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ROTENONE AS A TOX ICAi.x:iT FOR FTSlll~RIES MANAGE~lENT IN MICHI GAN 
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Fisheries Biologist 

Ru t enone (C2 3H2206 ), an aJ kaJo l<l, p -i u.:r< ! y ,·.c.• 0c1. a.S ,,t~ i .. u.se.,:·U c i d P, is •., l,i..: .... ned 
from th e roots of certain pl ants of the fami 1y Leguminosae. Gardeaers cor;·, r:·.;1nly 
us e rotenone t o c ontrol s:1c.h t h i ngs as hean he.e t les and cabbage. µ·,0 r.1ns .. s·itL ce 
prehist o ric times native inhabit:ants of the t ropics and subtropics ::. r o unJ ' 1 . i: 

world have used extracts ~ram· rotenone-containing plants to catch fish. D,•,Jend­
i ng upon the part of the wc: rld from which it comes, rotenone may b e known , , tuba, 
derris, cube or timbo. Much of th e commercia l supply i s ob t;:1in ed from PE~E.~. '.s 
elliptica, a plant found i r.. southern Asia. In southeastern Uni tea S t<.,tes . . :phrosia 
virginiana, devil's shoe st:-ing or goat's rue, contains rotenone and was u sed by the 
Indians as a fish poison. At the suggestion of Dr. Carl L. Hubbs, ichthyoJ o~ ist 
a t the Universit y of Michigan, rotenone was first used in fisheries manage~ .,->. nt . 
I n July 1934, Mr. Milton B. Trautman treate d two small ponds on the estate of 
Mr. W. O. Briggs near Binningham, Michigan. An aqueous suspension of powdere d 
cle rri s root (5% rotenone) Has used to remove excessive numbers of goldfisL 
(C a rassius auratus) and carp (Cyprinus carpio). Since then, rotenone has ~- .:en 
commonly used by fish mar.agers to remove diseased, slow-growing, or undesirable 
fish from lakes and streams. Commercial formulations containing rotenone synergists 
and emulsifiers were soon <leveloped for use in fisheries work. 

Fish subjected to rotenonc suffocate . Respiratory failure is caused by a constriction 
of the gill capillaries. Toxicity of rotenone to fish starts at O. 0025 mg/1 
(= ppm) but an average minimum lethal dose is about 0 . 05 mg/1. Fi. ,heries workers 
generally use a concentration of 0.5 mg/1 or greater of a 5% roteno,e fonnu l ation . 
Professor Justin W. LeonRrd, now of the University of Michigan fonnerly director 
o f r esearch for the Michigan Department of Natural Resources, in 19 '38 worke,l o u t 
the first minimum letha:i.. doses for some of the common fishes. He demonstr a ted 
that some fish, such as the goldfish (Carassius aurat.us) and the mudmfnnow (Umbra 
lind) are l e ss susceptible to rotenone than others. From Leonard's study, and 
o the r s that followed, it became apparent that the toxicity of rotenone decreas e d 
when exposed to light, heat, oxygen, alkalinity, and turbidity . 

Al th ough obviously extremely toxic to fish, rotenone is only slightly tox i c 1 c 
birds and moderat e ly tox i c to mammals and other invertebrates . In the low concen­
trations used in fisheries management, livestock may safely drink .. he treat ed 
wa t er (although it is not r ecommended) and such things as dogs and ~nakes , frogs 
a nd ducks, are not harmed . In toxicity tests for mallards, the le thal clos e fo r 
50% of the birds was 2 ,000 mg/kg body weight and for pheasants 1,414 mg/kg . The 
a cut e oral l e thal dos e for rats has bee n reported as 132 mg/kg, fo!" dogs 3 . 1)00 
mg /kg , and fo r man 2,850 mg/kg . At t his rate , a man weighing 150 po,:.nrls ~,· n•1 ld 
hav e to consume almost or.e··half pound o f ,.-otenone to have a l ethal .. 1.c :.,.e . 

Rot e none has b een used in municip al wate r s upplies without any adve rse ,,_ r : • . . L[.;. 

