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~ Contribution tram th• Mlohlpn IaaU wte tor 11.aherle• Rea•roh. 

William c. Beokllaa 

Lalcea wi. t ~1 d.,•• po?Ulatioa of atunt9d f11h have lonr, presented 

a dlttioult problem to tiaherie• biolagS.eta. In 1937 the Michigan 

Institute tor F1.aherlea Reaeal"Oh began a ••ri•• ot nlanned experiment■ 

in the reduotion ot the populaUona ot cnrer-crowded lak••• In one 

of th••• experiment• the aouth b&•1n ot Standard Lake 'Wll.8 poisoned 

with derri• root. ~llpl,~• of' the rook ••• population were taken .. -t 

the ~ime of the poisoning. 1>uring 1939 and 1940 further oolleotiona 

,,." sde in order to detemine the etteot or the ponulation reduction. 

An inor•aed growth rate. too gNat to be accounted tor by a.ey normal 

growth fluctuation. had occurred in ti1h ot all a r,H. Th,,,, reduotion 

ot the density ot tM populationa ia therefore auggeeted aa one 

aolution. to the probl8111 of lake■ with lar,;e po-oulation1 of atunted. 

riahe 



Introduction 

The problem of lakea in which population• of atunt-4 £1.ah occur 

htAa tJ'Oubled f'iaheriea •nagera for some time (Hubba and Eae.hraey•r• 

1938). Numeroue mall lakee in northern l9.ohig&n were tound by 

E■ohllleyer (1937, 1938) to oontain popul.&tiona of 1tunted peroh. The 

•Jority of lake• on which he worked were othend.1• suited tor trout. 

Ho theretore oor~pletely removed the perch (by poieoning), and the 

lakes were reat.ooked suoo•••fully vd th trout. 

tarry ot the lakes that contain an over-abundanoe of underaised 

1'1 ■h. and r ... "keeper■" are not suited, howrnr, tor trout or other 

oold-water •~o1••• Standard l,ako, located at the junction ot the 

bound&rles of Cheboygan, Ch&rlnoix, and otaego County, M:1.ohigan, ,... 

au.oh a lan. Standard Lake ha• an &rea of 32.5 aorea, and a nald.llWll 

depth of Jl feet, and 1• divided nearly equally i nto a nor~h baain 

ot 16.5 aorea an•i a south baa1n ot 16 aor••• Tho two part• ot the 

lake are oonneoted by a ohannel which ia shallow but ot autf1oient 

depth (about 1 root) and width (about 200 feet) to pendt the free 

paa•g• ot ti ■h. 

In order to teat the etteot ot reducing the total population ot 

1'1ah, 110 pound• or derrla root (rotenone oontent 5 per oent) •• put 

into the ■outh baain on Sept•ber 6, 1937. The channel,... blocked 

off w1 th aand bag• to preTOnt the mO'ftffltfflt of tieh to or from the 

aouth badn during tha treatnent with derria root, t1.nd to reatriot 

the aotion ot the poi1on to that ptll"t ot the lake. Dr. R. i'i e Eaohlleyer, 

fomerly of the Iutitute tor F:l.aheri(f• Reaea.roh, waa then in oharge 

of this uper11'!1Cnt. Follcnrl.Df.; hie redgmtion, the writer took over 

the inveatiga.tion. 

All the ti.ah killed by the poison that O()Uld be found were pioked 

up, to be weighed and eount-4 by apeoiea (Table 1). A. total ot 
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TRE S00?8 BASI !l ()JI' ST,\..)(DART> LAKM OH Sru>T.!SMBER 6, 1937 

Average we1gh't Total weight 
in in 

SJ.M'Oi•■ Number ouno•• pound• 

Peroh 4,827 0.47 ~-4 

Rook baa■ 1,2).) 0.70 53., 

Forage fiah 14.054 0.01 62., 

SUokv■ 78 11.,0 as.s 

Tottl-1 20,192 ••• 3LB.7 
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20,192 t1eh (1,262 per acre)•• collect.d.. 'l'h••• ti.ah weighed 

