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Abstract 

During the period. 19;4 ... 1t2, 32 lakes in Michigan were treated 'Nith 

rotenone to l"emove or redu.ea unwanted fish populatione, and an attempt 

to r•eover the entire fish population was made on 18 of' them, The 

majority of these lakes were not su.pporting a desirable or normally­

growing t'isn population at the time they were treated,. They were mostly 

small, all leu than 22 e.eres, and included lakes whose watera,,ranged 

:f':r-om very sott to very hard, from aeid to alkaline., from shallow to very 

deep. 

In productivity, as measured by the standing crop of fish reoovered, 

these lakes rtmged from 10 to 194.5 pounds per acre. The le.kes averaged 

58.5 pounds ot fish per acre or which 18.2 pounds ware legal-sized game 

fish. 



fhe hard.water lakes were, in general, more productive than the 

For centuries, natives of tropical regions have employed drugs of 

vegetable origin to kill or stun fish. Of compare:ti vely recent oriii;in, 

however, is the discovery that rotenone and other similar components of 

derris and cube roots constitute valuable management tools £or the elimina­

tion of undesirable fish populations in inland waters. So far as can be 

determined bf the writer the first suoh appliea.tion of' these drugs was 

made by the li'Liehig,ru1 Conservation Departme11.t's Institute for F'isheries 

Resea.rt1h en July 17 and 23, 1934, when two am.all ponds on the estate of 

w. o. Briggs at Bir:mingham,_ Miehi6a11., were treated tor the rem.oval of a 

heavy carp :populaticm. Lacking any precedent tor determining eon<Htn• 

tr&.tions required., these pioneer work.er• used relatively weak ooncentra-

killed, but some survived the poisoning in both ponds. Later investi­

gations (Leonard, 1939, and others) have shown that a concentration pf 

at lea.st 0.5 p.p.m. of derris or cube ;root of' 5 percent rotenone content 

is required to insure a eomplete kill., and Brown and Ball (1942) have 

shown that this concentration is in.effective in waters below 48 degr'Bes 

Fahrenheit. 

Since the first experimental use of rotenone, 32 lakes in Michir;an 

have been treated to remove or reduce the fish population. 

It is the purpose ot this report to set :forth, in tabular form, the 

data that have been gathered during the period 1934 to 1942 on Michigan 

lakes treated with rotenone. Treatments of some of these lakes have been 

the subject of form.al reports (Esch:meyer, 1937, 193&, 1938b, 19380., l939J 



wcmard_. 19391 GreenM:nk,. 19411 BeckllUlJ.l."l• 194).f Brow:rt and fJall• 1943a. 

l943bJ Krumholz., 1944,). Others have been recorded only as reports to 

the Miohigan Department of Conservation, and still others are fir.st 

re~ordei here. 

Mo attempt has been made to break the material down into cl.eta.:Ued 

analyses of growth rates and size and age groups within the species eom­

position. That thes• waters are not. as a g?"Qup, typical of the inland 

lak~s of Michigan is avidenoed by the faet that most o:f them were treated 

with rotenone to elimhlate the population present so that a different and 

p~eaumably better one could be introduced. Four of the lakes were treated 

tor ether reasons t Walsh Lake was poisoned to elilnin.ate a popula.tion of 

f"ish which, although growing well, was so heavily parasitized as to be 

unappetising# Rowe Ls.ke' had a normally growing population but remoftl of 

the carp appeared desin..ble; Third Sister Lake and Deep Lake were treat$d 

as part of long-range exp~rimental prograrns. 

Of the 32 lakea aubjeeted to rot(ffl.one treatment, onl.118 lulve been 

recorded as having a complete kill and subseqmmt recovery of the entire 

population, In wuiy of the lakes treated it was not feasJ.ble to attempt 

oolleeticm. of' the dead fish due to the physiography of the la.ke shore and 

bottom. liami;.od in Table l are the lakes which have bee:n poisoned, to­

gether with their location, size, and total weight and number of each fish 

species recovered. Not included here are nine lakes on which no effort 

to recover fish was made, or at most only a partial recovery was atte:mpted. 

Table 2 contains a summary ot lakes in which a complete,. or nearly 

complete., kill was made. For these lakes tJ.,e area, depth., pH, methyl­

orange alkalinity, prea;ence or absence of thermocline. total weight, and 



Table l.-.Bl111'.tber and weight ot fish aoeordin, t• species recovered !tr0l!l'"luehiga:n .lakes treat~d. \di.h roten.one. Up-, 
per tigur• in speeies tolumn is n'Ul'Aber ot fish and lower :f'Jpre 1e weight in poundt of fish reoovered., 

'" i'ota.l Total ii 
.. 

