Alnphipooa 

leuropt_._, 

~~twa 

~~ 

t~opn. 

!1'1ol)optln 

l)tptw& 

Aoutu 

• (i§j 

-~· 
14' 

11 

••• 

··•· 
' 4 

1 

91 

a 
a 

' '19 

4 

797 

A I 

{ill ' <e> 
••• • •• 
17 a 

17 44 

• •• a 

' 6 

3 ,, 
••• l 

4l 48 

••• • •• 
;... 26 

17 51 

260 ,lb 

4" 692 

4 5 

8'3 1253 

A I 

l14> crn tmJ 
••• 1 . 4 

' 32 32· 

3 11 4 

3 s ' 9 ••• .. .. 
6o l 2 

• •• 4 6 

••• 46 52 

• •• 10 14 

••• • •• • •• 
90 138 178 

173 1021 ~ 

719 31'6 631 

.... 9 s 

lo6o 16'4 1825 
,. 
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· 'both 1n n_...z-• -and vol•• ot org4US1._ per· ~1-• •._.n 

1d1h ....... tNlll ap,ueml7 ltl8die&1 situ&'b10U am\~ 

ot 'bottl-. fh!a -.r1&1d.11tt i.a bd.icate4 (Ta'bl.9 17) by tht 

large ... 1 .. ot the nan4arcl dflia1;i-. ld.tb re.-pe4't to the 

oorN•pOlld1 ng •-• m. the, 1Utple11 are nratift•4 .... 

· lu.,!bt• ~. tbt w.tiAtioa 1a g.-ftlly lAsa -tbul wi.n. nca­

.-.1d.t'1•4• witih a tn .-ptt.-, hll'b tbq ~1 -to appi-o&c.tll 

the -.s.lozsf:tJy r~rt.4 by Ltonard (1939). _ 

Tbt. ~- {~cl ~tion sq~) tor eMJh 

'bo'b1Je ~ ia in ... ~• muoh ~•wr thUt. tblt man. 

Mt oom.tttton Wioat•• that thtt cn-gant-. ..-re c1Ulftpe4 

b4 not ram\oly di.-tribute4 9ftXl Within -the ajo_. ho~ 
-

tn-•• it oan 1$ aeea in lt.ble 18 that the 'YalWJ• 14- tht 

~tttiri -.plff approaeb the Potttac:m. 'li1'P' diav1:•¢iQJl 

•r• ol.oMl.7 thU thq do the normai. _ ·· .. · • ••WM . t.­
ul•• of tho• noutratifiecl aaaplea . ..,. ao greatly btlu­

eMecl b;r thll a-.pl•• tak4m in --.. it •--• mprturttoal to 

Qlaulat• a Pio1••• aeri•• -to •st tor ftt. 

I•••• of -~ peat vu-ia:ticm iJ\ n-.-r• an4 vol_. 

ot o,,gani_. pet' uzd:t aN&, a. rele:b1V$lY --11 n~ d 

enpl.u 11 ~tiftad ~ ntn nratitiH by , __ type,. 

tfUUl:Qt • used to ••that. with 6'lrl' degl'N ot oertainty the 

i;Q'tal pop\llatif.m of .O't~ bl • knGWQ ana. Ft-om a 

ftlrthef, exatdat1on ot !able 14. baDver# i-b does_. • .-.a. 

•®abl• to oonol• that 'bottom typ&e may be olaaaif'i♦d 

m deoreaahlg o,.•i- ot rioblzea,. both by nUlllbv and wl-.. 

ot ~pn.1-- pet' unit ..... al .tol.lGH 1 .11;;.. rubble. 
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TABLE 17. TEE MEAD Nm.mERS AND VOLUMES (Ill CC.) OF ORGABISMS AND STANDABD DEVIAtIONS (IN PARmffHES:&S) 
OF 110 BOTTOM SAMPLES. NONSDATIFIED AND STRATI:Fnm 

BY BOTTOM TYPES 

Silt Rubble Gravel Sud Non.nratifie:4 
Study area 'ltl!llber Vol Ulle lhaber Voltae lJtaber Volmie Buaber Voluu lhaber Voluu 

Paint Creek 125.5 0.99 ••• ••• :;a.3 0.50 19.8 0.09 53.1 0.41 
(109.0) (0.661) ••• • •• (29.1) (0.173) (17.6) (0 •. 059) (70.6) ( 0.516) 

North Branch of 
the Salim Ri..,.r 

Section A 81.3 0.75 54.5 0.63 42.2 0.30 15.e . 0.05 14>.3 o.i.a 
(39.4) (0.310) (29.3) (0.330) (41.3) (o.3o6) (11.0) (0.035) (37.9) {0.,.,4) 

S4tetio:ra B 129.7 0.70 67.1 0.57 51.0 0.57 17.4 0.05 54.5 o.41 
(56.8) (0.519) (114.4) (0.692) (49.5) (0.874) (26.9) (0.110) (70.7) (0.583) 

Wilder Creek J.42.8 1.73 42..a o.46 29.8 0.20 10.0 o.14 1.i4.o o.48 
(11;.7) {1.52) (44.6) (o.L48) (;a.9) (0.255) (a.eo) (o.l4a) (63.a) (0.576) 

Spring Brook 

Soot.ion A 102.0 o.ao 231.5 2.40 89.8 1.54 15.0 0.18 114.o 1.39 
(46.6) (0.283) (67.5) (0 •. 547) (74.8) (0.546) (11.5} (0.189) . (98.6) (o.5&4-0) 

Seotioa B 6;.o 2.28 282.3 3.10 82.8 o.~ 28.5 0.15 114.0 1.50 
(35.6) {o.826) (32.6) (0.336) (12.9) (0.~59} (14.3) (o.o4o) (104..7) (1.340) 

... ... 
. V1 
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gr&Wla hni. fbt• lining it U1 OQllpl ... a~nt with 

'tba"G ot ·. ~- · (1934) ba••4 on·· &l'budiff :1.n t~ BAI_. ater­

•-4 1a ..., ?erk. ·fh4, notattl• •~tion ts ·Spti.q Brook 

.. 'ffl'T larp lmlllbeft. f4. oacl41•fly '~- (~•!m!!!VU.-

. : ll'lllel'i.._) are found on tubbl.9 'bo1itom. and to a 1-•aer 

~ onc,awl, 

1' wolll4 .al•• •• Ml•. to ,..__. that th.Of• · •~ 

.. ot1one ~ • . ld'Ot peroe.ta&11 ··~· thf)ir ·~ ~""' 

bf •U• and rubble (aa irult<sated in fabltt 12) are rtober 

tbm thoae in lllh10h aau -4· gr&.ffl pAd.ominat•• CD ttd.• 

•••-,tta. it ap~ that 'tb8 .aeotione my bl!i liaw4 ~ 

__. ot "-•••lnc ri•lw••• b7 volume ~ orgam.-. pe1' 

-..- toot.•·• foll_,.t (1) Spl"inc Brook• Section•• 

1.,10 o.o. •• (2) Wllditr Or•k• o.626 o•• 1 (;) Spring Brook• 

8♦ftloa &• 0.550 oo • .t (4) Borth Bnnoh of the SUU,tll ~wr. 

$-eotift A. 0.253 oc. & (5) P4b.n1 ei.t_ 0.133 eo.J an.A 

(6) l~h ~ of the Salincf m.ver. Sse'tion Bt o.os; oo. 

the• da\ta merely gift u apprc:d:mat:lon ot the rel.a. 

1siw llfft o~ the •t••U.ng vop of :tnwriebl'&te• in that 

ftri.o\la etrealA eao1t1C'M at the time the 119ap.llxag •• aoo-. · 

:plii1-t. ~hey do not ind.loa.te tbs ~~ ot ·t1,;t 

-.,rioue group• as tooi orgam-.. 

Focr.i lfe.1.d.tllt fbe ,tomaohG fr• 265 fi•h fflltN 0-011•"'"4 

u4 the eontent• anal)'lff by the same methods e1nplo,ecl m 

ti. a.nalya!a ot thfl 'bot'tclll saq;,1•••· With very tw acep. 

'i101'l.t1 ~•ha were tak.ea e.t the time the boiriJom aampl.ea 

wn 0011..-4. !he· fish spe•iu repreaentttd include trou:t 
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USLI 16. JUQUPCY DISBlBU!IOII Of ORGAll871S :Qi UO Dffl<B 
SAJIPta • IO!lStRA'llnlm MID f '.r!Ulflfm& BY Bm!TOM Tl'.PJS 

...,_., ----. ·,-r ,-ple 

I 
0 
2 
0 
0 
0 
4 
l 
l 
0 
J a 
6 

0 
5' 
l 
J 
1 
1 
l 
0 
0 
1 
l 
0 
9 

4 u 11 

' 13 21 
s 8 16 

' 1 7 
0 1 e 
1 1 3 
4 l io 
4 e ' 2 0 3 
0 0 1 
e 0 6 
0 0 e 
2 0 17 
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n..-i. . ..,. ai>tr,.tu ~ .ot tht,.,_.irdq 2'1 
., ' ' ' ' i,'· ; ' 

,...1"4 b. T4>1,_ ll"• • 'f;t9.0$ 1.o. 3.1 c:nlbi• ~~•• 

l'.t -· ,...,., tha:t gttl\eft~lf th.oh org1m..- Ci.A .... 
. ' ' . ' ' ' ' . . . 

OWJ'e4 ~ flftq\l4tDtly in. the ~- -,1••·· GOO~ moet 

._.onlJ b. the W~ n.-.ou •• •11. TM.• •• nal 

al.•1' V\111. ol ~~ aallff non.Won lpe·oiffe In ..., 

!tUl~a, toulp1-, bla••-- .... , a-. the ._lleP •­

ahluer• bal te4 • organi_. that b&c1 beeJi ta.km rarely ~ 

not at •11 in th• bot't• napl•1a. Uluall7• t..-r ~ 

ot orga__. ..-. laill&ecl by thue ama.U tiahe• t-.n by 

vol.It -..· t,u,ge-r indi:,:t.4\all of thft .... speoi••• u u 

---,i., ht S:prillg Br•• 20 aoulpilut had. 4Nlte 16 Jdnd• ot 

tawwtewate•• 11 blaokaue a.oe •• ... -..ea. 10 arm-. 

tne•. whil• ll brook: VCl\l1;t 22 bro1m -~ .um. 9 rata'bolf 

wout at-..bll oontau.4 30. 36. ·amt 29 ditteren Jd••• 
te-,eat1w17. :blolm-4 £Ji. th• tro• •--•• wwe 1 kin4f 

" 

of •~ns'brial inaou, nont of which ...-. tod in .the . 

... vo-.t apen••• ao-'991" • ln the lorih Branoh o-t the 

Sa.U. Ui,er• 1 --•k o~,, 9 o.omoa ehimi"1,, and 4 pu11,p­

-n•11••• rat,;p:ng tr. S 1-b.ff -to 1 Ulohff ill l•ngth. 

ha.4 OOJ11uiae4 l4.. 11, and. 19 dtftwenb tne•• wbereaa la 

W«wn tr~ut amt 10 ftinb-. bad utiU-4 26 an4 26· kl.-.•, 
:,espec,tively, a fae'bwbioh :bldioate,a tbat 81$• of ft.sh 

b relatiO!l to th• au• <4 tood items detel"min♦a to a le.rge 

.-nti tbe food habit• and pret•renotte of the apet,i.••• 

fM ,.,. Nlationabip 'between size of ti.ah and food 



119 

p:,,, ..... 1• apparent.ill the: data.trta Pain'b and WU~r 

c,••••• .(,ot-.a ~l•te listing ot •~h .-1.y,Jia·.data 

•• An-DtiX rr.) · . 
!~ forage rt:bio• (He•• an.cl S-..rb&• l9ql) of a ~i­

of. orp.ld.• fr.r, 41tfeNA't · fi•h •~oiea ,_.. oa.lwlate4, bub 

bo••• ot the gree.t "VU'iabil.1t7 ~. the bo'bt• ealq!ll•• IUl4 

ricna•h analya!s daw.. the7 appeal' to have lbdted ftlwt in 

de~ the too4 .,,..,,. of atr ..... 

Althougb. ._. ~tition tor toocl. "-• 1,ppe&l' to enat 

~ tbe ttout and non-trout goup•• 1u Ht'iouaneta C$11• 

ao't 1- ~cl, •hie• the toot\ nq_ldt'aenta of t!}f.tl•h 

populdltma in. r•la'hien 'to the t-oo4 aupply are not· bl.-. 

~•cla-ttoa ou yow.,g tro\lt by aon-wout •peot•• appnn. to be 

-.. • .. ,..,, iar- bron vou:t ~• na~val wwt'a ,... •• 

to ,-4 . on ""•atly planted,. ..U.r hai:e~.rearet raub_.. 

(lor ~r ct:.t.ftaaioza of oompetition tor toot..- bt-l••> 

A Jtn.owlnp ot the t1-ee and eompdition ot the f'iah popu­

le.t1oa at ..-uioua seaaon1 seems •••ati&l to th• llowul 

~g•eat of• tz-out ~ Such int~atioa •houl.4 iulud• 

n.,_H, •:Lghb• aDd tli&• di~ibut.ion of the tJl?ffi•• ~••ont 

10 tha.t ,tr-. produotinty may " me&alr•d u4 rate or 

lan'eat ~ a:a.glvt l"fllgult\tecl aooordugl;y. 

IQ the attqpt to mepur-e the ability of th! etftatd to 

nppon &114 ~-- V'Qut• 1peoW at:tention •• P8'i4 to the 

,f"b, ;populatlom 'bhe..-lv••• Population ••~1-tes ..-. made 
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pwio41oa1lf to.~ ae&19•l- •~• in· epeei••• ...... ._ ... 

•0111po&it!.Gr1 ,m4 t~ ~• ·.i;)w. 1NM'i-1 rt\RS . of. th• -~• 

Ol>MM'fl:ld ..... during the epawrdng aeuoa wer• au to ~ 

tb.e ~- ·&JlG a.u.oceu ti -~~ Aproduction. s:oale ..,_ 

p:l•.• .... tai.n. h'• -·Ul;'Uly Npl"~A tl-out. for ~owh . 

aalyt!.•• Finge~linO weN p1-w4 !.ti t_,. ot .the #tNaffl• 

:lA. ne .. 'be.r (--,w-7 ot eal"1$.~ ~ldng pnni•) to 

,~t a c~iJao.· ot.,th• ~--• of_ aueh plan'bing 1d;th 

that Qt 1epl◄ie•4 tiaJl •• d-1ng the: fisbiJJg -•on. (JllOl'e 

~---~ .p,tooedtW•)• 

s~ all fl.ah •tooloJ4 in '\;hen ,tr_. t<>r ~al .yMN 

pril# to 1949. ha4 .·bftn area., :tt ,.. ua111.1l,1 pQanbl• te 

4i~h wild .trout ti-• planwd artook. ·The tactt tbat 

• llJlilat.kect . h&tomtr, . tnub f>r th•• marked with a tin,.ol.ip ».ot 

eobeAuld tol" telea.s• e.t ti.t time nr• r&Nl7 eoouatoffd.,. 

•~•t• tmt. fine .. ooopwaticm f4 · -.tobary persoael. 

s-.eoial eb.Nlgea 1zl -tb• rolat1-ve f.lnmdan" ot o..-1n 

tiab ·•1•• RN obane4 mall the atuq ffO'bioU. The •P­

paNtdl o~• in •~ ot the lar~r fish are no cioubt 

ru.1. w)J.6Na1 tho• ot -.ry --.11 specimen•• auoh aa t.he 

blaoknoo 48.oe• J'.o~ dart$!', aoulpin, ad. others_., lie 4ue 

itl pan to ftpl'i♦• of tha QJDpl.iag te-oha1que 11bioh 11 

ad.mt twtl:y 1••• reliable fQI" -.llw ti.ah. It __. poimttcl 

out evllff tlat the Jai-g• ti. propOl"tion ot marlat-d f1ah 

i-e40Vuri.. t.be more valid thlt estbiate of the •tan.ding o:rop 

ia lilr:ely. t• be. Wbeft ne marked tieh ue ,..oo,,...•d.1 ao eetl­

•t• at tbl!J number will :no't be postd.bl•• Varia-tdo:na in the 
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. . ' ' ' ', ' ; .' 

Jatiou in the a'tru4y area• are shown 1a fables. 19 to al+. 

Estimate• an ..... , to ,,. Nlia'bl• adpt WheN imlioatecl 

otberws. ... 

During the period. of study,. U •P••l•• were eneounterecl 

l2' Pairrb Creek (rao.i. 19). or tu .. , the bog 19UOlfltr, com011 

ahiner • bluntno•• Id.rm•-• and. brook atiOJd•baOk appQr to be 

rathtW _._.. agant. £.-. the mon ~ and ~ watff 

••••~ .. dowalltnaa. the taot .'that ta n.-1Mti- .of White 

auoli:er• 1aorean4 .Its 240 p• ••• • J'Qltll 7 'bo 335 par..-. 

. on Augua't 19.. 1949, wbile the wight of tbtUfft fi.eh duril&g 

the ._. period Aeorea•d troa 54..62 -to 46+90 poumla p8l" ~ • 

.a be nplatneA. lluri.J'Jg early Jae• then ...-e e1)!ll pre--.t 

· in tht seotion le.l"ge mtta-e suenra wW.ob. ba.4 reccu'l'tly 'PA'IIM-4. 

lom of ttwe• Nmainri while other• gn.4u&lly <1roppo4 into 

the lowe" pol"ti<mB ot the litNam. By' August 191 young auobra 

.,.. being i.iabln and included in the est-tma'bea ,r.t:bb ~he re­

•ult that llOre fieh •igbecl le••• The chtoNtue beth in •igbt 

ant ma'ber :tz;ma •Y l2 to J.- 21, 1950, appuJ'a alao to be 

dirootl.y o~lated w1 th tbt spa.,ming mi&TatiQJ'l. ot the epecl••• 

17 Juu ai, JIIIU\,V' ~t tbt a4ul ta ba4 r•-tnr.cl to dtnmlltnam 

aw.a, while ilhe young wer• !l1)'b ye-ts 1arp enough to appear 

la the ._._ Neulta. 

Th• gradual a. .... iJ1 thlt n~r Qt be.lo-.e aaoe and 

.•oulpl.U •1 be 41.sa00ia.ii•4 with the inoreaaed ~ of 

lAga1-aia•4 voub planted in Pa.int Creek d~ing the 00\ll"H 



Ult.I 19. $BASC1Ut, VAJUA1'IOJJ nr fflil C..U.ClJLA.fEI) SlZI OF nm Fl:SB .POPOLAfIOll 
OP TD PAlft CREEK STUDY AW. 

Speed.ea 

BNlm trout ft:; JJ'6 62.94 259 (>S.95 171 22.79 76 
1a1n1>w tNut 19' 11.l.4 ~ n.J9 38 J.2J as 
Whit• eucJcar 54-62 2140 4'.90 3~ 69.61 2SJ 29+1J 145 •• •uoll»r •••• •••• ••• ••• • •• • •• 0.93 ' Or••· ohub 2.34 101 0.09 6 1.01 152 ••• ••• O••• ilhiuJ' 4.90 70 ••• • •• ••• ••• .... • •• 
Bl.Mbo• .... 9.1.,3 1139 1.37 165 0.25 38 0.70 51 
Dl\ll'ltaOM m1mlff o.o6 6 • •ii ••• ••• ••• .. , .. • •• 
JohrrnJ darter o.o6 25 0.01 6 ••• ••• ••• . ... 
lroelc 

atttckle'baok ••• •••• ••• ••• .... • •• 0.03 ~ 
Soulpin 61a.68 ~, 35.17 5861 20.51 2550 40.09\15331 

!Of;UJ 220.ea 9506 157.92 667' 168.73 3202 96.90 5665 

"• prffiouei; marked •oulpins wve r•oowNd in the seconfl 1shoold.Dg ot t~ 
section. 1'heretore. tt. 'values ••4 b,re are the awragea of tho•• ob. 
~ion the other three dates. 



ot the trbudf• b avet"a• axm•l plant•• inoreu•d troa 

t.pproxim:tely 150 trout cl\U'ing the penod. ot 1946 to 1948 to 

1,000 in 1949. Fluotuatiou u the ntlllbffa au wight ot the 

m.tural noefk ot aalJnonia wre alao eYide»:t• For th1t period 

of atuq. trout a,wrage4 39.6 pell'o•nt of the total weight t4 

tht poptda~I.OL 

~ tho ~tigation• 19 apeot••· ot fi••• ,_.. ob• 

•e.net in Seotion A of the !forth Bs-anoh ot the Saline Ri.Vttr 

(fabl• 20). the iatNquezrb oeourNmee of such 1p,oi•• as the 

Mg auolDW,, tM honlybead ehub• and the bluntnoff llilmGW U 

Seotion A and their appar•nb abundano• in Seetion B i.nmwdia1.ely 

,apat:nam (ae Table 21} 11ugge1t that th• lower study area 4•• 

not ,..i\ the t..bitat ~au ot these species• .t# • at 

lea•t tha.t they had mve4 up•tnui i'ra. it. 

fta lltSber of white suokltra appeM'it .to be aueh ~• 

·ate.bi. in thEt· North Bn.noh ot tho Sallu liiwr than ill ~ 

Cl"Mk. Couirl.wa'ble n'labeit• of adul ta were :tO'Wld in bnll 

•1nld¥ area• at all ..... oaa ot the year_. tlw 1light aeaaoal 

fluetua'tiou in n•bel't _,. 1- oaus•4 by upstl'eem Uld dowa­

ltN• Jdgra:ticm• through the attettiou. Diaouaaicm of the 

trot$ population in th, lortb Bruoh will be 4-lerNt UNp't 

f• tbl .-,-.\ tha'b th«J pcpUlatlon appareutly ie ma~taiae4 

atinlf 'b1' ba:tebtey p~ at lepl-aS..ed. trou'b. 