J4El .7 pound• (21.8 pound• per aore). The speoi•• ot t1•h found in 

the basin were, perch (Peroa tlaTe1oena), rook b&1e {Amblopllte• 

l'\lpeatna), red-bellied dace (ChroaOfllla •rythroga•ter), n.ne-■a&led 

daoe (Ptrill• uoga•}, Iowa darter (Poeo1Uoh1:!v• ex1l1■). mi 

minnow (Ulabra 11m1), golden shiner (Notend.gonua oeyaoleu•• auratua), 

ol&ok-noaed shiner (Notropia ,!!:. heterolepia), blunt-nosed minnow 

(Hzbor&'!ohue now.tu1), and the oommon sucker (C&toatomua, !:. 

oormeraonni.1) • 

On t he baais of tho random ■&mple which was taken to the labora

toey, the lake contained only 2.7 lege.l•sised g11m9 1'11h pe-r aore 

(2.h peroh, and 0.3 rook ba■■ ). The entire 16-aore badn contained 

42 legal•aiaed game fish, or leaa than two 11:mi t oatoh••• That a 

scaroi ty of legal•liaed fish wae oharaotert1tio of' the l.Ake waa 

verified by inteniftW with local lnhabltanu. 

\rter a sufficient tirae h~tl been allowed tor the derr1a root to 

lose ita potency, the ea.rid ooge were removed. The unhamed fish or 
the north t.aain were thus allowed to l'lOVe .fl"eely throUf~hout the 

entire lake. 

Further oolleoti on• ot rock ba■e were made in Standard I.Ake in 

Me.y, June, and October 1939. and July 1940, to obtain oon1parative 

n1Ltorial tor the determination of any o.hangee in growth rate that 

night have followed the reduotion in the numbers of this speoi••• 

Moat of' the 1939 and 19/~ aamplee ot 228 rook baas were taken 1n 

experittent&l gill neta (5 by 125 i'eet. with nve aeotiona ot different 

meah eizea, ft.rying from l 1/2 to 4 inohea, atretohed meaaure)a a fflW 

£1.ah were oaught by hook and line. At the time ot the poisoning a 

random MJ~ple ot 182 rook baes •·• Mved. 



Method of Calculating Lengtha 

Scale ampl•• were taken from all the fi ah oollected, and "key" 

aoa.lee (1oales from an exactly specified location on the body} were 

taken .t'rom moat of them. The age o!' eaoh fiah was determined by 

\ 2 / 
oounting the m1.'llber or annuli on the aoale. "v1 At a m.gnitiaation ot 

~ Th• validity of the annulu• on rook baas eoalea aa a true year 

mark wa.a pro'Nd by Hile (194'1) • 

. X 44-3 maaaurementa were nad.e of the aO&le image trom th• tooua 

outward along the middle or the moat nearly anterior inter-radial 

apace. 

The body-10&le relationship w.a determined tram mea■urementa ot 

the "key" scales to be deaoribed by a 1traight line w.i th an intero•P' 

on ·the ab,oiua at 15 millimeter■• The following tormula therefore 

waa uaed tor the oaloulation ot growth, 

L.r - lS La • lS + Sn _____ _ , 
s T 

where Ln • th.e length of the f1ah in millimeter■ at the nth y·ear ot 

life, 

Sn• the 1oale radiu1 within the nth annulus. 

L.r • the a'bandard length ot th• tiah in Dd.lliaetera at the t1• 

of oapture, 

ST• the total ••le me&aurenumt. 