Ar• Da:te ot pounds number Black !took Y&llff 
fisl't Nftllle ot lake Oounty ~acres) poisoning of fish ot fish base¢" baaa Bluegill' Pumpld.nseed.s perc.h 'l'rou~ Vin:nows Other 

v$outh Twin~ 0t,ego / 4.3 
/Ford Otsego 10.7 

;,,Cltta~ ,~,,,_,_. Alcona 11.; 

,ASooth -~~~ Otsego ,. , 16.0 

v1iowe 
_._,.A 

Craw.ford } 1,.4 

vWalsh¾,, -~ Washtenaw ✓ 10.2 

vPike Number 4 Oscoda "'. 4.6 
y6 1BrieJy Alcona. V 10.4 

JIP<>:nd Number 4 Otsego 1.6 

/Fitae~ Otsego 6.2 

vl.irport Marquette,/ 6.8 

. {Linnbeo~ Menominee' 5.1 

vS-nnzy Marquette ✓ ao.:; 

v1hird Si•t•r ,_,, iYaahtenaw / 10 • .0 

/DeBruin•s klamazoo V .a 
v1.\dn Marquette ,/ 21.5 

i/Sa&t Fish MontrnorencJ "'13♦5 

v"lforth Ba.sin Twin Oaooda 
, 

7.8 

""Kimes liWl'lber 3 Newaygo 6.8 

..-1:Iolland Luee ~h3 

.-Deep Oakland l.l.i..8 

nlurk♦ Clinton 1.8 

~ Largemouth and smallmouth•black bass 
~rook, brown, and rainbow trout 

9/20/34 

. 9/9/36 

8/26/37 

9/6/37 

9/7/;;7 

h/25/36 

e/6/39 

8/9/39 

a/15/39 

1/15/39 

8/20/40 

9/11/40 

9/11/40 

5/6/41 

5/27/41 

7/23/41 

6/25/41 

8/29/41 

9/5/41 
9/10/41 

9/12/41 

9/1A2 

ncomplete kill . 
-eights based on random sample 

••• • •• 
••• • •• 
521 41,703 

f.,197 25,147 

349 20,192 

509 23,528 

943 6,267 

204 13,J68 

282 31,643 

181 3.;:36 

119 5,716 

97 l,281 

146 22,521 

630 10,,588 

M>7 15.454 
21µ 9.755 

215 7,699 

405 7,69; 

539 9,224 

934 35,202 

435 ••• 
• • • 

563 27.:;29 

108 1,038 

~
Carp, gold.fish,. g.een sunfish, ehub sucker, bullhead 

v,Pick-up not complete-probably all legal-sized fish recovered 
':/;Fry and minnows 

•·•. 
• •• 
••• 
• • • 
••• 
••• 
••• 
••• 

1~59 
155 
484 
154 
371 
22 

2 
2 

173 
13 

l.47 
26 

••• . .. . 
29 

l 
241 
67 

470 
127 
••• 
•• • 
109 
70 

••• 
••• 
164 
43 

774 
129 
••• 
••• 
785 
lo6 
201 
17 

I 4,118 • •• • •• ••• ••• ••• ••• . ·•. • •• • • • 125 -• .. ••• • • • 
•·•. • •• ' ••• 4,836 ~ 36,640 ••• 
• •• ·-.. ••• 35J 1 161 ••• 
• •• 2,695 lO,lo6 •-•. •· .. 5,l.43 1.203 . •-• 56 452 ••• . ' . 24 1,863 

1,,233 4,827 l.4,054 78 • •• ••• 'I'+• 5, • •• •· .. 146 ••• 63 86 
•• • • •• 775 283 ••• l,116 50 
• • • .. ... 1r/ 14 ...... 6 313 
••• 3,271 300 UJ.£. ••• 837 1,231 
••• 579 30 21 ••• 1 152 
663 1;514 7,543 ,,131 146 ••• • •• 16 • • • ,o 65 ••• 9 62 

1.013 ••• 1,556 2,264 2 .. 26,399 407 
39 ••• 13 12 11 64 141 

688 ••• 4 2ill 5 1,984 271 
ha ••• 0 29 2 25 70 

632 ••• • •• 3911 li 4,487 40 
31 " .. • •• 28 l 16 12 
• •• ~-· • •• 1,2;2 49 ••• ••• 
• •• • •• . " . 92 5 ••• • •• 
24 ···• 1,342 ;,ooo ••• 1a,11a 200 
6 ••• I 1;; 34 ••• 64 te 

I a,156 l,272 ••• 319 . . .. ••• ••• 
4l 

I 

49i 28 • • • ••• • •• ••• 
• • • 4,0S7 610 ••• ••• a,443 1,874 
••• 537 29 -·•· . ••• 30 144 
••• • •• 4,200 •• • , ... 400 5,155 
• •• • •• 65 • • • ••• 3 17, 