During ·the period d ti.. inveatiga.~1•• 18 apeci•a nre 

reoorclecl in. tht upP4»" ei:uq ••ott• cm tilt llorth Bra11oh ot 

'bhe Saliae Riwr (fable 21). AA in the prevloualy d11owsaed 

populations• and as mi.ght be expeoted,. there•• a general 
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TAB.LI 20. $i;ASOJO.L VARIA!IOM lB m .OJ.I.Cm..A.TED SIZE ... OF in FIS.ll POPULATIOI 
ll lTtJDY SECTION A nT TEE NOUB: BRANOll OF fflE SALM RIVJm . 

Val••· u-• a::pre••• aa maibfft fU'ld po-4• cf fish pea- aor• 

Speed.•-• 

..... 
trout 13.44 ~ 7.47 J 73 4-J.i.O ' 160 

Rai .. 
vao ••• ••• • •• ••• 38 o-;, . . I lat 

ffld:te .... u.74 394 1a3.ea ,04 274 121.13 106 J.126 
Jroribera 

ndbo.-ee ••• ••• ••• • •• • •• 6.25 ' • •• ., ••Jau:o Jti58 19 ••• • •• s . ... • •• 
Ct-••Jt Oba 6.94 302 o.;9 109 750 18' lh4 
c..-

Clner 33.22 ~ 11.11 76 13 29 76 
Br#nthea4 

ohQ\» ••• ·~· ••• • •• 22 ••• ••-• 
Bl&oao• ... 2.52 31; 4.08 204 878 321 197 
11~ 
~ o.os 14 .... ••• e • •• • •• 

8toatt..-Oller 16.89 3f1'/ 10.;5 310 1035 410 451 
ara.-. 

piolotrel 0.73 8 .... ••• 43 6 12 
~ 0.21 1'9 o.86 95 30 21 '6 
!aitl'bG# 

tta,ter ••• • •• o.o, 8 228 114 28 
J~ ... 0.25 84 0-.03 
.ter~uiJ)l 

14 285 528 394 
blAoJc ... • •• ••• ••• • •• 17 • •• 3' 
~ 

... a. ••• • •• o .. ,e u e • •• 8 
Boek ... ••• • •• 1.52 3 8 3 3 
&eul,S. 29.25 :,aso ,,.59 50814. 461.l J66o 7383 

101.'AJS ,4,.ea 4911 255.63 6281 539' 9476 

~i•b 
., ~· in pre'f'io\tf ~·· 
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tndamy toward uaoreastng nwaber• of ._11er sized 1nd1V14-

ua1• aa the .-acm progreaae4, probably due to reezruitmen'b by 

yo=g .. ot-tbt .. JNi" tieh. fher• i.. hO'ftffJ', • gndial decrease 

(with a tn -.xo•ptiona) 1n a:nrage •ight ot tiah tran Aprt1 

through August tor euh apeoies •• the whit• eu.clcttr • cl'ffk · 

olmb, oomm.on ahiner ,. 8.114 bluntnotct :minnow. It 1l'J'q be a.ss--4 

that in oM" otbtr apeoi••• the ~roller, whieh does not 

thow suoh • pronounced deerean in awra~ wight, the young 

..,.,.. not reoover•d in auttioiently large numbers to ake. 

•$tJ.mrltea t'eliabl•• The atoa.roll•r •• especially abundant 

in 'both seotiom at all •••one i!!Jaapled. Smi tb trh al. --
(1949) note4 that in aoutbeutera Kinne1ota trout streams, a 

great abun4enc• of atonerollwa intioattta that the atr_. 

ts too warm or too muddy to~ high produotion o£ trout. Ap. 

parently the . .._ eondition ie true of th& North Branch of 

tbe Sal:tae aver. lJl Seeition;e A and B, trcwb eena:tated. or 

only ,,.4 percea't and 12.-5 porcent, r-eapeetively• of the tcte.l 

av.rage weigh'\f of ~ pc.pulat1ona during th• period ot etw\Y • 

and over 95 percent of these fish came fr01ll plantings of the 

fhe total fish production. in both ee-ctione of the :Worth 

81-anoh ot ti. Seline Ri ve.r during the pe~iod of the study 

appear, to be oon.aitierably hight,l" than that in Paint cre.ic. 

tt'h• higher wan summer water temperatUNJ and smaller P'l'"l'• 

o•ntage of ln-protlue't1Vi'ty sand. bottom (Tab.le 12) in the 

l'ortb Branch doub'bl••• contl'ibutea at lea.at somwb.e.t to its 

greater prod:uetiou. 
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tt.BLE 21. SEASONAL VARIATION I! TRB O.AWtllATED SIZE OJ! TD rmn: POPULA!IOJI' II 
S'l()l)Y SECTION B ON tBE »cmm JmANOB OF Tm SALINE R Illm 

1 9 ·m~ 2 l i&:rh 0 
i;A:t il June·I; i2 15 

.. , 
Species August 

Lba.,· Ho. Lbs• lo• ll>•. Jio. tbs. Bo, Ula. Bo. 

BrOllffl. 
1t'W trout ,1.w... 1a.94 107 10.41 4, 22.14 62 32.13 13; 

Ba.inbqw w trout ltt64 16.05 1C11 4.·.63 25 1.77 11 9,,,77 85 
White 

•••r a,.,70 135 164.21 431 109.98 235 12;.12 ~ 148.58 ~ 
log ·--~ e.04 7 a.6o 100 2.10 7 1.69 7 ·1.14 4 
CN•k otmb 6.01 154 22.95 765 22.32 797 61.01 4698' 7.51 221 
a-

ahiJlei", 1.41 43 2.13· 11 2.99 ·299 o.;1 11 e.34 51 
lktJ:'nyhead. . 

chub 0.17 4 0.90 29 0.22 1 ••• • •• ••• • •• 
B1•omoa• 

dace 10.56 352 6.84 285 38.6, 
.. 

64:56 20.50 1708 14.90 573 
Jluntl'Mte• 

ldJu:l• 0.01 ~ o.14 14 ••• • ••• ••• • •• 0,07 11 
Stom..-oll•r15 .• 13 36.,76 1313 2.56 128 54.49 1679 10.46 317 
Gras• 

piotenl o.46 7 4.00 50 0.51 57 a.72 178 1.3a 14 
~ 0.22 28 0.23 57 o •. 4o 50 o.45 a. 0.01 4 
lainbc,.r 

dal"tff o.06 2e o.;s 189 0.11 57 0.50 249 o.04 21 .r--,, 
4al'ter o.rr 171 o.:;a ;84 1.25 1253 1.22 1217 0.03 2S 

w.-uth 
ble.clt 

••• ••• • •• o.o4 4 • •• • •• 0.,49 14 ••• • ••• 
Palrlpkia-

SMcl ••• • •• 0,22 1 0.35 1 o.;1 7 o.,s 11 
&o~ ••• 1.26 14 ••• .... ••• • •• ••• ••• • •• • •• Soulpla 16.65 1850 42.~ 1053 ,,.65 5609 39.a1 7961 19.,93 3690 

JOT.All 176.93 3;10 ;3e.09 10966 230.11 15012 ;36.59 16428 251.91 SLao 
·-·••-• ... ~ 

'iji11h stocked. ia prev:tou year•• 
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!he results ct the fish po~ation esfd.matea in the 

wuc:i.r Cr••k study section dt2r'ing 1949 ·and 1950 show it to be 

oompoaed ot 16 •P•~i•• (Ta'bl• 22). lb ia believed that ti. 

♦attmatee made on the laat three de.tea shown in the table are 

only · motiel"ately reliable because att.r tho middle of July• 

lSil.9; the stream as lafpii in an 41X'tremely ro:Uy oo.udition by 

dr•Aging operationa upetNflln (desorib-4 earlier) -wbioh made 

it clittieUlt 'to recoftJ:> ahocbd · tieh. 1n ta.et. the watd' •• 

ao turbid during the spring and eU!lmit9r ot 1950 that the 

altel"llating-OUl'Tent •hocar coUld not be usll'#cl. ati•faotorily. 

Even the direct-ourrent unit. employed on June, 12. resulted. 

in a low NJOQvery ra~ of -.rked tub pr&aent1 a• e1 ro,ault ti. 

estimates are not too reliable. Al•o beoause of the clNJdge.-

4i•loclp41 debrie 1n 'hhe •tes-• a blooldll.g •·•in& coul4 not be 

\tffd at the · ends or the aeotion to prevent fuh migation. 

lti appear• tm.t any speciee showd a decrce.ae in n~ 

'her• ahortly- after the ~dp\lg began in Wilder Creek. 

Whether thu deoNla.Se was nal or d:ue toe. shortcoming of 'hh.tt 

a&mpling ntiihod ii not definitely knGWl'l. The aYerage produc­

tion in pounda of tiab per aore II although based on only two 

ee.timatea• appears to be comtidera.bly lower tl'an tha-t in the 

stwi, al"Oie of the ior'tb Braneh of the Saline Rivsr am 

Paint Creek. In this strea., trout (.)01.1.priaed an awitage ot 

30•9 1"9rocmt of thct weight of 'the whole population during 

the period of •~• 

In both seot:t.ona ot Spnng Bl"-0oka a.~•latively t:trw apetn•• 

ot fish •r• note4 ('fable 2;). As in the othe-r streams 



iABLE 22. SEASONAL VARIA'UON IN THE (l.AI£ULATED SIZE OF '.f:IE Ii'rsn POPULATICU n. i'RE STUDY 
SECTION ow wr1~mm CREEK 

Value• are expre&aed as nwibera and pounda of tiab per acre 

·~· 

Ju1z. 201 1~2 August 17 i 1949 Juul 
Speoi•• Poau Naber Pound• JI11Rbttr Pound• limber Pollllcla 

Brook trout 9.,Z2 49 5 3 1.29 5 
Browm trout 18.09 117 88 107 12.08 89 
Rainbow trout 11.,1 lo4 53 21 2.76 35 
Whit• sucker ~.20 136 3'Z1 17!5 o.e1 4 
Creek cb.ub 5.05 101 3 131 0.07 1 
Conao.a ■h1ner 0.28 7 2h. ,1 ••• • ••• 
Blaoknoae ciao• 0.34 17 79 13 ••• • •• 
Black bullhead 0.02 3 ••• l . •·• ••• 
Gre.aa pickerel ••• ••• 4 93 0~'2 ' MudaiDnow 3.09 ,09 867 929 33.52 3356 
Johny darter 0.20 4o 8 12 ·••. • •• 
Blaokaid• darter 0 .• 03 5 ••• ; . ... • •• 
Green sunfish 0 •. 02 4 5 3 0.01 l 
Bluegill 0.02 2 3 l 0.01 4 
Pullpldaaeea ••• ••·• l ••• 0.01 l 
Soulpia 20.1', 2273 409fJ 76oo 40.ldt' 456~ 

TO'lAI.S 101.~9 3167 5566 9117 90.98 8076 

'%aae4 on -t~--.:~~ge wight of •oulpiu -•ur•d .-; 27, 1949. 
~• value ie the average of thr• earlier 11.-tima:tea and ia uaed sine.• no prnioualy 

marked ti.ah MN recaptured duriag the aeoond ahooJd.ng of the aeotion. 

!-
f\ 
0 



ftuetuat1cms in abundanoe flf thia ape oies more probably N• 

fleet• an inadequaey of the census method f(;fl!' suob small fiah 

at aeornive habit tmn a real oban.ge in the population size. 

For u.nknownreasons, the de.ta tail to shelll' the uaual cn.so•l 

<tbangee in. aven.ge weieht and numbers of white suckers in 

the ,ection. It appeal'& tlhat the rela1lively large aiae of 

-&he standing crop of e.11 species in po,mas of fish per acre 

ta dm nainly to the e,ige of the trout component (which aver. 

a~d 56.2 pffcent of the -tatal population} tor the period of 

study in this atream. 

!he seven species in the fish population or Section B, 

Spring ~ook, seem to be~ residents of this s.tretoh_ 

al'tibough the brook trout and gra:1ut pickerel are not comma 

{!able 24). the presenoe of th!i grass pic.\kere:l 1n the 

810'\feJ.-, downstream portions ie considcted by sportsmen of the 

:regi{)n to b9 a. aerioua taotor in trout s.urvival. \'he n'Ull\beN 

of thiJ p.rttdat.ory ••ooid. howvw • appear to have been reduoecl 

in recent ye.M's by natural means t0 a lewl which I do not 

eonaid•r serious. le~r,-.dtm.errt to the population by YQU!ll•Of• 

tbe-yeu- fish,. whioh can be l!Stime.ted by th• tneUS employed. 

g«tnel"ally appears in July. Ii<rmlVBr11 since the section •• 

nCJt cenaue4 in lat& sunnaer., the efff1u:rt.s of suob. recru.1:taent 

_., not showtl fully iii the data. 

Jhtt e.verage mtights 0£ the Spring 1'rook populations tor 

the pettiod of study a.i-o eaaentully the same 1:r, both study 

Nations. In Section B, trout compriaed 72.0 percent of the 

total population b:, 1iltttight., VJU"iationa in total weight of 



TABLE 23. SEASONAL VARIATION IN THE OALCWATED SIZE Of fflE FISlI PO..'OlJLA!IO?I IN STUDY SECTIO?J A ON 
SPRIIG BROOK 

Values .an •xpresaed a• numbers and pouada of fish per aon 

:'j_ ,.) 

Speoiea 
A ■funtt -2, ~1.~? 
--Powiu -·••liir Jus 29. ,r~ Pomwl• ifun 

!'i~b p . ~:l. 1a~t 1949 ." ~· ~ -- --~. JJunbe-r June 5. 1950 Juae _12«»!!f 
Pomadtl BURber Polllld.6 Mum 

Brook trout 
Brown t7out 
kbt'bow troutW 
Whiii6 ouoker 
Bla ck:ao• dace 
Sculpia 

TOTJ1IS 

30.46 168 
75.33 482 

1i3.0l 229 
. 0.96 72 
93.BSe" 123~ 

279.59 13553 

4~35 
88.41 

81.50 
••• 

16.54 

190.ao 

24 6.39 
566· 118.19 

10.6o 
434 55.16 
• •• 0.12 

2205 16.15 

3229 207.23 

%:ab:;-·;r-;ut firat. stooked in Sprbtg Brook December 13. 1949. 

6o 2.05 . 24 24 
878 97.95 856 135 
229 14.70 313 169 
145 ••• • •• z65 
24 ••• ••• 48 

2170 42.1w s534~ 5386 

35o6 156.88 672] 66,9 

~he•• apparently high f igurea arci the resul.t of reoovery of only one mar la/Id :fish. 'the estimate for 
this epeeie-a ie probably not too reliable. 

~oa-uu no ark.ea fiah were recowred in the aeoond •hooking of th@ population. tho valuoe for this 
e-atimato are the average of weight:• and n'IJlllber• of th• other eati:mt&.a ahOWB• 

.. 
'J 
C 
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11on ... tr9ut epeoie• between sectiotdl on comparable dates iii no 

do-q'bt ··'hhe- .-eattl t <,f 'both mi#&tion and ne.tural mortality, 

inoluding fishing. Similar wrutions .in the weight of ti. 

trout population will be• d.1$Q1lSsed in tbe following section. 

q!!!!!i•C!! 2.£ Standig Cr22• 2$. Fiahet 

1d.;f:h Jhoe• E!,. .. other P:9eo• 

The size of th6 standing Ot'l!>p of ;flsh, $1CpAssed as 11%1 

;a.:Vlltrnge foP the period of study., showa eo:nsider11ble 'Vlll"i$tion 

betm,n atr.ame. !fM!te values are, Paint Greek• 161.1 pounds 

per am-•; North Braneh of the Saline River_. Section A. ,00.7 · 

potmds pe.r a.en••, and Section 'B, 'c/:iJ,.7 pounds per a.ere; Wilder 

Ct'eek1 96.2 pounds per aQNl; Spring Brook, Seetion A, 208.6 

pouuds per aere. and Section&., 200.5 pounds per ao.ve. 

other in'Vt)stiga.tors) too, ha'" detftf'mimd the standing 

enp of' fish (in pounds pe,r «ere) in ti-Gut •-bers using the 

same c9llS'U$itlfS methoda I haw ~loyed and o'bht,r me'hhods nt)'t 

deaoribed heN• la New &mpehire. Hoover (1938} tc:nmd a range 

ate ~•7 to 158.4 pounds of tiffb in \Ulfitthecl pnmittve bf't>Olc 

trout meam•• and 1,3 -to ~.47 p<1unds 1n fished stN8.l'mt • 

Shetter and lattzu,d (l.939) •sthtat&d. 4.09 to rr, •95 p4Ul'lds in 

morthel'\11 Michigan. Smith•!!!.\• (1949) repOX"te4 118ighta ot 

91.10 polJnds to 547 .21 poUJ!lda ot fl.ah per ao:r• in lti.nnesota. 

Still others have reported rd.miler Pesul ts. Al though the 

e.isee of tm, 1tanding oropfJ deteX"mined in the present etud7 

are ailnilar te those cited. the condition-a under whioh these 

valu•• •r• obtained were net etr-iotly oomp!Ufable. lone of 

the .stnams invt,stigated, bt the wot"kel"s cited was stocked. 
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!ABLE 24. SEASO'tfAL VAltIAIIOlf m m CAtcrOLATED SIZE OF THE FISH POPULATION 
Di SffiY SlllOTIOli B ON S:PRl'.NG B:ROOIC 

B~ook trout 12.87 156 as 0.70 21 ••• • •• lrnawout. 47.o4 489 645 140.32 1,567 1$5.74 1.639 
!ainbaw tro~ ,90 45,.72 865 19.93 f:'tl4 
White euci.r 39.,6, 184 Je 30.71 150 41..at. 262 
Bla•tuon daoe 0 •. 36 la 21 1.os 11, 3.U? 340 
hff plolmrel. ••• • •• ••• 0.42 7 ••• • •• 
Soul.pin s.eo 1,000 816 s.,e 943 12.13 1.482 

!Of.A:£$ 100.10 1.a2:, 1.97a 230.46 3.672 262.76 4,oo6 

~~ ~;ld ;.;; fin-clipping difficult; ru1ults ars based on two shook• 
ing opwatiQn$ through tm1 gec.'tion in which all fi•h nre removed.. eounte.s_ 
and returne:4 to the aeotion at the •nd of the aeeond run. 

'$:Rainbow trout f:ir:rb stceked in Spring .Brook l1$eembttr 13-. 194-9• 
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during the season of the atudi•a prioi- to the time the pop11-

lationa were :mea.sureig whereas, in the present i.nveetigatio~, 

batohM'y trout wel"e planted at trequu.t intervals during ti. 

oourse of the work. Suob frequent plantings during the oensus 

period may well have :lnoreaaed the size of the standing ea-op 

con1id•rably owr the level it would maintain without such 

plantings. 

Xt n.a stated earlier that. ae far- as could. be determined 

from exiating information, some of the streams we:re oonaiured 

ueellent trout waters whereas ott.ra probably did not support 

siublEt populatione of naturally reproduced fish. The re.a.ul:ts 

pnaent8d here are in a greemmit. All the streams studie4 -..re 

stooad with legal ... si.&ed trout at approximately monthly m'"•r• 
ve.l• just !"reoedin.g and durizag the re~ar trout :tishiag 

seaaon. 1.n addition~ a large De-ceaber planting of sub.legal 

fingerling& was made in Spring Brook, in Wilder Creek.- anti 

in the North B:raneh of the Sali• Ri 'Vtlr. The trout were well 

aonttert'td to prnen:t unnatural concentrationa in8id• tmt 

aeetiona and to eliminate the possibility ot a'ttl'ao1iing 

fishermen in more the,n normal n~. the composition o'E 

the trout popul.&tiont in the various aeot1ons and the &Ul"Tiftl. 

l'"'8.t~s ot trout ot the s~veral planting$ were d~turmiud by 

per1odioa1 p~pulation estimates. 