Change in Growth Rate Following Poieoning 

By mean• ot the foJ'mUla r.:iven in the preoeding see-ti.on, the 

lengths or the males and r--.leis were olaoule. ted !'or eaoh year ot their 

11vea (Table 2). The average etandard length• of the ~ge group■ at 

oapt-.1re are givcm. 1n Table J. Since the only dit:f'erence in the growth 

of the ■exea 11•• in the more n.uid growth or the i.lea in tho latar 

years of life, tho following remr.rka apply to both aex••• 

The Tock baas of the 1939 a.nd 19li0 oollecttons were not&b~ 

larger at ·the time of oaptuNJ than were fish ot ~ oorre1ponding age 

and aes in the 1937 sample (1'able J). The ditterenoe aeeru to be 

attributable to an acoelerated growth following the reduction 1n the 

numbere of thia f'ish. !'ho data. are doubly ilnprea■ive when it i■ 

ooneidered that about two-third• of the 19.39 speoimens were t.aken in 

lay and June. when at t.ltl ■ latitude, aoeortling to recent inveetir,a• 

tiona (Beokman, MS), the growth of the fish h&e just begun, wher•• 

the entire 1937 sample was collected on September 6, when the aeasonal 

growth WAa al1nost oomploted. The ditferen.oe in size &ppe&ra to be 

relatively tho grM.teat for age-group I, but the data for thi ■ group 

are not belined 1;o be reliable tor the present comparison, ainoe 

the gill nets enrpla.ved f'or the oolleotton ot 1939 apeoimena nay haTe 

taken only the larger individuals or the ar,e group. Thie belief 11&8 

eupported by the oomparlson or the lengths ot the I•group fish with 

the length distribution of rook b&e■ frOJll 1 J/2-1nch neah r~ll neta 

given by Nile (194'). 
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TABLE 2. AVERA.Gt CALCTJLA'l'ED LmiGTH OF ROCK !3A.SS IH STANUARD L.\lrn 

A'l' E,~fn OF EACn Y)i.:AR OF LU'N. THF,SE GRAlW AV!!.i?.A01';8 AHE BAS !:.;)) Oil 

THC: ~1JOCESSIYE ADDITION OF 'l'HJ~ ~n.'IGHTED AVE'RJ\.(}E OROWT~I I HCREM1.:?lTS . 

Calculated lengtha in mllimeter1 at end ot 
Sex and •ch ,ear of lite 

yeu- or oaptur• r ~ 4 ~· g 

!A.ALES 

1937 ,32 ,2 70 19 ••• ••• 
(,7) (47) (3$) (22) 

193' 32 S4 76 98 124 11'6 
(TS) (75) (SS) (39) (19) (2) 

FE'~ 

19.37 .32 
(~) 

69 72 83 ••• 
(56) (J8) (21) (2) 

1939 JO S2 71 92 116 ••• 
(84) (84) (73) (Sb) (2.3) 



TABLE ). Sl :Ut 0}~ RUCK BASS I N S'i'ANi)ARI) LAK'i AT TI ME OF CAPTURE 

Anrage at.md•rd length in mill1m.eter1 at time or capture 
(Number of epocimena in parenthe•••> 

Hit.le■ F--.le1 

~• 1rou;e ~2.1I ~~2 '11~ 12JI 12l2 12!!!! 
~ S? 88 ••• S7 84 ••• 

(10) (16) ••• (8) (22) ••• 

II 73 89 91 10 as BS 
(12) (20) (11) (10) (11) (6) 

III 84 lOS ••• 80 89 • •• 
{13) (16) ••• (17) (19) • •• 

IV 88 108 up 8) 102 ••• 
(22) (20) (1) (19) (Jl) ••• 

V ••• 114 • •• 90 llS 126 
••• (17) • •• (2) (23) (1) 

••• 118 • •• ••• • •• llf 
••• (5) • •• ••• • •• (1 

~ All .fish of the 19.37 oolleotion were ta.ken on September 6. 

~ In 1939 the apeoimena were taken in Tday, June, llnd Ootober-,.4bout 

two-third■ in May a.nd June1 1n 1940 the specimen.a .-re taken 1D 

July. 

~ The 19.39 data tor age-group I are oonaidered unreliable due to 

ge&l" aeleot1Tlty. 