Probelms of odor and t ast e caused by de c 01,,pos:i.ng fish or the s olvGnt :irwd ,,d.th 
commerc ial rotenone pro duc ts are easily r emove d with act i vat E' d ca:r+1c,-.,. :'. .. 1011e 



, 
doe s no L µersis t in the environment. Treate d water will decox:i.fy wlL , . .1.u .~. !·c'W d ays 
to a month. Waters with !1igh alkal i ni ty (pH), high t empera tures, c111d ,:,o tdlc ,Lt :: 

light and air, detoxify rapidly. 

Long- tern1 exposure of rats to low conce n t rations of rotenone did no t r esult in any 
serious adverse results. A commercial rote none product containing 2.S i:'. eac h of 
rotenone and sulfoxide (a synergist) wa s fe d t o rats in drir.kir,g wa.u:, r a t ci level 
of 100 mg/1 for 70 weeks. Average weight o f the experimental anima~s wa s then less 
tha n the c ontrol group but there were no othe r symptoms. In addit iun , t he commercial 
produc t in water was exposed to sunlight and air until the test for rotenone was 
negau.,,t~ :, n:l the solution was no longer toxi c to fish . This formulation containing 
ru t eno ne "bre akdown" produc t s was t h e1: £2 d tc, ;:·a ts in drink i n g Wdte1: at: .'l ~- · ,:,1 of 
100 mg / 1 fo r m1e yea r. 1\gain , <l s l igt·. 1•• de . ~r,:-c,se i ,, we :Lgh t I•'d'- ,--, }, ce ,- ·v2 ,:', ::. , .. ltt~ 
experimen t al rats in comparison with the controls, but no gross or mi cros c cJ i c 
pa thology wa s de t ected. 

Humans may eat fish killed by rotenone without being harme d; however, inh ru ;: tion of 
r o t e none powder by people working with it has caused headaches, sore thr0e 1 and 
othe r cold symptoms. Cont ac t with the powde r may cause irri t ation Jf :cyt<~ , .. nd a 
s k i n rash. Liquid formu l ations reduce risks to safety and he alt h . 'L s,:~ . , va tt~rs 
muy be detoxified by using chemical oxidants such as permanganate o .::- chlo~-:i ne . 
Me t h yl ene b lue ha s been us e d to revive warmwater fish that have been poisor:.2cl 
by r o te none . 

Ln gene ral, the inverte·ordte animals are muc h less sensitive to rotenone than f i sh, 
wi. Lh the exception of the rrii c rocrustacea which are nearly as sensitiv e . l'}y to ­
pl ankton, t he microscopic plants in the water, are affected very littl.e by ~t e 
r otenone. At the concentr&.tions of rotenone used to kill fish, in almost all 
cases, the mi c roc rus tacea r:r zooplankton populations are severely reduced and will 
not be completely reestablished for several months. The effect of rotenone on the 
be nthic o rganisms is extremely variable . Whether these bottom-dweJ _;_ ing inve rt e·­
bra t e s a r e injured or not depends upon such things as the water tem~erature , 
,1 l k alini t y and turbidity, and the concentration of the toxicant. L1 some s i tu n.­
t io ns , af t e r treatment the more resistant s pecies of invertebrat e s be come more 
ab und ant than their origiaal populations, presumably because of decreased compec: ition. 
Re invasi on and increase ir.•. the numbers of the resistant specie s o f invertebrates 
ins ur e s an avai l able food supply for the fish which are subsequently stocked. 

The comme r cial rotenone formulation whi ch is used in fisheries managemen t i.n 
Mi c higan h as been approved by the United States and the State Depa rtments o f 
Agri culture . In 1962 the federal Insectic ide, Fungicide and Rode nti c ide Acl 
was ex t e nded to cover fish toxicants. To be registered by USDA thE appli c ~tion 
and cl aims must be substantiated by test data. In addition, the St.1te of M:L -·:h i gan 
De par tment of Public Health has acknowledged that rotenone, as us ed in f i sh ~~j2 s 
man agement, is no t a hazard to public health and may be used, with certain pr e­
cautions, in public water ~upplies. 

As t he agriculturist needs the plow to prepare the land f o r new crops, s o the 
f ishe ries manager needs rotenone to prepare lakes for new fish populations . 
Both need to manage some parts of the environment for the benefit of man . 
Rote none is an es s ential too l for the fishe ries manager. 
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