~.tr~c~~~ !!! ~ ,!r?ut ,toJtulatio~.• All southern W.ohigan 

streams now having trout populations probably have them ae 

tl,e result of artificial plantings. past or currerrll. Sports ... 
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•n reported that Paint CNek oupporbed many large brook 

trout ;, to 50 years ago. 'lhia apeoies bas now been replaced. 

by 1'4"own trcnrt and rainbow trout. but the latter apparetly 

bave tailed. to beoOlle well established. No naturally repro­

duoed or w11crl' rainbon and relatiwly tn wild brew.a trout 

are recovered in the atudy aeot:l.on (Table 25). It il!I be­

lieved that these reaul ta u• "1'&1.id tor tbe stream a.a a whole 

•inc• 'the atudy area repI"eaen-ta a 181" g• proportion of the 

lluitable aum:mer trout •t•r in th• stnaa. 

annually with brown and intermittently 111 th rainbow trout 

ainoe 1$142. Apparently neither species bas becOM well eatab­

liahed. the trout populations eet111111\ted in th• two study 

eootion• (1'ablee 26 and f!/) oona1ri alaost en-ti.rely of •ur­

renbly etoolced. fish. The only ather trout obsel""f'8d nre a 

tn brown trout planted before 1949. Appa.r•ntly trout fiibing 

in the lorth BPanoh ii being maintained entirely by current 

plan-tings of le gal-sized fish. 

Wilder Creek bas been recei v.1.ng plantings of brown trout 

annually since 1933. Drook tl'"out have been stoeked. annually 

&fince that date with a tew exceptiou. whereas railibows were 

first plan'-4 1n 1948. Ot tlw three speoi••• only the brown 

trout SNma to have beoome eatabllahe4 in Wilder Creek. 

Nei tbff wild brook or raiabaw trout nor aurvi wr• of these 

speoiea tr• earlier plantings wn taken. in the atudy 

\ijhe term. "wild" retera to thfJ propr.q from eggs aotually 
laid in the stream by the parent f'ish regardless of parent .. 
fish origin. 
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TABLE 25. m COMPARATIVE SUKV'IVAL RAmJ OF IA!OBERY..itEARED nom nr 
PADl'l CRBIIC 

The d1atinguiah1ng t1n-elip• an ehom 

(Planting dates ahaa in panntbeaes) 

Spec1•• and -.rt lfUllher 
haber R!! aore (eat:bnatea2 . 

June 7. Auguat llay i2. Jun.e 21. July 10. 
planted 1949 19. 1949 19;0 1950 1950 

Bron tr~ 
~ at. ,-etoral ••• ••• • •• ••• ••• 

L. peat. (5-24-49) 100 134 0 0 0 0 
L, pelY, (~ 100 ••• 0 0 0 0 
Rt. pel'Y. (7 · · ) 100 ••• 76 6 6 6 
n. peet .... cl. 

(8-18-49) 100 ••• 177 6 6 13 
Anal (4-20-50) 100 ••• • •• 133 1:, 13 
Dor•l (5.17.50) 100 ••• • •• • •• J-t4 19 

. Rt, pel'v ... 4. 

. (6.27.50) 100 .. w 'iw •• • ••• ~ W114 ••• ••• 6 

Rainbow wout 
at, peo'b, (4-15-49) 200 101 0 0 0 () 
L. peot, (5-24-49) 100 95 0 0 0 0 
L. pelTe (6-28-49) 100 ••• 0 0 0 0 
Rt. pelT, (7-29J.i9) 100 ••• 6 6 0 0 
Rt. peet,-ad., 

(S-18-49) 100 ••• 38 0 0 0 
Anal (4-20-50) 100 ••• • •• 38 0 0 
Dorsal (5-17-50) 100 ••• ••• • •• 25 6 
Rt. pel v,-a4, 

(6..27 ... 50) 100 ••• • •• • •• • •• 140 

'1iepre•ents a Noovery ot one fish apparently planted by m1°ataa. 
•• 

"'laol'Wlea fiah etooked before 194,9. 
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TABLE 26. T.d.E SURVIVAL RATE OF HAf(nIERY•ruwwl UOft IN SEOfIO§ A OF TBB 
liOi.fH B!WIOll OF TD SALIHB RIVD 

The clinuguiahing t1n-o;i1pa are showa 

(Plan.ting dates ahmm ta pu-entheaea) 

I\Dber per acr• (eat:tated) 
8peoiea ant\ mark lflallber April 5, la7 6. January lpril 14. li7 25, 

planted 1~9 1949 20. 1950 1950 1950 

Brcnm. trout 
L. peet., (,-..24-49) 100 ••• • •• 22 3 s 
L. pelTe i6.28-49) 100 ••• ••• 8 0 8 
:a. pelT. 7-29-49) 100 - ••• • ••• 52 3 ' a. pect.-ad. 

( a...18-49) 100 ••• ••• 14 0 5 
Adipo~(l2•J.4-49) 2,0 ••• ••• 76 0 19 
Anal (4•20-50) 100 ., ... • •• •• • • •• 6:5 
Dorsal (5.17.50) 100 ··~ .. w ••• ••• 71 
Wild ••• ••• • •• • •• 

Iiahlbow trout 
R.t. peot. {4-15-49) 400 ••• 0 0 0 0 
.L. p•ct. (5-24-.49) 100 ••• .. ... 0 0 0 
L. pel•• (6-28-49) 100 ••• ••·• 0 0 0 
a. pel•• (7-29-49) 100 •••• • •• 0 0 0 
ll. peot.-ad. 

<a;~~) 100 ••• .. .. 35 0 0 
AdipoM 12-14--49) 256 ••• • •• 0 3 43 
.Anal (4-20.50) 100 ••• ••• • •• • •• 30 
Dorsal (5-17.50) 100 ••• • •• ••• • •• 6o 

\$1ngerlinge. -
~tocked before 1949. 
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WLE 'Z'f • TD SURVIVAL RATE OF HATCHERY-REARED TROUT IN SEC!t'I<Jl B OF fHE 
JJOiTll BltUOll OF TS SALIB RlVER 

file tiatingw.1b1tlg tin-c1lipa are shown 
. ' . ' 

Speoies and IIIU'k 

BrOWD. tr-ou.11 
L. peet. c,-24-49> 100 103 7 4 l4 0 
L. pelT. (6..Sa...49) 100 ••• 32 21 7 0 
'Rt. polv. (7-29-49) 100 ••• ••• 57 50 7 
Rt. peot.◄d. 

4 . (8 .... 16-49) 100 ••• ••• ••• 11 
Ad.1posf)f(12.;.U,...49) 250 ••• ••• • •• 4; 14 
Anal (4-20-50) 100 ••• ••• ••• 384 28 
DorGtJ. (;.17 ... 50) 100 ••• ••• ••• • •• 25 
Rt. ,-1 ........ a. •. 

(6.27.50) 100 ··iw ··~ ••• ··~ 64 
W!.14 ••• ••• ij • •• 

Rainbow t-rou't 
at. peot. (4 .. 15-1+9) 400 46 7 0 0 0 
L. peet.. (5-24-49) 100 60 14 4 0 0 
L. pelv. (6.-28.49) 100 ••• 4 0 0 0 
at. polv. (7.29-49) 100 ••• • •• 7 4 0 
Rt. poot.,-a.d. 

(~8-49) 100 ••• ••• • •• 28 4 
AdipoM (12•14-49} 2is6 ••• • •• • •• 64 11 .. 
.An1ll (Wo-50) 100 ••• •••• • •• 320 0 
Dorsal (5 ... 17.50) 100 ••• ••• • •• • •• 21 
Rt. pelv • ..ad.. 

(6.27.50) 100 ••• • •• ••• • •• Ui6 

'%1.nprlingl • 
.. 

~tooke4 before 1949. 
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aeotion, On the othor hand, Qf the total br'o,m trout esti­

mated to be present (Tabl• a3). an airerag(t ot 40.25 percen-t­

were -,ild fish• !be retuz-n ot wild .tish to the tiehemen will 

be diaouaaed in a. tollow:ingaeotitm. 

, Brook trout and bi-own· trout have 't>t,en stocked annually 

in Spring Brook since 19P3• Prior to th.ta date• the fOl"Mr 

1peceie1 seems to have been the dominant trout e.ocording to 

neords in the tiles ot tbMt 1.nstitute for Fisbertea Rea•rch. 

The first reoent stocldng of rainbmr trout oecurrea in 1949. 

yet catch records of 1928 show the pr~senee of this epeoiea 

in the attrea.m. At th-e time of the prtt$lent s'budy • both the 

brook trout and brown trout appes.red to be firmly established 

ill. Spring Brook (!ables 29 and 30}. ffowe'Vfl', the relatiwl7 

bigh peroen•ge of wild fish in tbs brook trout populat1o•• 

. is due not so mueh to large n~a of Wild troub as to the 

low auni:val rate of planted fish of this speoies. ·n. ap. 

par<tntly lower percentage 0£ wild brown trout in Seetion B 11 

••ggerated by the l.1%1.'.Mtlia'bl:, high estim.a~es of the finger ... 

ling• plan'te4 in December• 1949. Omit-ting these 'Ullffliably 

high esilimatoe, wild brO!lffl trout o®t,pr:1-. an average for the 

period ot study or 72.1 percent ot all b.-own. trout present in 

Seoti•n A and 35.9 percent in Seotioll B. 

It appears from the estimates of the trout popula tiona 

that the rainbow has failed to beeo• esta'blia h&d in any o.t 

th$ streama under inwstigation. tbs i'a.ot that the rainbow 

•• not observed spawning in arr.;- of the.ts• streams lend.a 

further &vid.enoe of its failure to maintain itaelt. The 
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If.ABLE 26. tB SURVIVAL RATE OF B'ATCmmY.-REAifflD 'l'R.OU'l l.N \VIJ"DER onEEX 

ft. diatinguiehing tiD-oli~ are •b.olm 

(Planting datea ahoa in parentlbe•••) 

Brook trout 
l'b. p\!lct. (4-15-49) 350 11 0 0 0 
t.. peot. (5-~) ,oo 38 5 2 0 
Mipos~(l2-l4-49) 700 ••• ••• • •• 3 
Anal (4-2'7-50) 300 ••• ••• • •• l 
Dor1al (5-16-50) ;oo ••• •••• • •• 1 

Brown trout 
Rt. pect. (4-15-49) 200 ., 4 ef¢/ 0 
L. peet. (!5-24..;.49) 200 41 13 19 0 
Rt. pt')Wc (6.-17-'49) 700 ••• 4~ 35 J Adipose ( 12-lti..J..9) 700 ••• ~ 
Anal (4-27 •50) - 300 . ,. . . ••· ••• ll 
UorRl {5.16.50) 300 ••• • •• • •• 19 
Wild ••• 4$ 20 lio 21 

Bainbmr 'trout 
at. peot. (4-15-49) 400 'Z'I 0 0 0 
L. peet. (5 .. ~49) 400 77 8 l 0 
Rt. pelv. (6-17-49) 900 •••• 45 20 0 
A4ipos~l2-l4-49) 700 ••• • •• • •• 33 
Anal (4,-2'/ •50) ;oo ••• ••• • •• 0 

. DO?"sal (5 ... 16-50) 300 ••• • •• • •• l 

~;rlinga. 
~oludea specimen:, of the se.me plant :marked by removal of right pectoral 

and adipoH tine,. 
~iab s·t;oomd betor• 194,9 bu.t m.arkld by t'fl1.o"Val of the a.dipoae fin. 
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brown trout ,eema to 1-ve beoOM a permanent resident in 

Spring Brook and Wilder Creek. Ite permanence ill Paint Creek 

is queationable tor reucma to be preautnted later. Even 

though oomparatiwly -.11 n\111bers ot brook trout were t'oum\ 

in the atuq notion.a of Spring Brook• the &peeiea is wll 

establiehed in other parts ot the . stream. A few small 

epring-te4 tri.butariea aN well populated with try and fin­

gerling& and will no doubt couinue to supply the main 

atrealll with a moderate number of eatehable fish. 

S'8'Viwl ,2! Bat~h•rz-.!_ttarf!~ Trout. '?he apparent aur. 

vifl.l rate of batchery-r-~d trout shond considerable 

w.r-iaticm between apsoiee and streams. but was generally quite 

low. The numbers of fish planted and the numbers estimated 

in the aeotion1 at later dates giw an indication of surv1w.l 

rate• (21\bl•• 25 to ;o) • .Le.QL1-•1••d n.inbow trout in all 

atream.e uaually ad 4inppeared entirely in three or four 

months and oJlly an estimated. 38 per aore peraiatecl over winter. 

Six of 'bheae •r• in Pain't Creek and. th$ remaining ;2 were 

in Section B ot the Worth Branch of the Saline Ri wr. By 

July• only 4 tiah per a.ore remine4. 

Plantings of 16 gal-ai1ed brook trout showed an even 

10:l'Mr n.te of IUl""fival. Few planted fish remailled m<U"e 'bl.an 

a 2a0nth atter planting and no brook trout a to-eked in the 

strea.ma <luring 1949 were X-fu,overed in 1950. Oompuatiwly 

large ntabere of bl"own trout surrlwd the season of planting 

and~ ot these persisted through the winter in all 

1treame except; Wilder Creek. The conditions in Wilder Creek 
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TABLB 29. ~EB SURVIVAL f\Al'R OF llATCiiERY-.REAUBD TROUT :m SECTION A OF SPR.IliO 
.BROOK 

The diatinguiJbing fin-clips are ahOWA 

(Planting de.tea shoa in p&rentb.esee) 

8pec1ea t.\n4 ml"k .Number 
, • . . _ Uu:nbtll" Iler e.or~ £:e~st~tedl_ ... 
June ~. Jme 29. April l , Jlm.t! 5. July I~. 

planted 1949 1949 

)rook t.rol.2t 
Jtt. peet. {4-15-49) 1.000 24 0 
L. poet. (5-l&-49) 1 .. 000 $6 0 
Adipos,~12.1;-L.9) 1,200 ••• • •• 
Anal (4-,19 .. 50) 700 •••• ••• 
l>Ol'nl (5 .. 16-50) 700 ••• • •• 
llii. peet •• ad. lic:me ••• • •• 
Wilcl •••• 48 24 

Bro,ina trout 
at. peot. (4-15.J.e) 700 72 132 
L. pe et. (5-16..49) 500 255 0 
Rt. pel•• (6-Z?-49) 500 ••• 205 
L. pell'• (7-26-49) 500 ••• • •• 
Ri.. peot •• ad. 

(8•18-49) 500 ••• ••• 
. ltipos~{l8--13'"'49) 1.200 '•·· ••• Anal (4.19.50) 700 ••• ••• Dorsal (5.16.50) 700 •••• • •• 
Wild ••• 157 229 

.Rainbow tro-ut 
AdipoM\11'(12•13-49) 1,200 ••• • •• 

~get-lings. 
~one planted. 4ooordil'lg to available records. 
\J'Inollldes au astimai.ed 434 :aati ve fing•rlings. 

1950 1950 1950 

0 0 0 
0 0 0 

l2 0 0 

• •• 0 0 
• •• 0 ~ ••• • •• 48 24 0 

l2 0 0 
0 0 0 

60 0 0 
~ 0 0 

120 0 0 ,1, 229 96 
• •• 48 24 
• •• 133 3l?. 
217 446 578}' 

229 313 169 
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Wta 30.. TS SUIDTIV'AL RA.TE OF HA'?Cm:RY....u.All® ntoe! II $1SGTION B OF 
IPRIIG DROOi 

Tlw diatugutah111g fla-olipa are abowr.l 
' . . . ' 

(Planting de.tea ehown ill parenthe•••) 

Speoies and ark 

Brook trou't 
at. peot. (4-15-49) 
L. ,-ot. (5.16-49) 
Ati.poi~l2~13-49) 
.Anal {h-19.50) 
Dornl . (,-16-50) 
Wild. 

IirOIQl wow 
:tt-t. peot. (4-15-49) 
t.· peot. (5 .. 16.49) 
ll't. ~lir. (6-22-49) 
Ii.. pelT. (7~~9) 
Rt. peot.-ad.. 
. (S-18-J.e) 
Adipo••~la.J.J-49) 
Anal {4•1~50) »•••l (5.16-50) 
Wild 

Ratnb• ~ut 
Adtpo _·__ _ l!•lJ-49) 
hrSA.l 
:at. peot.--ad. 

l\11Jber 
plante4 

1,,000 
1,,000 
1,,.200 

700 
700 
• •• 

700 
500 
500 
500 

soo 
1,,200 

700 
100 
••• 

1,,200 
Bon• 

57 0 0 
85 0 0 

••• 14. 7 
••• • •• ·••· 
••• •·•. • •• 
14 l4 14 

lo6 0 7 
227 0 0 
••• 0 26 
••·• 21 11 

••• 78 177 
••• 461 574 
••• .... • •• 
••• ••• • •• 
1,6 85 ,19 

••• 383 865 
••• •·•• • •• 
••• ~ Q 

'-U1ngorlinp.· _·' 

"'be. o• :marked f'ish r~~,rer-ed causes thia ffilue to be high. 
~one plu.tttd aooordiag to aw.ilabl• reoord•• 

0 
0 
0 
0 
0 
0 

0 
0 
7 
0 

14 
1.~ 

7 
191 
213 

22!1 
5~ 

0 

~he OM rambow trout reoowred appaJ;"ently was planted. by- m.atake 
with brown trout. ha"fing the same fiJl...aark. 

.... , 



at tbat time have already been desoribeci. Such muddy wat.r 

made the reliability' ot eensuc data questionable and •7 

actually have GOntribut$d to the appai•en'tly l<m aurviw.l. 

Theae carry-over fish weN nUlllld)roua in Spring Brook in April, 

1950. but by Juno their nua'bere llacil been r£;~d to 21 fish 

per a.ere in Sttotion :a and they were absent entirely in Seo­

tion A (Tablea 29.a.nd 30). 

Although the sUM'iw.l w.l-..a juat deacribed: appear to be 

low, they ax"tl probably not greatly different .f'rOill those in 

other trout •ten. lnveetiga.tors who ha:ve meesured relative 

l.llurv:ival rattta in terms of tho cateh. of Dlrked hatchero-y fish 

by tis'.mrmert (Geo, 1942; liHzard and Shetwr • l939J nng. 

l~)- reporwd similarly low survival rat••• It ns the 

gene:ral finding that the majority of ha'tohery fish recovered 

a..-e taken in the first month to ah: lAHka following planting. 

although brown trout &r$ not Nmo.ved quite so quiokly as are 

brook: ond rainbow trou',. The oa.teh of he:bch•ry trout in 

Miohiga.n atreama 1n th& aeoond seaaon following planting bas 

been reported by Shetter (1947b) as genere.lly lesa than 2 pel"• 

cent. althou~ season-to-,..Na..&on survival 1:1.ppff.rs to be best 

8l!:t0Jlg br~ trout. 

Tll.8 sub-legal fiXif,flrlings ot t.lie three trout apeoiea 

planted :ln December, 19,+9. shOWGfi. a muob better over-winter 

a'Ut'Vi'fa.1 -tr.an did the lega.l-aize4 individual.a of the aame 

speeio•• if meaa'l:J.red by the nan.re estimated in the study 

GBCtions. :IimJenr • it should be noted that the tingerlixig1 

. wez•e planted in Deoem.ber and in large nU1rtbe.t .. •• while the 



larger 1'11b •re stocb<l during ti. prntous spring and a,._ 

mer through August. Bad they beea planted on tbt •aae date 

and 1n ooapan.ble number■ , aurTi:wa.1 would have been ooneider­

ably different. 

The brook: trout .fing•rlinga. like the legal-sized 

ind1 v14uals ot this apeoies • suffered tl:e higheat over-winter 

mortalit7 rate. However, the erlremely small sm-Ti:val of 

th••• fiqerlings to the le.st «>enaus in 195o_may be partia.lly 

Uplaiud by the tact thlt these fish averaged 6.5 inohes 

('total length) TJhell planted a• oomper•d to 5•1 inchea and 4.7 

inehes for 'thtt brown trout and rainbow tl-out, respeotively. 

A high percentag-e of those brook ti-out remaining in the atream 

on tbe opening day ot trout aeuon (April 29. 1950) we.re of 

lep.l-aize. whereas, it i• doubtful it many individuale of the 

other twe apeoiea were large enough. to enter the t'iaherm.en•• 

oatob. at that timtl. Survi"Val ot the brown trout fiDg•rlings 

•• not notioea.bly better than that Qf the rainbows. T1-ee 

:r~aulte are not in agreement with tboae of many workers who 

have compared s·un1:ftl ra~a of the two species P...!ld hive noted 

a much higher over-winter surTi-val of brown trout. 

W.§!!ti~• Although it ia certain t bat sizable num.bere 

of fish l•:Ct the study areas. the extent to wbiah migration 

ini'lueaoed the appar•nt survival oft be planted trout is not 

blomh Beth wild and. batoheq-r-•arri. trout. markiad within the 

aeotioa bmm.dariea • were later recovered abort distances 

upatnq . end downstr•• f':rom the points where the t11h wr. 
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releaeed.. Sblilarly. :f'iah marked above and below tha section 

boundaries were later found inside the atudy a.Na-a. 

Of the }0 brovm trout mrked August 19, 1949, 1n the 

study area in Paint Creek, only one (3. 3 percent) was taba 

in the stream below on August 22. However• 6 (40. 0 pe:rcent) 

of the 15 auekff• marked at the same t 1me wr• taken below 

the Notion boundary,:; day• after marking. Only 2 white 

auclmra, oi- ~.l percent of th• 64 that were marked below Seo. 

ti.on B in the Horth Braneh o:n August 10, 1~9. ha4 tnigrated 

upstreaa into the section 5 days lat•r• ot the 33 fish 

marked above the area. 3 suokera (17. 7 !)4'roent of tb.oae 

urke4) had migrated into tbe section in 5 <la.ya. 