That the inorea.aed growth followed. the reduction in the den.tty 

of the population 1• denonatrated more olearly by an analyais or the 

growth inol"ementa tor eaoh year ot life by calendar yee.n ('l'ablea 4 

and S). A oam.pe.rison of growth in the same year ot Ute. regardl••• 

or age-group. show• a oloae agreenent in their oaloulated inorementa 

up to the tiJ!te of poisoning in 19)7. whor•• the increments for 1938 

and 19.39 are oon■iderably larr,er. The possible explana'tdon that the 

incr•sed inor81'1\ent -.as <lue to olanoe 1a negated by the oon■iatenq 

ot the tindinga, tor the oaloulated increment• tor tho five yeal"■ 

prior to the poisoning agreed Yery oloaely. Another ponible explal'I&• 

tion might be offered, that the original ■ample taken at the time 

of poisoning waa not repreaentati-,e, h&vi~ 0011tt from only one be.sin, 

where there may haTe been a diatinot pooulation w1 th dower g:rc:nrt.h 

than in the ba11in whioh was not poisoned. Thia expla.mtion e.lso ia 

negated by the taot that the growth• oaloulated trom th• 1939 and 

1940 colleotiona agreed very well with those made 1'J"Offl the 1937 ool

leotiona, and the inoreaaed growth wae JQllt.de only a:tter the po1son1:ng. 

That the greater growth in the oalendar yoara 1938 and 19J9 w.s due 

'to normal fluotuation in growth rates suoh &a thos~ tound by Hile 

(194♦) tor the rook b&a• and ra.abba and Hubba (1933) tor bluegill■ 

(t.pond.a Jlll.Ol"OOhil'Wt), pumpkinaffda (Leporyi• gibbons) and t he hybrid■ 

(Lepaaia •oroohirua x Le;pomi• f2:bboaua) is rendered very improbable 

by t he oonaiatenoy ot oocurrenoe or the 81'11lll increment• over & period 

of 5 years prior to the poisoning. It &'!.mee.r■ V&lid to aonolude, 

therefore~ that the reduction 1n the denai ty of the population waa 

the t&otor real)on■ible tor the improved growth. 



Computed 
tor 1MJ" 
or lite 

1 

2 

.3 

4 

s 
6 

TABLE 4• OR OO'T'! :CNCRls:-iENTS RY CALENDA."R YlWlS FOR 

MALE 110Ci< BASS OF STA1iDARD Ll\..1<H, iJ\JRING F.ACH Yf!J\.I 

Calculated growth 111 ml111•ten tor oalendir year 
Computed ~ For muaber ot "E•oimana aff 'table Jl 
tram age Betore si•oniit 

~J! 
After 201 ■oiiI~ 

fal"OU,2 ~ ~ .2l~ 3! l!J~ Im 
II ••• • •• JO • •• )2 36 ••• 

III ••• )2 ••• .34 • •• • •• ••• 
IV J) ••• JO ~)2) ••• ••• ••• 
V ••• 32 ••• ••• ••• • •• ••• 

VI Jl ••• ••• ••• ••• ••• • •• 
II ••• ••• ••• 22 • •• JS )8 

Ill ••• ••• 18 ••• 20 ••• • •• 
IV ••• 20 ••• 18 (lS) •• • ••• 
V ••• ••• 18 ••• • •• ••• •-• . 

VI ••• 21 ••• ••• • •• • •• ••• 
III ••• ••• • •• 16 ••• l,o ••• 
IV ••• ••• 18 ••• 14 (53) • •• 

V ••• ••• ••• ~ ••• ••• • •• 
VI ••• ••• 18 ••• • • • • •• • •• 
IV ••• ••• • •• 9 • •• 30 (29) 

V •• • ••• ••• ••• 12 • •• • •• 
VI ••• ••• ••• 10 • •• • •• • •• 
V ••• ••• • •• ••• • •• 28 • •• 

VI ••• ••• ••• ••• 2 ••• • •• 
VI ••• ••• ••• ••• • •• • •• 22 

~ Although oontoning with the other data, the figures in parenthe••• 

are based on too fff'R specimens to be of reliable sign1t1caru,e, and 

are not oon•idered in the diaouaaion in the text. 
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TABLE S• GROWTH INCRffilENTS JlY CAIJi;NDAR YBARS FOi 