6,6oo I 990 ••• • • • • •• ••• ••• 
••• ••• ••• 12:, • •• 22 ••• 
• •• • •• • •• ,.2;7 l6o 1,683 613 
••• • •• i • •• 253 15 30 108 

7,672. 281 --W85 122 ••• ••• • ••• 
••• hlt6 23 ••• • •• 6 21 
·• .. '1 .,04,0 

{ ,; / ••• 847 ••• 24,685 1,560 
••• 472 • •• 48 ••• 33 253 
••• • •• 2,.491 l 86 no eoun1 552 
••• • •• 78 0 6 147 2o4 
585 16.059 5.935 817 • • • ••• 3,144 
23 256 69 20 . •·. ••• 89 

••• :;54 73 2 . ... ••• 408 
39 I L. 0 h.s ••• ••• ••• 

Jwaber per aorl!t 
and 

nounds per acre 

• •• 
• •• 

3,564 
44 

2,225 
195 

1,262. 
22 

l,-755 
36 

i 614 I 
I 92 

2,904 
44 

3, 04:; 
e:r 

210 
u., 
921 
19 

188 
15 

4,.416 
29 

521 
31 

1,545 
87 

1,219 
301 
358 

10 
566 

I 30 
1.1a; 

69 
5,176 

1:;7 
no total 

82 
1,847 

38 
577 
6o 



---·---·--------------,.----------}).,,th of! 
H&:x:iffl~ffl ttl('tthyl t.h~rmo- Typtt 'total rtah Legt.l•&laed gaine 

Af'n d•pth onmge cline or fiah 
__ r_•.m~•...;;;.;ot~·.1.a~.·~k~-e;__-!-_,.;e~0~un~···~tLv __ ~1~a~a~r~e~s~'..i-:f~f~a~.e~t~)-J.-_.:;:.H~· ~--1--~a~l~~:· l~-~in~5~.t~-· ~1~f~~$~t~·~· _1-.......::,l&lo~k~~e~.J~l~umb=· ~er:...j,....;;.:;::.::.~~.o~un~·•~d~•~~~-um,.:;;,;·he.....;.r........,. ounda 

.Aloo:na. lO.J 

Mt,rqu.4rtt-e 6.7 

,., 
14.a 

9 

20 

61 

165 

125 

5l 

-.L.· _ll!l·· .. l·t::_·.· .. .., 
~~• ✓I 

19()~00 

66-76 

170 

10-108 

·.,.· _1.::. . ...: ·£:ii'·~·· . .. ~ 

trout 

'Bass 

Dass 

Base 

Basa 

i:rou.t 

t'rwt 

't'r®t 

·1 3,ew 
2.225 

1,262 

l,75S 

614 

2,904 

~.04; 

168 

4,416 

522 

, 1,545 

;,176 

••• 
1,841 

1,038 

;a.o 
92.ii 

20 .• , 

;1.0 

86.7 

:;o.o 

69.1 

82.,.0 

;a.o 

60.1 

85 

6 

; 

10 

167 

19 

6 

99 

20 

67 

170 

19 

.'6 

42 

2,4 

~Q 

;s 
104 

e.s 
0.7 

o.; 
7.0 

1e.9 

14.7 

5.1 

9.5 

5.2 

u.1 
69.6 

2,li. 

4,o 

9.9 

;;r.o 

~ 

21.a 

22.9 

~-~~-----~---·-·----·--------,,,,t---..i..----------....i..--~~----,.,--__,.- ~--------------------------
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number of fish recovered per a.ere, at'ld number !'¼nd wi!light of legal game 

type of lake found in M.1.eb.igan. with the exception ot the le.rge lake 

t:rout-e:is:co lakes. They vary in size :from less than 1 a.ere to 26 aereai 

in depth frmn 9 to 90 feet; the pH range is from acid to quite alkaline; 

the m.ethyl-,orange alkalinity range is wide, from. 5 to 240 p.p.:ro.,. J 

geographically they are spread from so1,1thern 1V!iehigan to the northern 

part of the Upper Peninsula. In productivity as mft&tll"eui by the standing 

crop of fish recovered they range from 10 to 194,.5 pounds per a.ere. 

The total number of fi&h and mmber per a.ere as recorded. in Tables l 

and 2 prob$.bly have little sir;n.ificance as it was not possible, in 1!UU1Y 

lakes, to recover the entire mirmow population. It is very possible that 

the total :numbers of fish but relatively little on the total weight .. 

is recor4e4 '.qave been arranged according to hardness of the water. Three 

divi,dons have been madet_ ~ ('below 50 p.p.m.. merthyl ,orange alkalinity)& 

and hard (above 150 p.p.m .. methyl-orange alkalinity). On this baiis there -
appears to be a direct correlation between low alkalinity and low fish 

production. The lakes listed as hard-water lakes he.ire an average poundage 

per a.ere than is higher than for either of the other groups. There is, 

however, considerable individual variation in productivity of the lakes 

in all categories. and other £actors that were not oonsici.ered in these 

studies may well influence the data. 