Of the 479 .tiah marked on April 18, 1950, in a 300-,ard 

stretch ot Spring Brook immediately below Section B, 19 

brown trout {10.2 percent o:f the 185 marbd), 5 ra.inbowe 

(12.2 peroent of the 41)., and 2 white sueara {2.1 percent 

of 95) were ri,aowred in&ide the area the following day. The 

123 i'ish n.rbd abon the seotion on April 18, 1950, yielded. 

only 4 browa trout (2.5 pttreent) and 6 white auokffa (33.3 

percent) iuide the section the following day. Although 

Ricker• llo1baugh, and Lung (1949) reported. that in Indiana 

atre&llll• wandering by trout represent• exceptional ra:t~r 

than typical beM'lior. Shetter al'1d. :Ha.a&ard. (1941) noted. con• 

aiderable migration in .lliohige.n streams. partieularly uong 

brook and rainbow trout. 

These data. although nry limited• do indicate that m.­

gration ia ot oouiderable magnitude ewn over short period.a 

of tilte. The cause of the ooaparatiffly great upstream 



Jld.grati-on ot brown trout in Spring Brook in August, 1949, i• 

unknown. The noticeably greater downetrea 1110.,,...nt of 

auokera ia a result ot tlMtir apparently greater 8U8Ceptib1lity 

to the ,hooker. Large apoeimena are frequently shocked 

severely with only average expo•--• to eleotrioal ounente. 

They reain uacomoioua tor long periods and when the:, do 

rep.in thflil' nonnal aw:t:tnldng position, they appear to be oar­

ried helplessly by the CUl"l"ent tor a variable p«triod of t1m.e. 

When they r•a,ae normal e.cti'ri.ty, any have otten been 

oarried long diartanoea d.mmatreaa. 

Bad 1t been praotical to con.duct a census over greater 

diatanoea troa the aeotiona and at more frequent intervals, 

the extent of trout migration from the sections might haft 

been more accurately measured and presumably would haw been 

greater than tbat indicated by the fiJ'ft exam-plea abow. 

Although an intenaiw oreel census•• considered. bt.­

praotioal, a• stated earlier, it was felt that an oooasional 

oheok of the fiahenael\ 1& ca'\ich might pro"t"ide intoraation 

tha:t would be helpful in olassii'ying the streams on the basil 

ot trout produo-tioa.. It•• hoped that tbi9eo spot oheoka 

might a.lao acld to the informa.'blon on hatchery-trout aurvi•l• 

Suoh checks were a.de during the opening day of th& 1~9 

trout aeason (April 30) on the lforth Branch of the Saline 

River and on Paint Creek. and during the first two days of 

the 1950 season (April 29 and ~O) on Wilder Creek. Fi1Mnnen 
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on Spring Brook were eontaote4 June 2 and 29. 19+9. and June 

6 a.ad 7, 1950. A few &ddi tional repOJ"t• were reoei nd. through 

the loaal oonaerYAtion otf'ioera • Very few fiehenaen were 

encountered cm Paint Cre•k and tbe Barth Branch after the fir•t 

two weelca ot the season. '.fhtt fishing preaela"e on Spring Brook 

oontinued to be hea:vy into August in 1949, an.cl 8 clishel"Jlten wr• 

seen June 6 and 7. 1950, in the 'ri.oinity ot the study seotiou 

alone. It was r•ported. by local spor1isaen that Wild.er Creek ie 

usually inte:neively fished tram opening day (as e'ridenced by 

Figure 15) throughout the aum:mer., but tba.t the number of fisher. 

men using the stream decreased sharply in July in 1949, preawu.bly 

'became of the muddy water tr• tbe dredging operations upetreaa. 

An analyli■ of the creel data (table 31} indicates that 

the catch in all etNama •• quite low. Fishermen on the 

North Braneh of the Saline River appeared to be lu.st auo•••­

M, and those on Pailtt Creek moat euoceasful, 1n tenne ot 

total trout caught per hour ot fishing. Altho~h Shetter am 

la.s&ard (1941) noted that 1n foUl" northern V:iohigan streams 

the inct-ee.ee in oatch per h-o\11" and the total nmber of 

hatehery t11h oaught are 1n•rsely p,.opor'bional to the density 

ot the nat:he fiah of the apeoiea stocked.• it ii 'beliewd 

that the higher value• repQl"'ted trGR Pe.int Creek are due more 

to the failure of unsuooesstul tiahermen to admit the nwnber 

ot hours .t'iahed than to a high aucoeas rate. It "Waa noticed 

that they were reluctant to report reaulte, whereas •ix 

•ucceasM .f iahermen reported by telephone the following day. 
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!ba oatoh on w11ar Cr•k ,.._ct pe.rtioularly low iB 

'fin of the faot that ,SO bl-oolt trout. 200 brown trout, and 

4oo rainbow trout were stocked in the stre111 only two daya 

betor, the opening ot the •aaon. Yet in two daya ot tiah­

ing, 125 tiaheme:n. rn.oved. 26.o ,eroent of the bl"ook trout, 

23.,5 percent ot ti. brawn trout, and 8.7 percent of the 

rainbowe, or an aftre.ge ot 18.2 percent of all t:rou.t stocked. 

llinrieea t1■herni.n remned 20.5 percent of the 200 rainbon 

atoobcl in Paint Creek,, whena• 15 tialwrmen on the !forth 

Bruch removed only 1.5 peNen'b of the 400 rainbon atookecl 

two Wffb earlier. 

Fra the results of Dll"klng exporimeuta and creel cea­

aWtea in aewra.l :northern Jiichigan atnrme (S better and 

Ba.zaard, 1939, 19411 Shevter. l947b),. it appear• that hatoheq 

trout eo:n.tribll'b• relatiwly little to the total ea.toh in the 

•jori.ty of stream.11 etudied. However, :1n more ffoent studiea 

(1949•1951} E. L. Cooper {KS) reported that hatchery trout 

made up about 70 percent of tlw total catch in tb9 experiirlen­

tal areaa ot the Pigeon R1 wr in northern tiehige.n. In the 

preaen-t tnveatigation. the prop01"-bion ot hatoher7 fieh in the 

total catch reported ranged trcrn 83.8 pereent in Wilder 

creek to 100.0 percent in bo'th the Borth Branch and Paint 

Creek,. with a four-stream avera~ ot 90.4 percent. fhese 

high figures probably ~di.cat• a. general soe.roity of m.tive 

trout in th• atreUl8 as wll e,a & sueceastul planting pro ... 

gram.. 



TABLE ,31. NUMBER OF ~ROUT OAUGm' AND Tim CATCH PER HOUR BY SPECDB REPORTED BY 176 FISJ.mRBB DJ FOOR 
SOUTlTuD MIC.HI GAR S1'IDWiS 

Str&ul 

Pa~ C1'8ek 
Humber caught 
Catch per hoUI" 

Borth Branch. 
Salim River 

Baber caught 
Catch per hour 

Wilder Crs~k 
lilaber caught 
Catob per hour 

Spring Brook 
Number oa.ught 
Ca:tcb per hom" 

'%tocked before 1949~ 

·---------------------------------------------------------·-
Trout 

ii-ook 
Planted Wild 

•·•·• •·•• 
••• 

••• ••• 
••• ••• 

91 6 
0.15 0.01 

lli l 
0.17 0.01 

epee~~~ 
Brown ' · " ' · • Rilib8W 

Planted Wild Planwd Wilct 

2l-' •·•• 1tJ. .... 
0.03 • •• 0.51 • •• 

1W • •• 6 • •• 
0.02 . •· . 0.09 • •• 

47 15 35 ••• 
0.08 0.02 o.o6 ••• 

17 5 ••• . .... 
0.20 o.o6 ••• • •• 

Total trout 
Plemt.d Wilcl 

43 
o.54 

7 
0.11 

173 
o.28 

31 
0.37 

••• 
••• 

.. ... 
• •• 

21 
0.03 

6 
0.07 

Number ot 
tislttll"l!l\ell 

houra 

80 

66 

619 

a, 

.... 
\J'i .... 
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.U'bbough the oatoh-per .. hour valuea appear low (Table 

31) • tbe:y •PProximate tigurea reported by other• for simlar 

atr•••• Sbettser (1950) :aoted. oatobea Gt brook trout in 

l!at Creek during the 1~7 aeasoa o£ 0.20 and 0.26 fish p_. 

b.our.,md in Gamble Creek the aua.e year eat~be• of brown 

· trout ot o.06 and o.:,o trout per hour. Shetter and lfazsar4 

(1941) reported Naffllal ia't'erage values ranging from 0.37 

to o. 77 ti.eh per hour tor all 'three species of trout in ti w 

northern Miohigan etre_.,. Co0pe,:c> (MS ) repOl'ted mean e.nnual 

oatohe• in the Pig6@ llive:r ranging i"PO!ll o.244, to 0.501 

hatcbe~y•r~al"ed trou.t .per hour and ttca 0.101 to 0.180 wild 

fish per hour. Smi:th and SJaitb (19-f.5) determined total 

trout oatohea in. DuaohM Cr••k• Mimi.eaota., of 1.49 fish per 

hour in 1942 and 1.55 Pf)!" hOU1" in 1~3. but Si.a.tad that 

••t of the fishing load •• born. by »a1.'tff'al repreduotiou,. 

Altb.o~gh ti~. pressure ~n&J"ally deoliJJ.es s~t 

'With the progrt,aa of the open •ea.eon. there ia re,a.son to 'be• 

li.&w -that tbe gn.clual recluctioJl in n\llllber■ of hc:toheey .. 

reared trout i• gnatly- in£lu.ac•d by angling. The Horth 

l3re.noh of the Saline River ia a probable exception. because 

of the low reporbed Nmo•l of trout on opening day and. the 

faot that very tew tithermen .-r• beli•'ffd to h-$.W used the 

at;ream e..tter the firs'b two ween ot -th• BH.so:n. 

!Jl!. Eaosition ud Grolfbh. !!!!, 2! Wild T~out 

ln order -to compare the growth rate ot fish in the tour 

streams, all wild trout encountered wre measU1'ed and weighed 
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u4 ••le ft11lplel wre remow4. Only 'Wild brown trout ill 

Spring Br-oolic and Wilder Oreek WN takG :1l1 s \U'fieient number• 

to•• au.on a oaapariaoa reliable. Although .ti. grea:t 

-.jori ty of tbs•• apeeildl.ul NM tra within the atuq seo­

ticms. a fw ind.irlduale ..-. oolleotea.. in adja.eent a.res. 

Total lengti. wn taktm. to -tbt9 ~a't tonth-lneh-, night• 

to the nearest gram. The ltmflll•r fiah ftN weighed. on a 

.Qhatillou platform balance of ,OO.gi-aiu capacity. ?be night• 

o.£ :f'iah toQ large for thi• baluc. wve obt&il'le4 with a Bra.a 

fJ.4t .... baok spring baleo• and stoop (30.-po-4 capacity with 

i.A,-z;,oun4 divi•ions ). 

A group of 5 or 6 sea l•s •• l"fllOWd ft-a the s:lde above 

·the lateral liri." and oppoeite the anMrior base of the dorsal 

fin~ Theee data and scales we:re taken fr• 81 tr-euii in Spring 

. Brook and f1-mn 33 trout in Wildor (;reek., Lfmpha were 'back­

ca.lotu.ated asslldng a at-raigb:t-lin& l>ody-soal• relationahip. 

It apper,.red ~ractic.e.l to attempt the de~tion ot the 

t.rutt b-oq-aoal• rela:tionsbip wii.h ao tw ti.ah, particularly 

1tt the older age groups. · For the ea• rftaon. detenntnation 

of the ocntU. tion factor wa.e not attempted. 

The distr,. bution of ages amcmg wild b~ trout u Spl1ltag 

lb:•ook• e:lthQ~ baaed on reh.ti'ffly th fiab.., i• normal for 

lfflitT.ily f"ished st.reams (Figure 16). The ~omparatiwly amall 

n•'b$r. of :i.ndi Ti duals ( 8) in age.group o may be dtW to the 

ta.et th.at very sme.11 trQut are not so readily 't.:akJ,n by the 

ehoobr ae are le.r ger £!en. 

'?he e.ge distribution of brown tro\rh i.J1 Wilder Or&ek 
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(Ji&UN 17) 1• similar to that in the Spring Brook population. 

although tlw diaappe~ ot ~• of &(91•gl"oup• IX and III 

le aU.gW1 JAOl"e abrupt. Qruy S tisb 1n age.group O weN re-. 

ihe 'brow.a trout 1n Wilder Cr••k apparently ,:,ow much 

fae'Qr than. those in Sprillg Brook. Empirical lengths at th• 

title of capture and oaloulated l•ngtha at annulua toru.tioa 

tor tpae two groupa a.re aholm in 'fablN ,e and;;. !hD 

majority of the tieh fl'• Spt"blg BroQk were ~n in April 

and•,- a.t the 't1Jne of amNlua formation. whil• moat of tbo•• 

ia Wilder Creek WN taken in July an4 Auguetj benoe the 

~tn upinoal lengtha of fiah of tho aame age group traa 

the latter stream. That the tuh a4'buall.7 are larger in 

Wil4e.- Creek oan be prowd b)T a compariaon of the length• 

oaleul.ate4 at th• date of &mnll.U8 f"emation which ia ass•e:4 

!ABIB 32• DPntICAt AWD CAWUL..\TED TOT.At !IDlarBS OF 81 WILD 
BRORN fROU'r FRCll SPltllfG DROOi 

· Total ·1eiigtii. 
be•. C 

3.s 
I tt 

5.7 7.5 

-Alj Group 
:zt ff 117 , •... 
9.2 11.1 17.2 20.1 

Wi;«oat.• that fish taken after Janual"7 l ar~ plaoe1d.intM• 
age group al though the last annulus bu not yet been fonriea. 
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The ."ftlll;lt!.'S of the om,pir10a.l lfllgth& preeientfJd a.hove 

oanpare favorably with tho•• r•~•d b7 othen~ ~hette-x­

a.nd lfaz~ard (1939) reported. tota.l lon~hflt of bratm trout in 

th& Uttle llttuii~ a1,v«r in .J'IU'ltt $$ follows t O age group., 

2.a inches; l age group~ 6.7 ~nss, Il a.g~ gi"OUt•, 7 .a 

lengi.11$ of Mizmesotai, won ti-ou'b r0porwd by Eddy and ear­

lander (1939) oempar".•qually wall. 

7:ABLTil 33 ~ E?.!PIR le.AL AJ1} !fALClJLATED TOb.L LEN G!BS OF 33 R<Jfli 
!ROUT ncm wrn CR!!.t'U 

!otal l•ncth• Ai! ar-o~ , I 

inches d % !f ! if v 
lmpiriul h..h 6.e 10.1 15.7 ••• 18.:9 

CalO"ulated. ••• 4.1 
••• 4,.6 a.1 
••• 4.3 9.7 13.5 
••• 3~5 6.5 10.2 14.3 11.0 

Avera.ge· oalou.. 
late4 total ••• 4.1 s.1 u.9 ll+.3 17.0 
length. tnohe• 

Sewn.ta. Sueoes• 
~ .... , . -----

reported ee.rly ... a"8.son eatoh and in the p;t.tiodiaal populatia 

The ecaroity of ~ll fingtt:rlings in Faiub Creek and their 

a.pparent abs•nn ill th! lorth Branon o£ tbs S.•11.ne River 

population• with tbs $lectr1eal sho,,a.r just ;pr'eoeding the 

lpaaing ••aecm ahowe.d that a.xually ature trout •r• 



F••nn>.t. if not nuarous. 01'$ePfttioPJI were a.de d:uring the 

trout epa'llllif&g season on seffral streau with th.9 twofold 

purpose ot measuring -the a.t~mt @.»4 auco••·• ot spawaing ae-

. ti.Vity in tl1fl tour stl"eams under s1iudy and of determining 

tbe si1iit eha.raeter1sti cs whare n,,at-butlding was actuall:, 

t&ltil::lg plaoe. These observation• 0-oaeisted of looat:ing• 

JllfU"kin,g., imd recording tbt location of all new neats. liest 

,it•• wtro mrbd by d:'1Vi:ng e. atab iniffl the atnam bQtta 

J'l.flarby.,. Thtt peysioal features o~ tbs $'tream. suoh a.s depth, 

width. eurnnt velooity. CO"Nr,, :IJnd bottom type near a fff 

:aent sttea WO?'$ :mttaa,rcul mid reQorded.. Egg Stl"!lpl♦• ~• 

taken at intervals from several nest, to :miH1.sur-e egg mor­

t9.l1ty. 1'he apparent failUN of rainbow trout to span. tn 

uy of the streams studied ia no doubt ch.m to the apparent 

absenoe of uxua.lly matwe :tlah during the spring spawniJl! 

Maa:o.n or this apeeies. ':fm:re 'fts no eT.l.dence of mature 

rainbow trout in the, very --.11 nua\'Mtr or legal-sized ti.ah 

or bong the mi-• l'.Naf)ro\UI fin~rliaga •ioh G'IJttiTtul to 

the spring of 1950. iberotor•, ttase obsormtions of re. 

prodwstive aeti't'itiss reter only to t:t-Jt brook and brown 

trout. 

The fir at indieatioa of epawniag occurred with the di•• 

coveey ot two partially ooapletsd °bl"oWA t;-out nests in 

Wilder Ol"eek: en Octobel" 25. 1949. By lio"l'Cbel' 10., lpa,wning 

bf both brook tr~ut and brown trout ba.d appsr•ntly reached 

iw peak. The lasti e'V'iiienco ot nesting aoti'Vi't;;"' •• no'"d 

in Wilder Creek on No-.ber 17. although thwe •Y baw 
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bee lim:l'ied apawn.tng 111 all the atreum after thia date. 

The •ter temperature ill Wilder Creek•• 49°F. at the 'tiae 

the til'at neeta wre tom. At the end of obserwcl aetiTi• 

ti••• 8lightly more than three weeka later, it was 4o•F• 

••t-buil4ing by brown trout -· obNZ"ftd in the liorth 

Bran.oh of the Salim Riwr oa BO'fflllber 11 when the water 

teaperature waa 54•,•• and by brook trout in Silwr Creek, 

Allegan CoUDty, Nowmber 8 when ti. -.ter was 51•:r. It 

appears from these obaer-vationa that both specie• spawn at 

approximately the same tiae in thi• loeality and that the 

time of the sea.son is probably infl uenoed more by the length 

ot day than by water tem~n.tu:re., !the effect of the length 

of day on the date of brook trout spa.'lming see.eon bas be• 

shown by Hoover (1937) and by Hazard and Eddy {1951). 

lt •• belined that ono• the ch.ara.cteriatios of tlw 

11$&ting •i to he.cl been deter:mined, it would be possible .to 

e•ttma • the extent of a\li table •pa,wni.ng area in eaeh aveaa. 

Th• eite charaoter1stica of both epeoioe ahowel\l nwoh -nria­

tion. Red.u wre located. in stream areas which VU"iecl ia 

width &om 4 to 13 teet. and. in depth trcm 8 to 18 incbu. 

Curnm; wlooity at the upper ad of the redd• meaaure4 

~dway between the surtaee e.nd bovt._ ranged. tram 0.9 to 

1.5 feet pot' aeccmd. Brook trout neusta W-N gem,rally toun4 

in situation• apprOl\cbing the lower Um.ts o£ the values 

listed above. Both speoies appar.ntly eonatruoted nesta in 

open. uaproteoted areas ae often •• the:, chose the proteo­

tiw oovei- of oTerhl\nging ba..nka and shrubs. Gra.wl with 
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pdtlol•• ranging trom the else ot a pea to about tbre• 

inohea in diuieter waa used• although larger site• wre 

preternd {Figures 18 e.nd 19 }. 

!he size of the nest 'VU'ie• with apeeiee e.:nd. with the 

size at the temale 'building it~ S:maller nests were noted 1n 

the relatively still-wa.ter are_. as compared wit.h those ill 

faoter riffles. Brook: trout. which apawaed in a. aall 

tributary to Sp1"iDg Brook in Sootion 19 of fi1ohland fonahip• 

-.4-·redds n:ot more than 2 feet loag and 18 inchea wid.•• 

wbero• brown trout 1111ata 12 fut long and 8 feet wide were 

· •fll!ll,tN4 in Wilder Creek• Greeley (1932} Nported that 

•~diate-ly after depositing the egga. the female dip up.. 

ltNu troo th& egg po-obt to eover the egga. Two nests in. 

Wilder e~e.k:, 7 and 12 hn long, whea exoa"n.tect.. were tO'Ulltl 

'b♦ ha.ff 2 ancl. 3 cepan.te •s pockets. reipectiwl7. 