Fl~!ALE ROCK BASS OJ<' STANDARD LAKE. U'IJRING FACH nu 

OF LIFl~, :BBFORE .tUtD APTEU ru;JJUt'TION IB NU1i.HE'HS BY POISOI 

&ioulated growth ln idillmefua tor oalendar year 
CGaputecl Com.pute4 iPor maber of apeoiraeu •" 'l'abl• ~i 
toryear troaag• Before m•oiiir' Anez-£! •• 
ot Ute 6l"Oll2 ~ 1m c: ~l=!m 11J2 llJ! 1 

I ••• ••• ••• ••• .34 . ..• JS ••• 
II ••• ••• ••• ,32 ••• )0 • •• • •• 

l III •• • ••• .)2 ••• .)2 ••• ••• • •• 
IV 

~ji) 32 ••• 30 ••• ••• • •• ••• 
V ••• JO (23) • •• ••• ••• • •• 

VI ••• ••• tl!l ••• ••• ••• • •• • •• 
Il ••• ••• ••• ••• 20 ••• .39 JS 

III ••• ••• ••• 18 • •• 19 • •• • •• 
2 IV ••• ••• 21 ••• 18 ••• • •• • •• 

V ••• (2$) ••• 17 (23) •• • • •• • •• 
VI ••• ••• ••• 1122 • •• ••• • •• • •• 

III ••• ••• ••• ••• 16 • •• 29 • •• 
3 IV ••• ••• ••• 18 ••• 16 • •• • •• 

V ••• ••• (16) • •• 17 (14) • •• • •• 
VI ••• ••• ••• ••• !lJ2 • •• • •• • •• 
IV ••• • •• ••• ••• 8 ••• 27 • •• 

4 V ••• ••• ••• (6) • •• 12 (41) • •• 
VI ••• ••• ••• ••• ••• ,~1 • •• • •• 

s V ••• • •• ••• • •• (6) ••• 24 (19) 
VI ••• ••• ••• ••• ••• • •• {JOl • •• 

6 VI ••• •• • ••• •• • ••• ••• • •• (24) 

~ Although contond.ng with the other data. the figure■ in pa.renth•••• 

are baaed on too fflW apeoil!Mn■ to be ot reliable a1gnif1oanoe and 

are not oonsidered in the diaouaaion in the~ 
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The inorea•• in growth rate that has been found to tollow a 

r~uot1.on 1n the n\i1abera or atu.nted f'lah 1a not only in agreement 

w1 th upeotation on M.ological grounds, but a.lao •Ue:G••ta a. method 

that •Y prove to be sound and e!'tective prooedure in t1ah lllUIAgtment. 

Too often in the put the prohl• or stunted tiah ha• been aggrafttecl 

by the proteot1on ot the ru.nta and nen by· further etoeldng. 

1. f.ttl.ndard Lake, Uiohi.E;an, ha• long had a reputation aa a poor 

f'l•hing lake. Underaised t11h were oTer-abundant but fiah of legal 

aiz• were extr8t1118ly •oaroe. 
' 

2. An l~erillteJlt to teat the oftect of reduoing the denait,y ot 

the population waa begun 1n 19.37 by poisoning the :t'"S.ah in one b&ain 

of the lue • 

.). From soale 1&mple1 taken in 1939 and 1940. 00U1.putat1ona 'ftre 

-.de ot the growth rate■ betore and atter the poi1oning. The gl'fJWth 

ot rook baa■ or all •g•• improved following the poisoning. 

4. Thf: reduction o.f the denlity of por,,ulation therefore ma.;-r be 

a aolution to the probl&ll of 1ntp1"0Ting fishing in lakes ONl"run with 

stunted tiah. 
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