Area llethyl orange 
Name ot lake, county and. region (acres) alkalinity 

Soft-wa:ter lakes .... methyl orange alkalinity 50 

Airport. Marquette.,, I 

Swanay, MarquettEt, I 

Witch '.l'win,. Marquette., I 

Bolland, Luee, l 

ltQWe• Crawt11rd, II 

Third Sistv, WaL$htenn, III 

Deep, Oak1-.d.,, · 1n 

Walsh, Washtenaw, III 

6.8 5 -
20.4 l.!?•24 

21.5 5 

, . .; 18-23 

1,,4 ¼-51 

1.a 6(,,.,.76 

10.e 88-9() 

14-8 78-108 

10.7 12:{ 

16.0 125 

10.2 1;1.145 

'.l'ype or lake Pounds 
(fish.) per aere 

'.?rout J.4.5 

'h"ou.t 31.0 

:trout 10.0 

1'rout .. se.o 

!rt>U't 

Bass 

i'rout 

frout 4,4.1 

Bass 21.s 

Ba.as 92.4 



fh• region in m1ioh each lake h loct'l.ted ia recorded in the table 

to show its general geographical location. These regions are operational 

divisions of the Fish Di vision o-f the Cons$rvation Department and are 

located. as shown on the accompaayin.g map, Fit-ur• l. 

The lakes were divided into two categories. •trout" and n'bau.u 

on the basis of their ability to 1upport trout or only warm-water f'i$h. 

Third Sister Lake, here classified as a "baas" lake., is actu&lly a 

marginal trout lake. A comparison of productivity of the 18 lakes on 

this baais, shown in. Table 4, indicates that the "bass" lakes are con­

siderably more productive tr.an the "trout" lakes. 

Because of the long period covered by this report end the tact that. 

the data were collec:t'tEul and reoorded. by sever•l workers in a non-uniform 

manner, no de:f'inHi• comparisoxu, and eonclu.sicme ean be drawn., hut the 

data do show the very considerable differences in produeti~rity of fish. 

measured by the r•eevery of fish fellowing poisoning,, fead in the smaller 

lakes of the state, and that no one index of productivity •. 1u1 measured on 

these lakes., appears to point to the reason for ·the differences., 

To briefly swmaarize the de.tat The average size of the lakes ha'Ving 

a complete pick-up was 10.6 acres1 the lakes averaged 58.5 pounds of fiSh 

per acre of which 18.2 pounds were J.egal ... sized game fish. i'ha average 

total number of fish in the lakes is not believed to be a reliable figure 

due to difficulties of recovering small fish and minnows, but the average 

of 68 legal game fish per aere is probably a close approximation of the 

legal-size fish population. 

When considering the total fish produotion of these lakes it is well 

to note that the counts and weights were made on recovered fish and 

definite evidence is lacking -that would determine whether all,. or only part, 



Figure 1 •• -Map shcndng location ot lakes treated with rotenone, 

1934 .. 1942. 



!able 4.•~Comparison of tQtal paimds anti pounds of legal.sized 

ttsh peJ" acre in ttbaes-and trout ... typ@" le.k:es. 

!rout 

fotal·pounda of ti.ah 
p1!JX' a.ore 

.47-7 

Nun.tis o'l.legal-8bed 
fil!ih per a.ere 

13.2 

31.3 
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of the fi1h killed were J"eeovered. It is possible thllt some of the fiah 

'fflA;/ go to the bottom in deep water and never be reoevered. 

helve of the lakes list:ed as having a complete kill were trout 

lakes and six were WIU"ln--water iakes. F'ollowing remo"118.l of their undesirable 
the 

popul11tions.,i\12 lakes were planted with trout from state fish hatoheries 

and the use of' live minnows as bait prohibited. To date., six of these are 

known to have been repopulated with warm-water fish, three contain only 

trout, and the reeords are not complete for tr,rae. In.effective barrier 

dams on ou:tlets., incomplete poisoning or relea:se of unused bait m.ay ex­

plain !"$population. 

The faet that half ot the lakes that were to be managed for trout 

the other lakes undesire.bl~ speei~s have been introduced, points out that 

in the rehabilita:bion of lakes the job is only partly completed when the 

be 'ffllJ.de in the future to safeguard against the introduotion of unwanted 

species if the removal o:f :t'i$h is to be a worth whUe and eoonom.ieal 

undertaking. 
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