Although the f'ggl in the lowe• pockets were CKWe.red with 

gz-a.wl t-o a dop'llh of 5 or 6 inohea, those 1n the mon up. 

et.ream pocket ot each neat weN buried in less than one 

inch of t:1.».e gra:ntl. Thia oba.rw.tion leadl the ffiter to 

question tho purpose of •uch upatnaa digging as stated bJ 

~•le7,, It aeezaa mor• probable that the •gg• ue cove1'414 

incid!!in-t&lly in tllt preparation 0£ a now egg pockei. by the 

temal•• 

Cm thtl basis of these obaerTetbions• it appeal"s that 

the only spawning aite oharaotsi-iatios oasontial for spa,m-

1.ng aot:1.Vity area (l) gravel bottca with partiolea ranging 

in · 1i~• from Clbout one-tounh imh to 3 or 4 inohoe 1a 



Pip• 18. A partially oo,aplfficl brna wo- re44 bl the lorth 
ira.uoh ot tlw Salm Riwr, · li.,....lM_. 11. 1949. 

Fipre 19. Dtagra of the 'bt'-.a trout ••-- p1crhff4 u P1pn 
18,. ab.owing the lugth and the dttptb Md e~'t 
wloot'7 nluea at •leote4 peln1is. Cuffen\ 
wlooit)r1 -•UN4 bl feet pet' 1eeond.,. 1e 1.2 at 
A. 1.-0 at •• 0.1 at c, anA 1.). •1- D. 

~ .......... 
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DIRECTION OF CURRENT ---



diu.etel", (2) OUl"n~ ,relooi'by owr the gr&ffl areas ranging 

from abollt 0.9 to 1.5 tfft ~ eecOJld. and (3) & s.ourc• of 

apring water nearby. Brom trout appear to •how leas d•pen­

danee than do brook trout on springs in close proximity to 

their nes'ta. 

ot the four stream.a studied6 only Paint Cr$ek appeared 

to be la.eking in any of the qtalities described abOff. Al• 

though springs are c01Ul01l in tmt vpltl"eam area.a, there is a. 

TGT:f notieeable aoarei ty of gravel and u alnmdanoe of sand 

and ol•Y• :In the etr4'am beln the portion designated as 

trout water, gr"av.l areas are eneneiWJ but a censu ot 

thi1 water witb. the eleot-rioal shoobr failed to reftAl the 

presctnoe of trout at any eeasoa of the year. IJ.mted ob­

aervat1Qll& illdioate that in. all the ltftUl.8, brown trout· 

migrate upstream 'to spawn. A careful examination ot the 

upper portion of Pe.Ult Cre•Jc a.t the peak of the 1949 apawniDg 

season N'ffala only thrff pa:rtially oompl~ted, bu't &taerted, 

bJ!iOffll trout neata. !bey oomain;ed no egga. Thftt lilld.te-d 

aucceeatul spawning occurred in 1949 ie certain because ••v­

e:ral f'ill@;erlings ot this Dp&oies were oolleoted in the atudy 

seo'tion in July• 1950. 

!be Jorth Branch of the Saline River bas wry extenaiw 

be48 of suitable spawning pawl, favorable water cun-eu:b, · 

and an a.-ppar-en'tly adequate supply ot aprirlg water,. Uowewr. 

durin~ the lstl.9 apa..'llffling aea.eon, only two nesi.a wer• ob­

e•rwd whiob had prQgr••••d beyond men explor8tory stage•• 

and Qllly one ot th•s• o-on:tained eggs. It b•cam.e apparent 
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that the limited apaaiq acrbi'ri.t7 in the Jlorth Branoh r•­

•ulted troa a aoaroity ot sexually•"•• fiah. Attempted 

trtripp1.Ag of 16 oft hD larger hatoheey troub eollt,O'ted 

lowmbtlr 10 failed to reveal a aingle ripe fiali. Ii gbt of 

· tbin: wre clissteoted and found to be sax,ally bmature. let 

D.Ul1$l"OUIJ hatchery fish from the •ame stock nr• aeea digging 

neat• in Spring Brook three days •arlier. 

· Condi tiona llUi table tor brmm trout apa.\ffling in Wilclei­

Creek are adequate as evidenced by & oount on !Tcro'l',l1bff 17 

ot 31 .nests or this apooiee in slightly less than a 1111• of 

etream below the county road bridg• 1n the northeastern 

eol'Jler ot Section 16, Eokf'ord Towaahip. The apparent fail­

ure of .'br'Qok trout -to spawn in this atream during the 1949 

soa.son me.;v be s:t"b'ib'trl;ed to a scarei ty of $GUally a:ture 

fish. 

An estimated 75 .P('troent of the aocos■ible lenph of 

Spring Brook ia Sui table tor trout apawnmg. On November 7 • 

1~9. a total of 55 broim trou-t neats and one brook trout 

ui,t were counted in the l~agth ot atremn from the highway 

(lt .. 89) brio.• downatnam to ths raill"oad bridge 400 yar'da 

below D A'ftnw. a distance of l•l/2 mil••• Beat 'building 

bf ha:boher7 trout of the current season •s pb.ntinge •• 

obaerved in Study Section. B and immediately upstream. Mea­

surGmf:tnts of 17 randomly S$lected apeoimme. including 8 

females. 4 ot which were ttripe." and 9 ma.lee. ,5 ot which 

wen ripe. indiou.tod tiat the attainment of SU\al maturity 

is not det•nd.n•d entirely by size. Fe.males e.s $1l&ll a.111 



8.6 inohe•• total length. were ripe, whereas othera ot the 

..... au aa large a• 8.8 and 9,0 inohe• were 111uually ilaa­

ture. The average total length of the 5 ripe males waa 7 .3 

inebe•• while tbat of the 4 immature tieh was 7 .5 inches. 

The part then trout played in the total reproduo1»ion tor 

the e•a•on 18 aaaume4 to be alight. aiace only 4 of them. nre 

aot-.117 obeerve4 digging neats. 

Pl'aetically all the brook ti-out neats obserwrd Wft'"e 

found in th• aall tl'i.butary to Spring Brook described pre­

viously• On October ;1. well before the peak of the apa111'ling 

••aeon. 2,3 partially completed brook trout nests were counted 

ta appraz:hately JOO yu-da of atrea jut below: the pomd of 

a. deserted private trout batolwry. 

AS pointed out above, aucceostul r>eproduotion dependll 

not ODly on. tblt presenoe of sexually mature fish and suitable 

•~• charaoteriatic•• but alao on eonditiona oonduciw to 

good egg survival., Although relatively little spawning ao-

1-.ivity- was noted in Patnt Oreek, egg &w."vi-n.l must ha'ft been 

eatiafaotory sinoe fingerling trout were seen the following 

ewmner. In the North :a-ranch. hO'lll'ltver. high egg mortality 

•• indloated by tti. ta.ilure to recover fingerling trout la 

1950 and by an RUd.nation ot efley neat observe4 during 

the spawning seaaon. The only neat which contained •gg• was 

exoa'ftwd on J&nuaJ'1' 12, 1950. after a mid-0.cemher flood 

bad deposited a 11:x .. d,nch layer o:t silt and aand over the 

gravel. A .total ot 187 eggs •a removed., all ot which were 

dead .. Dis possible that all were not recowr•d• but it 

is dou'btt,.i it any remaini.rlg would. be vta.ble, 
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0. the HM date. 5 neatts partially exoa"fateel in Wilder 

Creek reft&led egg IUl"'ri.w.l rates ot 86.7 perc•nb• 84.6 
proent_ 77.3 percent. 76.1 pero•ntl• and 65.9 percent. wit)& 

'' 

an. .,.,...age ftlue ot 78.l pero••• 0a FebrUU"y 2.1950. 

4 bran trout neat• ill Stuq SeO'tiOJ:l A of SpriJtg Brook wre 

uu:,at.4. igg aurnal ruuee &ff'• wi-. e1.2 peroent ol 

155 tggl • 76.4 peroe~ ot 85 •~•• 73 • .4 peroen'b ot e6o •a•• 
an4 o.o peroent 1n the fourth nea'b {these eggs wv• :not 

o-ounted. 81nee lift on•• were not found). 



EVALUATION OF 'FACTORS INP!.UEJCUG· mow. PROOtJCTION 

The tutor• kztcnn:i or tmtpeot.d ot lim.tti.tag trout pro­

duotion in. tht .._ •hcli.ed. baff been deaeribri. 

qual11sativel:y • and ql&n'bi ta'ti nly wheNWr possible. .How­

s"ftl" • only l"anlt can the q'l11Ulii1'tatiw ttff•ct at 01' _. 

taotor be detel'mimut 'bffau.se of the irtknnioll of numarOllfi 

~•a:turo•• 'berth of 'the •nn1'01Ulllint and <>f the fish JIOP'llla• 

'b'io:U th_..l••• 1n 'hhe di.n.uasion to .:follow., the apps.\Nnt 

iufl-uen:N of eaott faotOI' on pro4uetton will be e:mlua.t&<l 

by atNa.m ••niona. 'lhe &ite and ••1•• composition of 

\he tiah population11 preaenwd earU.er will b& uaed u an 

al4 u tbia e"t'&lua:t1on. 

the alcu.lated correlation eoetfud.•nta between faot~• 

and ti•h production,. both~ tr-out and non-isrout apeeios. 

•• based <tn 4 to 6 paira of mh&~ and m-.. ther-e 

... only i to 4, de&t""• of flteectom .. With 10 fff degrMS of 

tNe4-,. n.mpling erttors. and tho el«tnent ot chance may 

u'traot 80DIIN'hat from the s:igm.ticana or ·the correla.t1on 

e,ten tlu.>ugh the values ~- 'Ghose presellted as aignitiean.11 

'by ·s--oo, (1946). 

Sise ot Stream 

It ba• been gentrally ·accepted tha'b le.re,, stream. pro­

duoe more f'ieh ot larger awnge sice 'than do •imilar small 

aweaa. Iuige stream size ueua.lly illlpUes booth gNater , 



at.U"f'aoe area and gref3.ter clepth. or total water volUD,. 

Sinee the streams are all approximately the eame width, the 

major ftl"!ation appears in depth.. In hfll"al northeni W.chi­

pn atreama. Shetter and Hazzard (1939) found the greateis't 

produotion of all ap~cies to be in those 1eotiona bavillg 

greater average· depth and a higher percentage of a and;y bot• 

tom. Hoowr and Morrill (muted) feud no such relatiOJl 

between production and average depth in two New I:'..ampsbire: 

,tHa.a. GerkirJg (1949a) hae shcnm tbe.t tb.G sue of stream 

fish populations 1n several :wtiana streams ia not propor ... 

tioxial to the total water volume., but to the vol'Ulle vd.thin 

the 2•foot oont.oUl'. That this relationship of deep water 

volume to total fish production do•• not apply to th• • treurs 

ia the present study is shown in the following listing of 

the atr-eams in the order ot deoreasing volQil.e within the 

2 ... toot eon.tour (see Table l2)t 

(l) Spring Bro1)k• Section B (200.5 pound.a per ao:re )J 

(2) Wild&:r CI9ffk (96.2 p.omda per acre), 

(:~} Section B. lrort;h Branch of the Se.li.M RiTer (266.7 

pounds per a ore h 

(4) Paint Creek (161.l povnds per aoN)J 

(5) Spring Brook. Seotion A (208.6 pocda p,r aei-e h and 

(6) S•otion A, North Branch of tm Saline ru.ver (302.,7 

pounds per a.or•). 

The values ot the standing crop 1hown iti parentheses are 

av.,ragua for 1h• pillt'iod of study. It can be seen tblt Wilder 

Creek with the neond largttst peraentage of wa;ter Yoltme 



2 feet deep or deeper eupported the aalles't average crop ot 

ti1h per acre, wbereaa Seotion A of the !iTorth Branch baa tbt 

blalle.-t Tolume of deep water. yet bad the largest standing 

orop during 1949 and 1950. 71here appeare to be no correla­

t-ion between percentage of deep waiJer (pools) in the eeotiou 

and size or th• tish erope present. Neither is there c-ornt• 

latton between percentage of deep water and percentage of 

trout weight in the total fish population. fhia apparent 

lack 1• no doubt partly duo to the gJ"8ater in.tluence of other 

taetore wboae effect• have obscured th• influence ot deop­

wate:r volume on produotion.. 

Shade and Oowr 

The two aeot:ton, on.Paint and Wilder Creeks with the 

largeet percentages of their bank& eh&d.e4 {100 perceitt an4 

90 percent. roapeotiwly) and. with the beat bot-tom oo'ffr. he.4 

the two nalleat affrage standing crops of tiah during the 

period of study. Although the peroeni;ages ot trout. by 

we:Lght1 in the two populations. ;9.6 percent in Paint Creek 

am YI .6 pfl"cent ill Wilder CN-ek• wer• comi derably great.I" 

tha.n. those in eithff~ aeotion of the North Branoh, they wre 

leas than tllose determined in each section of Spring Brook 

where ebad• and co.•r were interior. !he total population of 

tm, North Bran.oh consilted of 3.4 percent trout. by wight• 

in Section A and 12.5 peroent. in Section •• ln Section A ot 

Spring Brook, 56.2 pereen:h and in Section B 72.0 percent ot 

the total population weight was com.posed of trout, The laok 



of correlation betwefJ!ll shade fUld. cowr and total fish "?l"'O. 

duotion (ai&e o£ standing orop). and also be~n ebade and 

oowr and tm percentage of trout in the fish popultltion.., ia 

obVious. fh1sse findings ar• in agreemont wi.th thoee ot 

Hoover and liorrill (undated) in Hew Holpshire trout streams. 

la attempting to e"Valuate the effect of water tempen,. 

ture on .tiah produeticm, i't beJoomee neoeasaJ7 to average the 

wigh, of fish per acre in the two aeetiona in the lorth 

Bruoh IUl4 in t:be two in SpriJlg ,rook, aince the tempe:ra­

"bure.a 1n ti. two aeotiom in ea.oh a-tream have been combined.. 

!hen appears to be inaigniticant ovrelation betwMa 

mean $Ul11l'l(tt" temperature in the four streams and total fiah 

production (1" • 0.517). A signi.f'1oant correlation eoeffi• 

cien'b is 0.950 at -the 5 percent level of significance,, with 

2 degt"eea 0£ :freedom.. There is greater nctgative correla-ticm 

'bt!ttwee.n 'hl!mpe.re.ture ~nd the perce:rtage ot trout by weight 

in tii. ttital population althoUgh the c:iorrelation ooofficictnt 

(:r •-0,892) is only tlightly l~as the.a the eignifioa:rrb 

'\!IIJ.ue expressed. e.bo"'fl9,. !he laek of a. moN sign:U'ica.n.t oor. 

relation bettv.men total fish p:l"'Qduotion and temp~ature ia 

partly tho reaul t of s. high proportion of trout in certain 

ct tho atrealU• The higher neptiw correlation between 

peroentage ot trou:b wigh't and. tem.pera.tUN suggests tllat 

temperature .. either directly or indinotly. ia partly ro­

aponsible tor the variation in size ot t:rout population•• 
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Bot"8 Type 

'Zhen appears to be a lack of oorrela t1on bei;ween the 

peroentagwe ot the w.riO'WI bottOlll types (Table 12) in tbtt 

atNam eeotio:u and. total tia)1 produetion ae wll aa between 

'bot1;a type and trout produn1oa. Ger)d.Dg (1949&} notioe4 

a similar laok of correlation in hi• stwlies on Indiana 

atl'MU• although Shetter and Jfru&U'4 (19'9) in Michigan N• 

ported greaten production of all speoies in tho•• stream• 

ha.nag the greaten average depth and the highest percentage 

of aand bottom. 1'he etfeota ot bottoa type on :r1sh produc­

tion ar• no doubt mostly indire-ot an-d are reflected through 

a direat influence on the abundance ot :fish tood. organihl8. 

1bfJ extent of bottom type aui table tor trout spawning cer. 

't&inly appears to be a factor limiting the produetioa of 

wild trout in Paint Cl"eek. 

Floods and. Siltation 

A.8 stated prenoutly, dif tereneee ot opinion Gilt oon­

ettrning the •ff ects of floods on a-tr'ffflJll lite. Howev.r • the 

extreme flood condt t:iOllS whioh ocourred in the North Bra.nob 

of the Se.line River appttaNd to haft a hanntul ettect. fhe 

111e.bltt ru,cre&.ae in numbers of all species except Joi'mny 

darter noted. in Sect ton A of the lorth Branch on Apri.l 14. 

1950, was ~obably due in large ?U"t to tbs f'lood 10 daya 

earlier. let,. in spite of the floodt,. thi1 stream supported 

the higb.•et .averap tiah population ot the tour streama 

atwU.ed. 
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AD indirect, although no l••• oerious, etfeot of tlood8 

11 the shifting and deposition ot bottom materials which •J' 

destroy neats and fish food organi•••• The flood in Decem.­

be:ri,. 1949, which. hae been described, resulted in a layer of 

sand whioh smothered. two brown trout neats a.nd killed all tbe 

egg■• Co:u!&trabl• abifting of bottca materials wae note-cl 

in Paint Creek also. bu't ita extont cannot readily..,_ t,,x­

pl"easecl 4uantitativel7 in either avema. Neitblr on ita 

etten on fish procluotioni be estimated a1;iatacrton.ly. I-t 

18 beli••d· b.owe'YV, that thil &hitting ot bot't• •te•al• 

d.oe1 play a ajor part in the aoal"oity o~ wild trout and ill 

tbtt low rate ot apawmag aucu:tea1 in the two atreams. 

·fhe mean '98.luee of pB, nor:mal carbonate,. bioar'bona:te, 

and eleotrioal resisti"rlty {Table 12) show ao little varia­

tion between streams, it ie very doubttul tha't any of them 

-.1.ght be exerting a differential influa.o• in trout produo ... 

tion Ol" on total fish prod'-letioa, Varie.1d.ona between date• 

on the aame streame wer• considerably gl"ft'ter the.a 'tcbe average 

w.ri&tione between ■mama. Aoooi-ding to Ellis (1937). moat 

fish species haw great tolennee for ftr:tation• of plI, 

carbonate oonoentre:t1on. and apecitio conduotance (reoiprooal 

ot reaiativity) owr a wide range ot valu.a. 7be rage 

ahovrn by Ellie •• greater by f'ar 'than tha.t eb.oa abow. 

Although there appears to be no correlation between total 

weight ot fiah and any ot the chemical features listed, there 
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f.• ra.ak oorrela'b1on between &ffl'age •1ght of trout antl pH 

(r8 • o.800) and between trout weight e.nd normal oarbena'be 

(ra • 1.00). It ■hou14 be pointed out• howewr, that in. 

•pite ot tbeae high eorr•la'tion value•• 1ipfjcant rank 

oorrela'\;ion cannot be obtained with only 4 pair• of measure­

ment• at the 5 percent lewl (Sne4eeor. lsti,6). 1n Tiew of 

the slight wriation shown aboff and the extremely wide 

range ot tolerance of ti1h for these factors. it appear• 

that the high correlation •howrl is ooine1dental. 

Food. Supply 

lt wae pointed. out in an earlier section that the a-.er­

a.ge ntabers and vol,nea of bottom organiSJU determined. by 

•amplillg are probably not 1u£tioi•ntl7 reliable te permit 

aa aeoura:te estimtioa ot the total potenti.al tood suppl7 

in a atream aeotion. However• with a .lm.owledge of the U• 

wnt of eaeh bottom type,. tha7 do gi w fairly reliable 

appra:itimationa 0£ the relati.,. ais•a of the standing crop• 

of orgam.aa in the varioua aeotiona at the time ot sampling. 

Th• tuipificant poaitiw correlation (zii • 0.512) 

"tween the average night ot trout a».d the weighted affra• 

YOlU!ldt of bottom orge.ni•a in tha eeotions my be explained 

in the following •y1 (1) all orpni.llU which make up the 

standing crop a.re not u'bilised by trout to the same degree, 

(2) a 1iaable portion ot trout food durizlg the SUIU'll.lN' con­

ait'te ot terrestrial orguJ.aa, and (3} the standing orop of 

bott• organ181118• measured dUl"ing a period of a few •~a, 
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ls not a reliable ••timate ot the total food eupply auil• 

&bl• to tbe trout population throughout the entire growing 

eeaao. 

The low neptiw eorrelatioo (r • .0.450) between the 

awPage 119ight of non-trout epecin and the affrap vol-.e 

or bottowi orguiam• indioawa 'that the poteatie.1 food supply 

la i.Dffzteely proportional to the 11&• ot th• non-woa 

population. Thie rel&,tionship suggest•• but doe• not prow. 

that the large :r11h population in. acme $$Ot1ou are keepug 

the bottom organillll at a 1.- level of e.bum!an•. lloowr 

and Mott.rill (m'Utated} reported • similar lac:,k of correlation 

bff1;ween the wight of trout and aoulpim per aore and tlw 

numbers of inwrtebratee ~r aon. 

it•• stated earlier t-mt competition for tood appear-a 

to uia'b beweea trout and non-trout apeoi••• but ita eerl-

0\dneas oanno-t be determined aiaM food requirements in 

nlation 'to food supply are not k:.aawa. The extent of total 

oompetitien be'tweea groupa. h~w_., 1a suggested. fhe 

negati,,. correlation co-ettieien.t r • -0.651, although not 

eigaitiout. doea •ugg•s'b a 1.merse n:tio bfttween tlw •i gilt 

ot trout and the weight of' other spi,ciea in the aeetiona .. 

Thia ~•le.tionehip may be attributed to moderate compe,ttioa 

bet-"9en the two gl"0'1p8• or to the failure ot the atNU to 

aatuty 'bhe be.bi tat requir.DS.ta of the lesser gr~,up 
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npreeeJrted_. wbioh doe• not neoess&l"'ily rule ou'b the pr••• 

enoe ot oompetitia. 

'l'be meager catch reCOl"«w d.o not pemit a reliable 

••tiw.te of the e.tteot of tiahug on the trout popula:tiena. 

· It mq be •ately said that a.t'tel" the tir&t few weeks of 

the aea•on• very little angling oeoura Qt1 Paint C~eek: and 

tbl Horth Branch of the Saline Mv•r• whereas. under normal 

conditions. moderate fishing pressure oontinuea on both 

Wilder Creek and Spt-illg Brook throughout mo.st o~ the trout 

SMIOJl♦ 

Cle.aaifioation of the Stream& 

Altbough the sia• and. speoiea ecmpoai'\Q.on ot the eati• 

aated tiell population and tbe ext.at ot na~ r•produo:tioa 

do not proYi4e a preeiae uuure ot ti. a.bility of a atl'"M11l 

to pl"oduoe uout. they do give a mod•rately aec\u·a.-te •ni• 

•t•• In the absence of complete infcanoation oza. the 7ield 

of trout to f' iahermen awl the extent of migration out ot 

the s:tud.y 1eot1ona. u.y attGpt to olaaeify the tour av .... 

airud.ied in term.a of trout production :m.ust be 'basecl on 

atanding orop. natural reprod.ucrbion. alld the •xtent to which 

the r;tr&U111 appear to meet the habitat r•quirfllMnte of the 

trout apeoiea present. 

On this 'baaia. the following claosifiaa~ioa of the 

tour atreama is •de• 



1. Ballll•fid.e tro® ••--• a ai&able population et 

wild. troub uiat1 at all eusolUI and natural repro­

duction oecui-, &l'11'111all7. ln thi• oe.t.gor1 are 

placed Spring BroQk. and Wilder Creek. 

2• llar-ginal trout •~• . the size of the wild trout 

population. although genef'·ally Dall, veriea fr• 

year to year~ s.nd. limi~d rst\l?'al repro4uot101l 

oeour1s. Paint Creek• with relatiwly few wild 

-trout.• i• clasatfted. e.e a !l'!fWgiDal t:-ou.t ev---. 

'• Sub-marginal or seae-mal tro\lt atreuu .the wild 

trout population and •tura.l 1'eprod.uo"t.ia are 

questionable or absent. the North Braneh ot the 

&aline River ie ooneidered. a seasonal trout 

. atreaa. 



OOWLUS IO:te 

On the e'ridenoe preeent.d abo•• it appears tm.t the 

•1Z• of -the trout population 1a ird'lueaoe4 by ditferent tac­

ton ii'& ••oh atreaa. fh• W,Jtiatioa in a•erage depth. ahade 

and oowr,. an4 obemioal oharacteriatioa ii probably not ao 

great that an:, of th••• teature• baw a noticeable limiting 

efteat on produot1• 111 &Jl7 ot the etr...... The ~ low 

voU'b pJ"oduotion in the ~h Branoh ot the Saline Biver 

appear& to be the nault of ffYVal taotora. !be •an &\IID.mel" 

•t~r tftmpt,ratun,. although not abow that commonly aco•pt•d. 

as tol•rable by trout, appe&rfJ to 13.Jtd:t the nUlllbers of t rou.t 

and to favor an inor•aett in &'bundtmoe ot the competing fish 

species. 'l'he food supply in tti. Borth Branch appears to be 

limited. in compariaon to that in 80lle of the other water•• 

possibly the reault ot a very large populatiOD of non ... trO\lt 

species and ot floods which cause a •hitting of bottoa 

ateriala. The •bii'ting of the botta also baa a serio• 

U.m1ting etteot on the trout by -deetroyiq neats, a• •Ti• 

denoeti by the lao:t of na. tural reproduction. 

the low avera• procluotioa of both trout and other 

f:t•~• is in Wilder Croek appaNDtly not greatly 1afluenoe4 

by temp6rature. The food supply O<llllpares faTOJ't\bly with 

tl'Bt in all o'Wler atreua and competiti<m appanntl;y ia 

slight. Beoause the eetima ted sic• ot t be total fish popu­

la tion decreased tl"oa 101 pounda pet' ave 1n 1949., shortl7 
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befct'e the dredging be p.:n, to 51 poun.da per aer• an• yeu­

later wbtle th4 rb-edgiag eont:l.nue4• it ••-- ea.t'e t,0 assume 

tlat a a.jor part of th11 decrease •s·cauaed 'by the dredg­

iag operation wbioh kept the atream in an extremely roily 

oondition at all th!.$s. The e0'1!.pflrat:i.vely high fishing 

tnten,,11,ty 11 no doubt partly rosponaibl• tor keeping the 

trout populatiO!l at this lmr level. 

The factors ot tuq,era:ture,. flooding,. and etnnpetitioa 

appear not to ha:ve a serious 1im1 tin& effect on 'the trolxb 

population 11'! Pa.int Creek. lloftnr. tte g.reat_ecarcity of 

natural reprodueticn of ti-cu'\ ot all e.gea and the very 

limited pl"odunion ot bott• organiema indicate that tlw 

high percent.age of sand bottoa, whieh ia c:ontinuall7 shift­

ing. aeta as a lim ting factor. 

There are no a.1,parent condi.tians seriously limlting 

trout production in Spri11.g Brook., Fishing in'tensi tJ" l'l(l 

doubt, plays a major role in eurta1ling the size of the trout 

populat1o:n,. but csnno"t be eona1del"ed a s•rio'Ull factor in 

reduoing production until it b1t001U.es ao grest as to ea.u•e a 

eoarcity of b!'ffding fish. 

It should be peit.ftti,d out that t.be apparent eorreation 

betwen eic• ot trout population and the verioue faetor1 

dia\lueeed a'bo..-e bas only mc-derately high me.themaiii•l &if;• 

nitieanoe, partly 'bltoauee of the 61.nt\ll number of pe.ira ot 

Masurement•• cl.eterm:l.Md. by the numbe!' of streut aectioU-. 

Such correlation OQC!ffi.e1ents are strongly sugpstive ot 

a1gniticnnt relation,!d.p. 



UCOl&iENDAf IOlB 

A •;Jor .function ot tho Michigan C011Ser,aticm Depart­

inen'b's Fiab. Division ia to provJ.~ :sa.tiafaotory fishin6 year 

after year to tho gee.teat ni.;ibor ot f'iahsnwx&. Because 0£ 

th#!t gx-oat distance to esome of the narther-n trout watere., 

these southem streams· near la.t'ge oonters of population haw 

a definite place in the over-all reoreational program if 

they cu· bf! ~ to pronde trout fishing commensurate nth 

tbt oo&ts invol-ved. Tbe planting of lopl-aisod trout is 

erqx,naive and not too eucceaai'ul in aom of the stream.a 

deacribttd. Reoowm,ndations are aimed at increasing the pet'• 

e•nta~ ·ot planted·trout oaught by fiammnen and improTing 

~oxnea'b&l oenditions to faVi'Jr an inc?"&ase in ne:hUl'ally 

produ.~4 trout. 

Bfloa.UH the f'ishing ~ssure on Paint Creek dooreaGoa 

abruptly after the first week 0£ tba eeason IUld because 

mortality ot hatchery troub ia high• cnl.7 one pN•seaaoa 

planting is roo~n..t.d. Brook trout uld brown trout o.l"e 

favoN4 sinoe the fOl"mft~ are eaeily caught by tbs fisheran 

encl the latte:- show better surviw.l rates and are also 

.reproduo.ing naturally in limited n'Ullbera. 

Removal ot lim.tea areas of dense growthts ot shrub~ 

would make additional water available to the fisheftl.ea 

119 
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w:t:bhou:t greatly inoreaaing t:he water temperature. Seri•• 

ot dei'leeton in the a'Wit'ber porbion11 should expose at 

least l!llall area• of grawl aw.table tor trout spawning. 

Additional 4-flectora designed to out deep pool• al"e not 

reoommended. 

lforth Branch ot the Saline Riffl" 

tJn.d.ff Ff'•••nt stream conditions and. eligb:t mict-eeason 

fishing pre1u,w-e. only one pre-aeaaon planting ot brOWA 

trout and rai.Dbcnr trout is recommended for the North Branch 

of the Saline River. Not much can be recommended ir1 the way 

of atream bed improwment until the threat of floods bas 

been Nduced. Frequent and severe flood.a are predicted as 

long as om-rent agricultural practia.a and nonal weather 

oondi't;ione continue. Bonffl"• aoquiaitioa and fencing ot a. 

50-f'ooii strip ot land 'bordering the atreU1 are recmm.l19a&,d. 

i'be etrea baDka ahould be planted witb willow& ar other 

aui'bable shade apec1•• to mintain low water temperatures. 

Cattle 1how.d be exoluded. Construction ~ a dam with a 

a.toot head bl the l.,_r ponion ot the stream ahould 41•• 

ooure.ge t.1ps'bream m.gn:bion ot non-trout species without 

hindering the moveautnt ot voub. 

Wilde Creek 

It ie rec~nded tlat broot trout and ra1nba trout 

be etooked in Wilder CJ-eek, in view ot the eompantiwly 

high oa1Jobab1lity of theae epeci••• and that plantinga be 
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•'- immediately betore the opem.ag of the wout ••••• 

It f'1shlrlg prtu11sun aon,t!.nuea at a high lewl. additional 

imall monthly plantings of brow trout shoul4 be made. lfo 

further nffUl imprnbent meaaurea &re recommended. 

1.n 8pr1Jlg Brook• a pre-ae&a0J1 pla.nti:Ag o:f' brook trout 

in the .apper tbNe miles of atJo-. and ot bl'oilD trout in 

the reJrW:lning aco.a1ible areu ia rec~4. Adclit1onal 

plamting• of 'both ape -,1e1 at appro:dmately monthly uitenale 

eboul.d • Md.e lt tiahing pl'9•••• o011tiauea to be btav. 
Although. o<mtr ia aot aeriouly laok:.tng. d111fleoton should 

be inatalled. ill long shallow aw.to»• d atNll.m to pro'1'ide 

additioal deep hol•• and OOffr. 



!he purposes ot this inwstigation nre {l) to ttw.luate 

the tech111que• and eqtd:pment currently tted in tbli eleotri­

ea.1 eenl'us1ng of atre• fish populatS.011.I and e.dapt them for 

\\$• in soutt.m litchi.pa •tret.11$, (2) to 11S1:u1we the suo••• 

ot to, Conor,ra:tion Department•• trout planting program 111 

aeleoted south$rn Michigan stN&ma, and {3) to dewnrdne the 

factors intluenotng trout proib,1otion in the•• waters. 

The analysis of the "nsw,ing t.chrdques and equipnen't 

showed. tat alternat1J1g .. eVAnt units ot 110 volte and 500-

watt capcd.ty fU?llCti.on sa.tiatae"t;orily in olu.r atrea.ms up to 

20 feet w!~ and to depths readily nd&bl•, wi:th nter 

r.t;:1stl:nt,' values r~ t:rcm ·1000 ohm.s to ,500 emu per 

cubic e$mh\6te:r. El.ectrioal aeint,a wan not .feasible be: .. 

cause ot obatruet::tetts in the atreama. 

!J!he si&e Mid shape ot the f1-,lds produoed by •leetroties 

of s•-.&ral shap•• and sizee WN measured with equip!lC'tt 

CQndating of ~ter, voltmeter• earph~• • w:ii'e probe., and 

10 equal 1'9Si&tors in sari••• Results showed that eleotrod•• 

long$r in thtt hori&onta.l dimension perform to better adwn• 

tage in shall.ow W».ter wherq.s these longer in the vertical 

db.lenei<tn ltre btrt:.ter in deeper., :narrower streams wha. us~& 

with a 500-.tt um.t. Xhe latter electrodes prodt10e a oa.­

pa.-atively 1all etfectiw horiaonta.l field ittospeotiw of 

wat.r depth. The larger the surfa.ee eu-•a ot the eleotrode•• 
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within the power l1m:ta of the generator. the greater will 

be the •tlicieney of th• •hocker. Sue and eha~ oi' •l•c­
trodes tor gl'eatoet etfioienc7 &r9 d•te~d b7 (l) power 

output rating ot the gttn&ntor, (2) depth of the etre--. and 

c,> reaietivity ot 'bhe •ter. 

fh• Toltage gradient interMp'84 by the total length of 

fl.•••• nth dua eona1daration of water reeiatidty-. seeme 

'bo be the more eonffn1ent unit of·meaaveinent to d..termi!J.9 

the 1ntenait7 of an eleot1"ical flield necessary for paral1811• 

Bead ... to-tall Tol'tage gradienta nngin~ from. 1.89 volta 

to 2.09 volts in •ter <>f moderate resistiri.ty oaua•d paraly .. 

eia or fiah ot tlve epeci••• 

Dirttot-curren-t shocbl"e function be'trter in swift or 

roily watttr than do altffnating--o-urrent units. RecoTt"ti'y' of 

urkeci fiah in clear water i-anged from o.o to 100.0 pereen't 

an.4 varied direotly- with rise ot tie. 

'fhe reliability of population •stiatea by the mark and 

recovery me'thod varie• directly with the ratio of marbd fi■h 

~o total fish reoowre4 (R/H). 

Vnder artitici&l oonditiou,. tro'"" mortality with the 

alt.rnating ... current eboekv was 11.2 per-cent, with direct 

ourrent, 2.0 peroent. llortality would ban been lesa ir1 

poaiti'le stream work. 

The most outa1umd1ng environmental features of the tour 

streams stwtted are preaent.d. Paint C!"'eek 1n 'Washtenaw 

Coun.ty is a cold•wa.ter stream in ita uppl!lP two or thne 

miltta. lt is densely shaded, and although not subjeot to 



••-.ere tloo4a, there ia oonaiderabi. shifting ot the aaq 

bottcm.. The very wara, downatrna portion often tloods an4 

appear• to have no trom,. 

The Borth Branoh of the Se.line Idvv in 'Washtenaw 

Couaty :I.a oouiderablyw.nner and ie 1ubjeot to £Nquent and 

•ev•r• tlooda. Ta bottom. i• largely gravel and rubble,. 

:Nwieroua fiah apeoiea are repreaentea. 

Wilder Ore•k in Oalhoua County i• a -.11.ab&ded, mod• 

erately cool atr•D• Oooasional floods oaus• conaiderabl• 

damage. Dredging in -the upnreu areas kept the water roil7 

1tL 1949 and 1950. 

Spring Brook in Kalallazoo County is a oold. stream.. 

!her• ii little ah&d.e, but apriaga keep the wa:ter tempo.re. .. 

'live near 6o•F. during iihe SlmlDlr. Cover and poola are 

adequaw • F'ew t1all apetoies are present. 

Gr-eat variation 1.u number and volume of bottom organi8MI 

per scqU(ll"& foot arunple made accurate estimation of atanc.U.ng 

e.rope mpraotical, o~n 'Wb!ln analysis •s made by awatifyiag 

the ampleua a.eaord1ng to bottom typos. Appronutiau ot 

otandi13g oropa of' orpniams ranged trora. 0.085 cubic eent1 ... 

meter per square toot in Seotion B ot tM Nro-th Branob to 

1.510 cubio oont1,m.tttera pel" sqiuu-e foot in Section A. or 
Spring Brook. Bath volume and nwaber qf organilblS per squar• 

toot ot bottom varied with bottQD W-• 

Vol.use of rood in trout stmmcbG re.npd troa a trace to 

;.1 oubio contiatere. Trout ~~nerally utili&ed more ld.Jlda 

ot orge.nisma tmn dicl otmr fish species. T~ nUl'llber ot 



Jdn48 utiili&•d nriecl with 111• ot fish oonoerne4. The moat 

oomme organi8111 in the bott• aamplea generally wn-e most 

oommon in trout 11toaach1 • but did not occur as f'requently in 

atoma~ha ot other apeci••• terrestrial c:,rganisu were pre­

portiom.tely more numerous in stomaoba of trout tl'OM stream 

••otiom with .,.11 bottom fauna. erepa. 

Si.cable seaeonal variationl in tbtt fish populatiOl'lil U• 

11'b8cl, Averag,, atucling oropa tor the period of study ranged 

.fro.,a 96.2 po'Ulld& ot fish.per aore in Wilder Creek to 302.7 

pounda per acr• in Section A of the lorth Bra.nob ot the Sal!» 

lUyer., The a:verage percentage ot trout by m.aber in these 

eat5,wtates nnpd from ~.4 i:-roent in Seotion A of the Borth 

!ranch to 7.2.0 percent trout in Section B of Spring Brook. 

Much ot the seasonal VBl'iation in total wight- waa the reeult 

ot the a,pa.wning migrations ot Hwral &l:'901•• • 

The exbent of natural reproduotion of trout. baaed OJ1 

nu11bei-a or wil.d fish to ha-tchery i"iah Ol'tllected. ranged tra 

o.o percent in the North Braneh to 72.1 percent in Spring 

Brook. The wild brown trout in Wildff Creek grow at a faster 

re.te than do those in S!)Piftg Br$0k. 

Surviftl of hf:tohery trout •a low in all streams. 

Brook and rainbow trouts generally diaappnred in four to 

six weelts follo,rlng planting. Bro'WD trout persisted tor 

slightly longer periods. 

OVer-wi:ater surviw.l ratea ot ad'ftmoed fingerlinga •• 

alao low. The greateet morital1 ty was suffered by brook trout., 

mfAJlY' ot which Wffe o:t legal siae at the openil'Jg ot tho 1950 

trout eeaao11. 
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F-1.abing pre■sure wa• heavy 011 all streams the first fff 

daytJ ot the aeaeon but decreased rapidly on all but Spring 

Brook. Fishermen on Wilder Creelc in the firat two de.ye ot 

the 1950 aea.aon remowd 18.2 perceat ot the trout planted. 

two day• before the aeaaoa ope:ud. 

Raiabow trout were not obaerired spawning in any o:f the 

streams studied.. Bl'aa trout spawning aoti n. ty we.a noted. 

in e.ll atName bu'b suoee1sful nests were found only in 

Wilder Creek and Spring Brook. 

Suooesatul spawning in Paint Creek seems to be limited 

because of a aca.roity of suitable gravel areas. There ap. 

peared to be a scarcity of sexually •ture trout in the 

lforth Bnneh,. and the one completed neat observed with 

'ri.able eggs •• destroyed. b7 a n.CftlbeJ" f'lood.. Suooessf'ul 

'br011J1 trout nests were rllaerou.1 in both Wilder Creek and 

Spring Brook. Th• aoaro:i ty of Brook trout redds is atvi­

bute4 to a aoaro.ity of ature fish in thne atreana. 

1'be sise of the standing orop ot trout and of all other 

specie• did not vary directly with Tolume of deep water nor 

with the degree ot sbade and eoffr in the stream aeotiou. 

other factor• uened greater and more appa,rent effect,. 

Mean aumur water temperature se-.d to be inaigniti­

eant :ln d•tenntning the ei1e of the total fiah populations• 

but did. exert rm. apparent · ofteo't on t bit aiae of the trout 

population. Bottom type appeared to limit trout pro-ductioa 

in Paint Creek, indirectly by r.,ducing toad produc1.ion• 

and diNotly by preventing auooeastul spawning. Chemical 
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teatm"•• of the water. food •uppl7. and oOJnptitition appar• 

entl7 did not intluence sipitioantly the eize of the 

standing crop ot trout or ot all fish species. The liae of 

1'he standing orop of trout appeared to be ourtail-,d by 

diffe:rent faetora in each s~rna-.. 

Oaly one pre-see.son planting or brook and brown trout 

was r ecom:mended 1n Paint Creek. L1m1 tod a.reaa of dense 

shrubs should ~ reJBO"INtd to proVide more aceeasible water to 

the fishermen. Shallow deflectors 1n series were recommended 

to expose gl"&Wl• 

J.1'1 the North Branch of the Saline R:i:ver,. reo011W1endatioaa 

included (l) one pre-sea.eon planting i;,f brown and rainbow 

trouts,. (2) aoquirillg, :tenoing, and planting with willowa t 

5°"'foot strip of land bordering the aweam. and (3) construo­

t.ion ot a. low-head dam to preveDt upstl"eUl migration ot 

n-on--t)-Qut species. 

Planting recommendations in Wilder Creek inol.uded a 

pre .... sff.Son stocking of brook tr<>ut and rainb<ffl' trout nth 

s.mal1 monthly plantings of brown trou1; as r equi.Nd. 

~ Spring Brook. one pre-season a.nd additional .. 11 

monthly plan'binga of brook tl"out and brown trout were 

reoomtlliltJlded. Detlectora were recommended. in long shallow 

stretches of attream. 
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A DESCRIPTION Of ADDlTXOlfAL SEIBCTED S!REAltB 

IN SOtJTllJmlf MICIUGA...if STUDIED WJRING lSll,9 

ln addition to the stucH.et jwat reporied._. Dine otheP 

aoui:lwl"il Kiohige.n atreara reoeiTfCI. superficial imrestigation 

during 1949. !he Nsulta are preeen'bed very bl"i$f'ly in tbt 

following papa. 

Pain.t Creek 

Paint (lreok, :1n. Oakland County• is a comparatively 

smll stream ranging in width tram. six test to approxim&Mly 

forty teet. and 1n depth fr<n thr•• or tour inehos to four 

test in the deeper pools. lt arises in Orion tOM1Sbip 

(T 4N .. R lOE) a• the ouillet ot !Ake or1on. The atroam 

flows ins. southeantarly direction tor approzimately twelve 

mil•• auiti joiu the Cllnt-011 Ri ffl" at Roeb.aster. fbe Sta°• 

roU11diag oountr7 ia generally open pasture and culti-vated 

land with oeoasional atretehes ot deciduous trees and ah.rubs. 

l'n the put decade• the land 'bordering the imiedia te eh.ore. 

lina bas beoome ffr7 popular as sit.ea tor 8\1llDNI' hOIUs and 

oottas-•• A.a a reaul t,, there are •av ftl8.ll priwte holding• 

aiaeabl• 1tre"bohes of 1trea closed. to the publie. How­

ever. this pattern. of ownership ha.a resulted in the pr•a•r,,_ .. 

t1on of JnUOh 0£ the •~ide vegetation ill limited areaa 

and .baa had moderate eftecil in she.ding the ,.rtr~am. 
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Arising aaa the outflow from take Ol'ion, Paint Creek 

bas two features not g19ncrally associated with good trout 

wa:te:ra. First. spring .flood level& in the lake usually 

mean serious tlood dalnage in the stream. both to the water­

oo\ll'se itself and., reportedly, to the fish life oontaine4 

therein. Seoondly, ainoe the outflow oo.ms from the aurfaoti 

ot the la.lee, which becomes very want d'IU'ing the suamiel", 

atnam temperatures of eo• to 85•F,. are aot uacOJlllliOL I1cnr­

eve:r, shade and spring sffpage in restr:towd downst.~•a 

e.reas t-end to lqwer water temperaturtttr from 5• to a•F. 
below those reoord$d immsciie.tely downstreoon from the lake.; 

The streb bottom is composed largely of' fine gravel 

with extensive stretches ot rubble e.nd small•r areas of hard­

pan. Rooted vegetation is common, particularly in the ritfl••• 

The water is alkaline (pH readings ranged from. a.3 to s.6 

during 1949) and hu-4 (150 to 200 P•P•• of calcit.11n carbonate). 

Samples ot the bottom organimae collected in July• 1949. 

wer• very :rich g-enerally bu\ showed great variation in 

number; and volume ot invertebrates per square toot. 

S~ples of tho tiab fauna in 1949 indicated the pre. 

aenc• of 24 speoies with troU'b wr7 mueh in tb9 maority in 

apite of monthly plutinga of lega.l•ri.zed (7 inohea or mor•• 

total length) tiah. Al'tboligh nairurally- reproduced trout 

have been :reported from Pe.at Ol"ffk, none na tak»n in tm 

nmple•. In n•w or the ool!lpflrati vely high summor water 
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wmperaturea. Paint Creek appears not <to be a good trout 

atream. In U.mited ar•• uar the springs. Paint Creek 

will support brawn and rainbow trouts. ft• following• 

llf»JlfJd ape oi•a were colleoted in l ~ 

Rainbow t:rout • • • • • • • • Sallto Q!ird:A~r.~ 
irideus 

- '!, .. -~•Sit• 

Braw3l trout; •••• • •••• Salm.o ti-utta 

Eastern brook trout; •• • • • Salvelinus .f'ontinalia 

Common whit.e suoker •••• • Oa;toirbODNS oormnersomd 
oOlllll9raomd 

• • • OhroaoaWJ eos -----
Creek ehub • • • • ••••• SeaaGilus atroE.6.eul&.tWI 

lorthem ~~ shilw" • • • Botr!J.,i:,tl OQl"».uinis 
fl>ontalie 

lU:~r chub • • • • • • • • • Bocam..a ~c.ro:e.'!101! 

Western blaoknoae dace • •• Rbim.OhtP.l!, atratulua 
•lee.uis 

Blaokc'.hil'l shiner • • • • • • lf~op,• he'terod01l 

Central s'bon.erollv • • • 

• • • • • • • • • • lfoturua tl&TU 

• • • • • • • Eaox wnd.oulatua -------
\¾GMDolature tollon aei-. Fish. Soo. (1948) where given.J 

otherwi•• nu•• are trom Hubba an4 laglv (1947). 



ltlaokeid• darter • •• • • 

Central Johnny da~r •• 

Baned fantail • • • • • • • . ~oeoili~~- tlabe~l~i• 
flabellaris 

Bluegill • • • • • • • • • la1>ami• macrQcb.i.1-ua 
r -·. - ' 

Pmn.pldn8Md. ••••• • •• • Lttp-.,!f pbboaua 

Rock baaa •• 

Bice Creek 

we-et-eentrel pon!on of Jaokson County. It flf'.\W'I approxi• 

ma'toly du• wat tor 15 ml•s and empties in-to the Kalanaaoo 

River at M'orshall• Calhoun County. Throt:gghout 'fflUch of its 

trees and shrubs. crh.e lowe-r portion of lie• Creek is part ot­

the Obain-(lf ... te.a Qo,mty drain. The ~streu. reaches .form 

tbt l:U.CM!i Cret11k l'.ntereour::ity clraiD. A• a Nault of early drectg. 

ug tor reo~ia of agnc!nutQl'al land.• the lower 1even or 

•ight ml•• an al.moat eonti.nuow, pools ad generally too 

deep to••• Qrgania•4 apOl"tlbft.M 1n Albia and 1-raball 

imrball•d .tr ... il&provement dev:tce• moat ot which bad been 

removed by w.rinus •••s a.t tho time of the at11d.7 in 1949. 



S~ water tftperatur• rea.dinga ranged froa :f/0 to 

65•F. dUl"ing 1949• However, record.a in the til•• of the 

l41cbigan lutitut• tor 1i1be:riea Research show that muob 

higher 8\111m1F maxima a7 occur (81•F. o• JtUlO :;o, lsi+].). 

Mu.oh of the stream. bottam ii compoae-d of gre.nlJ ye't 

etretohes 0£ pnd. and silt are 00111J1on. Denae bed• of 

.,..getation obaened inolude !'F!OE!!fll!!, Potamogeto!1, R 

Ranauno~lue, a.nd llanurti• officirlal•• Cheaical ana.lya1• 

on .July 11. 1949, ind.ioawd that the 1tre&11 is albl1a• 

(pB • 7.7) and barcl (275 P•P•• of calci1a carbonate). 

The 13 fish species oolleoted in Rice Creek during 1949 

are listed. below. Additional ape-eiea •1 haw been prese:n:t 

at thit time• but not taken sinoe the ef fioiency of the eleo­

t~:lc shoobr uaed. 1n ma.kiag the collections •• 1-pairet,\ by 

'bhct relatively g,JMJa.'b depths. White suaken wre eepeoially 

abundan1J and appttar-ed to be quite heavily parasitiae4 by the 

oheetnuii lampr•Y• 

Brook• 'brown. and rainbow trouts haw been planted 

exteneiflly :1u the atreui but because of high ~ temp•n.­

tur•• and slight ourl'ftt. brown trout a•• beat adapted. 

Fishei"Un have reporied catches of very lu&e ape-oi.sleu ot 

thia epeoi•• in recent Y"-r•• 

• ,Iohthl!!l!~~ oastanewa 

• • • • • Salao e,irdneri irideu 

Brown wou-t •• •••• • Salu trut1la 



Eastern brook trout 

OGWID'>nwhit. auolatr 

• • • 
•. • Oatoatomu comm.tt1"5ormi 

401U'llff' Sonni 

Bog sueker •• • • ••••• llype:ntell1111. me;ieaJJJS 

• • • • • • • • • SGotilus atrorm.oul.a:tua 

O•ntra.l common •hiller• • • • ·Rotro.e• cornutus 
, ohrl!, ~p hal us 

iiorthern cOIDtlOD ehiner • • • -~~~i• eornutus 
honta.li• 

Central atoneroller • • • • • 
~ass pickerel • • 

Cemn.l ltlUdminnow. 

• • 

• • • • • 

Ca,npostoma tmomalum. pullua 

Eaox wrmioul&tua -------
Umbra limi ----

Soulpia • ••••••••• • Oottus ba.irdi 

Glaaa Creek 

Glas• Creek in Barry County. is tol"lled by the outflow 

ot several lakea in the townships ot &po (if 2N - R SW). 

Oi-tmgev1ll• (T 2N - li lCW) and Rutland (T 3)1 .. R 9W). ?be 

e•s'bward for apprOJtU1ately five miles. then northwestward 

for fiw mile• and joi:wl the Thornapple River. The Glass 

Creek eyt1'bem ineludea uother seven miles ot fishabl• trib .. 

utarie■ • Although :much of the watffeourse is shaded b;y 

d.eoiduoua tr•••• Sl8dr stNU1 temperatures are often high. 

lleadillga on June 2:7 • 1949, ranged from 73°F. to 84°F. Su.oh 



bigb temperature• no dou'b'b resulii la!'gely trom. the ao-uree 

ot the atreams avfaoe outfl• trOID WIU'lt•water lakes. 

A large ?troentae, ot the nream bot~011 ie oomp08ed of 

gra'Hl and and. '1'1- water ia alkaline and bard. · DuriJtg the 

8Ulll.ffl9r ot 1949, pB ree.dinge ranged iTOJD. 7.8 to 8•0 and total 

alb.Unity ranged fr-• 190 to 206 P•P•• ot calcium. cszbona.te. 

Brook trout and br01111 trout ban bee stocked 1B Ola.as 

Creek anilually since 1933 an4 rainbon annually since 19W). 

Ia Tin of the extremely high summer waiter tniperatUNs u.d 

the comparatively •low currot, it apP4W"B that the brmm 

tl'"ou.t ia be et suited for a toe king in theae wa 'berth 

ln the saapl•e of the 1949 population trout were •:xtr••ly 

nu'•• !he presence of two mtin br01m trout. 18 and 22 

at lea.at partially aucoea1ful. an4 may be well establiahff. 

lo tNtit of thi, curl"ftnt bat~!lery plantings 111tre *"•• 
'fm f"ollow.1.zag species ,.._.. oolleoted on June 27 • 194-9• 

Com1110l\ whi:be sucker • • • • • .Catostaws CQllll8raotlld. 

Sculpia • • • • • • 

OOllllllffaoui 

I! • • • • SOlllO,_~lua atromaculatu 

.. . 

• • • 

• • • • 

• Rbi11i~ht!1V atratulua 
!!!!!Vi• 

• Cottus bll\irdl ...... _~ .... 
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There are two ;treama in Allegan Ccnmty named Silftl" 

Creek. . The OM I studied in 19..1,9 ar1••· in 'the tow.a.ship 

ot Meath (! 311' • R lltw) and flon northwest 2-1/2 mile• 

to join the Little Rabbit Riwr. Th• co,mtry aurroUDclillg 

tbie etrem is gently rolling $nd quite heavily woo&fd in 

a lld.xt-ure ot hardwood& with oaka predcminating. The sandy 

S">il is porous, e.n4 clear. cold apringa are common the 

\'Vhole l~ngth t:tf the atnam bed. 

Sil-ver ON$k is a 8.111&11 atrea.a, generally lea& than 

20 te•t wid• and less than two feet deep. It ilt broken 

into many small ohfumel• by denae growthl ot alera and 

equally dense mate of water er•••• The atream. bot'fiom ia 

aotb and. boggy and is ccapoaed of sand and 1Ut. Fallen 

loge, bruab. and the raaine of stream hlpro"9Dta~ de'Yioea 

.,.tt•r ucelleat trout oo,rer. The •ter ia olefU" and 0014. 

The maxi.a tu,peratur• recorded Jl.l.lW 1. 1949. •• 62-F. 

(oorreapoadlng air t•pe~ture •• 84°:F. ). 

ho dams• loeated. about baltwt.y between the source and 

tbt mouth ot tmt atreU'l haw created two small ponds. An 

adjqizd.ng ceapgr-OUl\d akea Silver Creek popular with 

!'is herm.en. 

Br~ok trout haw 139.•n pl.anted in thi• stream amu•llJ 

ainoe 1936. wbAMas, ninbowt -..re stooked only in 194, and 

1~. On J\11'.ltt 1. 1949. a oaretul cheok with tu •l•otrio 
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1hQObr·in tbAt portion ot nrea abo• the ponda indicated. 

that only the brook trout have SUM'iftd and an repro-duoing 

Mtu!'a.117. Two other fish 1peoi•• obsen-ed. the central 

mudtnimtow. (ttmbra lilni) and the eculpin ( Gottus bair~) • ---

woo-ded o.ountey and. joins 'bhe &lula&oo R1 wr two miles nut 

ot DurmingvJ.lie. Although its eouroe is very clos• to that 

o.t Sil'ffr Creek and tho country through which it flow■ i• 

similar• it differ-a tram t.be titrea just desoribed in i ta 

$.lightly larger si.&e• its steeper gradient. its lack ot 

aquatic wgetaticm, am its stream bot-boa of grawl and 

:rubble. It is shaded. b7 dense growths of alars and d•oi ... 

duou tffea anti excellent trout cover ii proVided by 

numerous fallen log•• sturnpaiJ and brush. The water i• mod• 

orat.ly oool and. on Jwe 1. 19-{.9, was light brown i.n color. 

The muima -nter te:.pera.ture nad.i~ the.:b day was 6;•:r. The 

oorresponding air temperature was 84,•F. 

BrOQk trout haw b$en stocked annually since 19331 

brown aild rainbow trouts since 1940. Aa in pi-evious streams 

described• only the bro• trout baa 'beemne well established 

although Ob$ wild brook trout waa taka With th• •lectric 
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hatohewy ple.nting•• 

!119 etream is used fJXben11vel7 as spawning ground& by 

the •• J.ut.prey (Pe;t;~"!W!• inrinu). In addition to the 
' 

apeeie■ mentioned• the wat.rn 'blacknon dace (Rhitdcb:tm 

a.tratul • -,.ieae:~.1!,) and •eulpin (Cottua, :n..1rd1) were 

obaerwd. 

Sand Oreek 

Sand Creek., also in Allegan Collllt1 • has two branches, 

one .ot 'l'lbich arise• in Heath (f JI' ... R J.4W) and o• in Valley 

(! 21 .. R 1.4W). The stream.,. including its tributari••• is 

approXimately three mi.lea long. It flan wsiward ilht"ough 

mxeci hardwood torest over a sandy soil and joins the 

l'al-zoo River. Sand ONek is fed by IWllfl"OUS apring•. 

partieularoly near its source. Wa.ter' ore-se (Ha:s:turti,a 

off'ioimle) abotmds in thes~ swa.m.py aite11t ~,.rther dC1W.11• 

Throughout most of i t1 length• the 1tre&m ia very shall-ow anti 

loffl and as a resw:'b, good trout oo'fltr ia rather scarce. 

The •ter is oool and. probably do•e not exceed the upper 

temperature limits tol•rated by trout. 

Brook trout were planted in Sand Creek annually fr0111 

19'6 to l9!46J rainbow,... etocke4 in 1943 and 1944. A 



oolleotion tl"ip with the electric shocker OJI June 2. 1949. 

reault.c.i in the capture of only two species. Wild fingerling 

brook trout and the •oulp,in l~ottll! bairdi) were eapf»oi&lly 

abundant. Only one trout over tour aoh•• 1D length was 

obaerwd. 

Swan Creek arises from apring aeepa.ge and fre the out­

flow o£ aewral lakea in the towuh:l.p ot Ob••htre (1' lll • 

It J.4w) 1n Allep.n County. It fl<ms northward fer a.pproz .. 

h!atflly fourteen miles and empties into 'the Kalamazoo RiTer 

in Valley township (T 2lf - R 14w). !he stream is generally 

nll shaded by hardwood :t'oreat and exo•llent cover ts pro­

vided in the form. of fallu. logs. bftuah. and unarout banka. 

Kidltreui d~pths r,uge from about •ight in.eh.ea to lft.Of'e 

the fiw teet in. aome of the deeper pools. Th• bo'ttoa ia 

composed largely of gn.wl with res'brioted areaa of sud and 

ailt intermixed. The 'Water is olear. ligh't brown in oolor. 

aad •od•ratel7 cool. Strea 'bapen:ture readings takea 

May 31 to June 2. 1949. ranged from. 62-F. to 65•F. whil• 

oorresponding air teinperaturee ran.get\ .t"roa 76•F to 84•F. 

A daB at the oroaaing ot highway lt.89 forms a lake 

about a ml• in lengt;h. It appears that oonditioa1 in tht 

lake faTor the doainaaoe ot apeoiea geaerally not de1ired in 

trout waters. Several warm.-wa.ter apeoles were collected in 

the atreall abow thJ lake. 
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Brcnm. and rainbGW" troU'ba baff b•e:a etoobd annuall7 

11n.oe 1933. wher•a.• brook trout were pl&:1-t.d·only troa 

1933 to 1936. Of these salmonida only. t'.be 'brown trout were 

takea in aizeabb· nUllbera during Hay 31 to Jun,, 2. 1949. 

th•· preaeno• 0£ a.nral wild ti•~ indioatea that tbia 

specie• baa become established. wber•ae ~ few rainbow 

trout oolletc"ted •re those of current hatchery plan:taga. 

In · a4di'tion to those just aerrt.toned., the following ap&oiee 

w•r• collected 1A 1949s 

!amps-e;y am;Deoetea • • ••• (Wot identified) 

' ... 
• • 

• Cato1tom.ua C0'Jfflle1"8onni 

o011JD.ersomd 

• S01otilua a'tl"QJll8.oulatU1 

West.ra blaolmo•• dace • • • Rhiniohthya a.'tra:bulUI 
aeieagril 

Centt<al stomroller •••• Campoetoma an.oma.lum. pull~ 

Central :wdmimlew • • • •• Ultbra liai 

Greon sunf'isb • • • • • • • Lepamia ceellus 

Seulpia • • • • • • • • • • Cott us ba irdi 

Ea.at BrtU'J.ch of the P&w Paw River 

The Ee.at llranoh ot the Paw Pe.w Rinr arias a1 seepage 

from nimerou1 apriap in thfJ tOffllllhip■ ot Te:u.■ (T 3S • R 12W) 

in Kalamaaoo County and Aatwerp (T 3S - R 13W) in Van Buren 
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fed by ad.ditiou.l apringa al02ag it• oour••• joins the Woat 

Bl'a:Qeh or the Paw n,.w at liapl• !ake in the oity ot Paw Paw. 

The soil 1n thia part 0£ the state is compoaed largely 

of gravel which ab1orbe much of the rainfall od release• it 

later in the f'orm of ol•u• cold apriaga. The gently roll­

ing tenain of the region ie quite in'tenaiY•ly cultivated 

and paatured al. though much of ti. land bordering the at:req 

bed has biten lett with i'ba natural flgetation of deciduous 

treee and ahruba. 

Like tbtt surrounding land• the stream bottom ia 

largely granl. ~ frequent and deep pools are generously 

prortded with sh1tltv tor aquatic life. Summer n-ter taper-

1n,ll"• 1• not exoeaaiYely high ae evidenced by a seri•• of 

readinp in 1949 wbioh ranged troa 56• to 63°F. Dut-i.Jlg the 

aue ~r:lod• ehemice.l analyna indioated the water to be 

•lightly alkaline (pH valuee ranged. from 7. 7 to s.o) and bard 

(192 to 200 P•P••• calo11a1 carbo11ate). 

Brook trout ha.ve been planted annually in thia ■'treUJ. 

since 1933. and rainbow and brown trouts a.nnuallf aino• 1937 

and 1939. respeotiT•ly. Only the brown trout ••-• to ban 

beooiae well eatabliahed in the Ea.et Bl"anch. Numeroua pa.ire 

ot adults of this species nre obserftd. spawning in November. 

1949. and fey and tingerlinga were oommoa reaident1 through. 

out the summer. It appears that natUl'ally produced brook and 

rainbow trouta are l"U'e. if present at all, since none wa• 
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ob■ened during the 1'bud7. 

An additional au fiah epeci•• eolleoted in thi• 

nr•ut are liated below, 

lam.prey 1U100oooete • •••• (Not identified) 

Comaoa white sucker •••• Oatoatoaw, cormeraomii 
eQIIU!l9l" • omd 

Creek. ohllb • • • • • • • • • S•otilua atromaoula-tu• 

. ' 

Q-aaa pickerel • • • • • • • Eaox wrmioulatus -
Soulp:la •••••••••• Co~tua 'bairdi 

Creek, ie a comparatiwly small atren which ha• its eovce 

bl 8ffllmPY spr~ in Hcnnu-d townahip (T 78 • R 16w), C1u11 

County. It f 105'8 generally nortmntt tor ,approximately 

•1ght miles and ent1tre th9 Dowagiac River just north of the 

city of Nil••• Much of the eurrounding ooutry has been 

cl•ar•d tor agrieul-tural purpose• bl.lb in r•Cfllt years a 

sisea'ble pOl"'tien. near "th• stream, at least. bas beea used 

only as pa.etur• and ie gradually being covered with deoidu­

oua abrub•• ETideno• ot paat dr•4gii,g in the wateroo'Urae 

atill perai•t• in tho fora ot high pUee of ee.rth ell the 

be.:nke. However, the e-treU1. ~d itaelt is no longer nraigbt 

and level. Deep pools with good shelter ot undercut be.nka 



an4 fallen logs ar• eOl'IJIOa. 

TM· strea:n bottQll 1• oompo••d •Wy of gt"a"ffl although 

aom nretch•• ot aand, aut. and rubble do ocour. Rooted 

vegetation 1• extremly acaroe or abaent. T• maxbl1.111 water 

t.mpe:ra.ture Noorded during a U.1utecl aei-ies ot readinga in 

the 1U11J11.er of 1949 was 63•v. Air temperature at the ••• 

time n• 88°F. It u improbable that the water ~can•• muoh 

warm.er- ewa on wry hot day• because of the oopioua aupply 

of cold spring water that •ntera the upper l"eachea of the 

Brown and rainbow trouts haw 'bsen atooked a.nnually 

since 1933 and brook trout aince 1942. As in the Ea.at 

Brnoh ot th& Paw Paw River. it appears that only the brOWJ11 

trout has become suocessfully eatablisbed in Keaz ie Creek. 

Dr•d.gi:n.g operatiou in thtt upatr...._ area.a in. 1.be .fall ot 

1949 kept the wa:ter muddy and attempt:, to obaern apa,miag 

aot1Tit1es failed. Yet th9 presence 0£ nUlleroua wild fry. 

tagerH.ngs, and adults of this apeoiee indicates that 

natural reproduotion is aucoesatul. The only apeeimeu of 

other trout specie, oba•rTed ere hatchery fish t.room cur­

rent plantinp. 

Additiona.l fiah speoiea oolleoted dt'lr1Dg 1949 are aa 

f.,llcmet 

Lamprey ammocH>et• • • • • • (Not identified) 

CO&llon white sucker Catoatomus oowarao:nni 
C OlllMtl" 8 OJUl1 



• • • • ._otilu atl"Gll&oula,._ 

ltliaiohthz! avainll• 
. !,•leagi.~ 
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lHJMBERS AND FREQllENOY OF OOCURRSNOE (Ili PA'RENTBESPB) OF ORGANISMS TAKEN IN 110 BO'lTCit SAMPLES IN FOUR 
SOlfllIERB MICBIGAN S~ 

Freq\24'l!ey of .oceurreaee i• expressed as a peree1l'tage ot the total nunb&r of eample-e takea on th• atr•aa 

-----------------------·----------·-----------------------------------
Organia 

Pain North Brech SaH.u JU:yeia Wilder . Spriag Brook .... 
creek Section A S•otion B Ornk Section A Seot-iea B 

·to. Pet"Cu.~ No. Percon'b . :tfo •. Pereent' No. Perc•nt Mo. l"ireei, . Bo.-Ferc.nt 

Turbellaria (Phmari•) 1 {7.1) 4 (18.8} 
Annelida (Tubit'ioida•) 143 (53.3) 17 (27.s) 21 (8.7) ' (8.:5) ~2 (42.9) 32 (37.5) 
:Malluac,a 

Physa 9 (20.0) 17 (16.7) 44 (8.7) 3 (12.5) 11 (21.4) 4 (18.8) 
Pla.norbia 2 (6.7) 
Pisidium. 2 (6.7) 3 cs.;) 5 (28.6) 3 (12.5) 

Iaopoda (Asttllu) 5 (16.7) 6 (4.,) 9 (12.5) 
Amphipoda 

~\JS 32 (33.3) l (7.1) 2 (12.5) 
llyallela 3 (13.3) 3 {11.1) 37 (;o.4) 28 (29.2) 

lfeuroptera 
Sialia 4 (6.7) 1 {h.3) 
Ohauliod•• 4 

Ep}lemeroptera 
(7.1) 6 (37.5) 

Hexagenia 5 (21.4) 10 (31.;) 
Baetidae 2 (5.6) 32 (21.4) 28 (37.5) 
Baetia l (6.7) 20 (26.1) 
teptoph9leb1irlae 1 (5.6) 2 (4.3) 
Ephemerella 4 (21.4) 12 (;7.5) 
TriaocythQdea 38 (61.1) 22 (30.4) 5 (21.4) 2 (12.5) 
Caenu l (4.;) 
PMu.dool•on 3 (4.3) 

Pleooptera 
Leu.otrid.e.• 4 (14.3) 1 (6.3) 

i 



.APPENDIX III (OONfINUED} 

PaiJn Borth Branch Saline River Wilder s;er1a1 Brook 
Organia Creek Seotion A !eoiton I Creek ieotia A §eo-t.lon. I 

1fo. Percen°' lo. Percent !lo. Perc•nt Ho. Percent io. PerMnt :lfo. Percent 

V..oura 97 (20.0) 
Paragnetina media 6 {14.3) 13 (25.0) 

J{adptera. { Corixida•) 2 (6.7) 34 (33.3) 26 {8.7) 
Ooleoptera 

(4.3) Gyrinidae 5 (ll.l) l [\) 

DytieoidAe · 6 (13.3) 9 (22.2~ 12 (4.3~ I-' 
-.J 

Dryopida• 2 (13.3) l ~5.6 31 (34.8 90 {4]..7} 138 (85.7) 178 (62.5) 
Haliplida• 2 5.6) 1 (17.4) 

friohoptera 
Gloaaoaoma (nigrior) 72 (20.8) 485 (85.7 385 {56.,) 
Chimarra ater-rilta 4 {7.1) 6 (12.5) 
'lr•ntom.ua 4 (21.4) 9 (6.3) 
Fayobcayia 26 (16.7) 17 (4.,) l {7.1) 6 (18.8) 
Polyoentropua 20 (8.7) 
Bydropayohe 50 (38.9) 68 (13.0) 10 (25.0) 15 (1-2.9) 14 (31.3) 
Hydropayohe bitidtl 4 (11.l) 53 (21.7) 5 (16.7) l (7.1) 6 (31.3) 
H. sl.oseona• 17 (27.8) 14 (13.0) 34 (33.3) 15 (28.6) 20 (37.5) 
:a.. betteai 2 (ll.l) 24 (8.7) 9 (20.6) 
Cbeumatopsyo» 147 (66.7) lo6 (30.4) 2 {4.2) 15 c,s.1> 15 (43.8) 
Hydroptila 2 (ll.1) 1 ~4-3) 
Pyonopeyolw 6 (5.6) 2 a.7) 12 (25.0) 
Limutpnilua 1 (6.7) 
Athripaode• 1 (6.7) 
Oecetia 3 (16.7) 2 (8.7) 
I.epidostoma ' (20.0) 1 (5.6) 6 (8.7) 4 (2.14) 2 (20.0) 
llicraaema 2 (J.4.3) 1 (6.3) 
Brachyceniirus n•eroaua 29 (25.0) 



APm:DIX III {C01'"nlfTmD) 

z 

Organia 
Paiat Borth Broeh. Salin,, Ri "fff Wilde SpriJlg. Broe: 
creek i•ctim:a A so&tloa B Creek Seoti-. A Seetion B 

L. PffonE lo. 1\trcen1i lo• •. Perc•it lo. • Nrcenii · · ·· 10. Perce11.\ lo. Perna\ • 

Braohycetrua uericanua 475 (92.9) 430 (so.o) 
Belioopayoh• l (4.3) 

Diptez-a 
(66.7) 47 (21.7) 37 (~.,> 105 (93.a) .Antooha 18 

Erioeera 14 (27.6) 12 (26.1) 8 (8.3} 9 (28.6) 12 (31.3) 
Bexatou. 1 · (6.7) 5 (22 •. 2) 9 (21.7) 12 (12.5) 
Dioranota 5 (6.7) 2 (8.7) 27 {20.8) 19 (1&2.9) J,42 (68.8) ~ 
Tlpula l (6.7) Oil 

Atherix 17 (J.4.3) 28 (31.,) 
Cbryaopa 3 (13.3) 8 (22.2) 6 · (6.7) 6 (20.8) 
Teadipedidae 502 (56.7) 364 ~88.9) 6o8 · (82.6) 666 (91.7) 21.&2 (100.0) !t2l (81.J) 
Simul1mi l (6.7) 6 16.7) 6 (4.,) 4 (l.4.3) 6 (12.5) 
Spphus 6 (13.3) 
Rem.erod:rcaia 18 (28.6) 17 (37.5) 
.&nthmo"Udae 2 (8.7) 

ilydraoharua 4 (13.3) 4 (22.2) 5 (1;.o) 9 (14.3) 5 (6.3) 

TOTAIB 797 833 125~ lo6o 1624 1825 
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TABLE 1. TOTAL NUDER OF OlUlA}lISMS l.t-1. 1B $TOUCm OF SEVEITY--FOUR FISH 
Fi.<11 Pillff OB.EEK, WASR!&1Atf OOiJITY,. MICHIGAN 

Frequeney of occurrence {number of atomaoba) shoo. 1a parentheaea 

Fish •i!!c1•• and nuaber atoa.cbl examh1ed 
0rgaJIUII Dr111m. Rainbow · White Bl.ulmo•• Sculpin 

trout wout 81M'lmr dace 
14 11 18 16 15 

Amaelida (Tubifio1dae) 1 (1) 
Molluaoa (Pbyn) :; (l) l (1) 
Crustacea 

Aeellu 1 (1) 2 (2) 
Byallela 3 (2) l (1) 2 (2) 5 (4~ 

N•ur-optera (Sialia) 5 (3) 1 (1 
Eph••roptera (nyapha) 7 (3) 6 (4) 1 (1) 4 (3) 

Baetidae 3 (2) 1 (1) 2 (2) 
.t.p'tophle'biiaa• l (1) 4 (2) 

Pleooptera {Nfllo\ll'a) 17 (6) 8 (4) l (1) 2 (2) 7 (3) 
Remlptera 

Corbd.dae 8 (3) l (1) 
Pentatcmid.a.e l (1) 2 {2) 

Col•opt•ra ( lar••) 4 (;) 1 · (l) 2 (2) 2 (l) 1 (l) 
Dyti■cide.e 2 {l) 5 {3) 
Dr7opidae 2 (2) l (1) 
Rydrophilidae . 2 {2) 

Triohoptere. (la.rvae) 6 (4) l (1) 8 (5) 
l'..iwmephil idae 8 (4) 7 (3) 
!Apidostae. 14 (5) 3 (2) 2 (l) l (1) 
Athripaodea l (1) l {l) 2 (2) 
Hydrop1yohe 2 ~2) l (1) 2 (2) 6 (4) 

Diptera (larvae) 9 4) l (l) 16 (6) l (1) l (1) 
Hexatoaa 2 (2) 5 (3) 
Dicraaota 2 (1) l (l) 
Tendipedidae 28 {9) 22 (6) 48 (13) 3 (2) 14 (6) 
Reurodroia1a l (1) 

D1ptera (adults) 3 (2) 2 (1) 
ZJgoptera. (adult) 
---•opten. (Fondcidae) 3 (3) 

l ?) 
16 5) 

B)rdracharina 2 (1) ; {3} 

fOTAI.8 134 84 83 19 17 
lt!NM 24 20 12 9 12 



'!'ABLE 2. fOTAL NUMBER OF ORGAlUSJAS IN TBE STOMACHS OF' FOllTY-nn FISH FROM 
!BE NOR.TR BRANCH OJ! THE SAUD RIVER. WASHTENAW COUftY, MICiiIG.Alf 

Frequency ot ooourreno• (number ot atouoha} ahowa in parentb..-"• 

Fiah •E!ciea and DUllber of . stomachs e:u.niaed 
orga.nin. Bron Rainbow Creek . OQDIOJl Piaipidi:: Sculph 

trout trout chub ahiaer seed 
12 10 7 9 4 7 

llolluaoa (Phyaa) a (4) 
Cruataoea 

Aaellua 3 (3) 2 (1) 1 (1) 
Guunarua 3 (2) 
Byallela 1 (1) 6 (5) 2 (1) 

Neuroptera (Sialia) 9 (5) 2 ?) 2 (2) 
Ephemeroptera (n)'m.phs) 18 (7) 1; 5) 3 (1) 2 (2) 1 (1) 3 (2) 

Baetida• 4 (2) 1 ?) 2 (2) l (1) l (1) 
Leptophlebiinae 1 (1) ; ll l ~l) 2 (1) 
Trichoeythodee 11 (6) 15 (9 B 4) l (l) 3 (1) 2 (2) 
Caeaia 2 (2~ l (l 2 (1) 1 (1) 
Ps•udooloeoa l {l 

Baiptera ( Corixidae) 5 (2) 17 (5) l (l) 1 (1) 2 (1) 
Ooleoptera (larvae 2 (1) l (1) 

O:,rhidae 4 ~4) l (1) 3 (2) 2 (2) 
Dyti•cida• 7 3) 1 (1) 
Dryopidae 10 (4) l (1) 
&.liplida• l {l) 

Col•optei'a (terrestrial) 15 {8) 29 (9) 1 (1) 4 (3) 
'lrichoptera ( la.r"Vae) l (1) 23 (6) 1 (1) 3 (3) 5 (4) 

Polyce.ntl"opwt l (1) 
Payohomyia 4 (2) l (1) l (l) 3 (3) l (1) 
Bydrop1yotw 8 (5) 15 (4) 1 (1) 3 (3) 3 (3) 
¥roP•1'o• ■losaoaa• l (1) 8 (7) 3 (1) 2 (1) 
Oheuu.topayohe 68 (9) 31 (8) 14 (3) 2 (1) 
Hydroptila 3 (1) 
Oeceti• l (1) 

Diptera (lax-vae) 1 (1) 2 (2) 4 (2) 2 (2) 
Antocha 3 ~l) l (l) 
T1p1Ala l l) 
!endi~d1a.• 70 (10) 36 (6) 17 (4) 8 (3) 6 (3) 34 (7) 
Sim:uU.Wl 3 (3) l (1) 4 (1) 
Anth0117iidae • l (1) 

D1ptera (adulte) 7 (3) 18 (6) 2 (2) 
By.menoptera (Fol"Jaioidae) 3 (2) 14 (3) l ~l) 
~aoharina 2 (2) 4 (1) 2 l) l (1) 

TOTAI.S '=75 258 43 21 59 58 
KINDS 28 26 14 11 19 12 



!ABLE 3• 'f OTAL NTJMB:ER OF ORGANISJS IN 'f11E STalACIB OF FORTY-FITS FlS R FROM 
WILDER CREEK, CAI.BOW OOtllff, mom GAB 

Frequency ot oceurrence (number of stomoha} ahowa in parenthena 

Fish apeci•• and number or. atomaohs examiaed 
OrgUia Brown irou't hillbOlf' trout iuaaimunr Sculp:la 

10 11 14 10 

Crua'ta.cea 
Aa•llua l ~l) 
Hyallela 8 4) 5 (;) '(3) 

Epha.eroptera. (ayapha) 6 (3) 9 (4) 15 (8) 1 (l) 
Bariida• 2 {2) 4 (2) 
Butia l (l) 
Blaaturu 5 (l) 5 (3) 2 (l) 

Ifbtptera (Corixiwa.e) 7 (5) 10 (5) 
Coleop,ol"a (lat"'Ya:~) l (1) 

Gyr'iaida• 2 (2) 1 {l) 2 {l) 
Dryopidae 3 (1) 2 (2) 5 (4) 
Jlali:plidae l (l) 

Col•optel"a ( adul ta) 1:, ~4) 5 (2) 
f:riohopte.ra. (lame l l l} 

Gloaaoaoma. 7 (5) 11 (4) 7 (3) l (1) 
llydropayche 13 (5) 8 (4) 2 (1) 
Bydrop17chft aloaaonae ' (2) 3 (1) 
Pbiloatcao.u 26 (4) 31 (6) 
.Pyoaopa7cba 9 {6) 5 (3) 2 (2) 1 (1) 
lfeopb1'lax 8 (2) 3 {1~ 
Lhm.ephil1dae l (1) 1 (l l {l) 
Bracbyoenvue naeroaua 21 (4) 3 (l) 
ProtoptUa 3 (2) 1 (1) 

Diptera (larva•) 2 (l) 
Eriocera 2 (l) l (l) l (l} 
!a'buid&e 2 (l) 8 (5) 
llexe:ba& ~ it~ 'fe:ndi~d1ck• 11 F) 9 (4) 18 (5) 

Dipt•ra (adul:te) '(1) l 1) 1 (1) 
Hp_eaoptera (Form.ioidae) 3 (1) 16 (2) l (1) 
AnMa• l (1) 
~obarina 2 (2) 3 (1) 1 (l) l (l) 

TOTA!S 1;6 169 48 ,a 
ltlltDS 26 24 12 12 
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TAlUB 4. TOT.AL NtlllBER OF OROAWIS:1§ Ill TSE S!OMAOB3 OF EI GHff •THllEE FlS H 
FROM SPRDJO JROOK, KALAMAZOO OOUJITY. MICRIGd 

Fr•q•ney ot occurrence (n'Ullber ot atOJ1111oba) ahown. ill parenthe••• 

Organilll 
Fiah 1£!Ciec ! n1m'ber atomaeha •~•d . 

Brook irowa Rainbow White Blaclau,1• Sculpin 
trout vouiJ trout aucker dace 
11 22 9 10 11 20 

ADn•lida (fubii'ioi-
dae) l (l) 

Mollutoa (Pbyaa) 1 (1) ~ (2) 2 (2) 
Cru.ta.oea. 

Deoapoda. l (l) l (1) 
Iaopoda (Alellua) 2 (2) 1 (1) l (1) 
Gammarua 2 {2) 2 (2) 5 (}) 
~llela 3 (3) 4 (3) 6 (2) 7 (3) 

leuroptera (Sialia) 2 (1) 1 (l} l (1) 
Ephnieropt•ra 

()Qlllpha) · 1 (2) 19 (5) 22 (7) 3 (1) 4 (4) 19 (11) 
Bes:ageait. l (l) 11 (3) 
Ba.etiw l (1) 1 (l) 5 (3) 
Be.•t11 4 (:;) 1 (l) 
Ephb•Nlla 17 (7) 17 (6) 12 (4) 8 (3) 
Caeail l (1) l (1) 

Epheaerop'beJ"a 
(adultt) 2 (2) 

Pleeopt•n (n111Ph) l (1) 
Heaiptera 

COJ'bddae 8 (4) 23 (11) 3 {3) 
Peata.i;caidae 1 (l) 
Ceraabycida• 3 (2) 11 ~4} 3 (a) 

Baoptera 104 (1) 4 3) 
Ccltoptera (larva•) 15 {l) 

Dyhiaoida• 5 (3) 
Gyrin1da• 10 (l) 2 {2) 3 (2) 2 (1) l (l) 
Baliplidae 

19 (4) 
1 (1) 

Coleoptera (adul~•) 11 (5) 13 (4) l (1) 
Triohopten. 

(larvae) 7 (4) 15 (9) 8 (3) 6 (4) 5 (5) 26 {13) 
GloilsoaOIU. 9 (4) :;6 (11) 4 (2) l (l} 5 (3) 
Payehayia 2 (1) 8 (l} 
Bydrop1yoh8 2 {2) 2 (l) 3 (2) 
Bydropey-oh• •lo•• 

•om• 2 (2) 2 (2) 1 (1) 
Che,aatoptyohe l (1) 2 (l) 1 {l) 5 (3) 
Bydroptila 2 (2) l (1) 
Pyon.opayohe l (1) 12 (5) 
Limuphilua 4 ~3) l (1) 
Lepido1to.mat. 5 3) 



TABLE 4 ( OOJTntmm) 

Orguiea 
Fieh •2!•ieafi 111ab4tr at~oha na:m1•4 

!rook Droa L»ii wm. Blaolmou Soul.pin 
'bi"oub trout trout suolaJr da~ 

11 22 9 10 11 20 

Mioa-aae.ma 14 (4) 24 (11) 17 (6) 
~obyoeavua 3 (2) 
Braaeycentr118 

· ael":loan• 47 (9) 4o (12) ,1 (6) 2 (1) l (1) l {l) 
Diptent. ( lal""Vae) 7 (3) 21· (10) 8 (2) 2 (2) 3 (3) 

Aatouba 3 {2) 1 (l) 
Tipula 3 (3) 2 f2) 
!endi~idu 29 (5) 15 (7) 12 4) 18 (7) 62 (16) 
Siauliat 2 (2) l (1) 
SF,h• l {l) 

Dipw-ra ·(a.dulta) 11 (3) 16 (l) 2 (2) 
Zygo;rt•n · {adult•} 9 {2) 
. .,..aoptera (For.at-

oidae) 53 (7) 16 (4) 4, (4) 
Diplopo4a 10 (4) 64 {6) l (1) 
u,dn.oarina 7 (1) 2 (1) l (1) 

f~AJS 386 ~ 201 141 41. 38 
IC.1MJ$ 30 36 28 16 10 ll 






