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Botenone was ttrat used in Michigan aa a fith poison in 1934. 

Since that tima, 73 lakes and pond• have been treated to eliminate 

undesired species. Various preparations that contain rotenone have been 

uae4.. Powdered derris and cu.be have 'been employed l'AO&t otten, but 

recently eaul.aUta.ble rotenone and liahtox have co• into the picture. 

With only one know exception, lakes treated with tbe powder prep- · 

a.ration• have loet their toxicity within one month after treatment. On 

the other hand, 10 of the 17 lakes that were treated with either Fishtox 

or elllUlsUiable rotenone have remained poisonous to t1ah tor longer than 

one monthJ l'ilhtox waa applied to aix ot these lake• and emulaitiable 

rotenone to tour ot them.. Duration of toxicity atter theae fishtox 

treat•nts haa ranged from. more than 8 months but leH than 13 months to 

more than 28 month■ but lesa than 36 months; one lake was poisonous after 

33 m.onth.11. Duration ot toxicity 1n the tour lakes in which em.ulaitiable 

rotenone waa ued ranged troa more than one 110nth but leas than 8 monthe 

to more than 9 months but lesa than 13. 

There va• pronomced reduction 1n numbers ot fiah-food orpnisru 

in five lakes treated with 11shtox and. in one lake treated with em.ulsiti-

~; able rotenone. More than double the quantity ot toxicaut that uau,1.lly 
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haa been employed. was used. in each of the" la••• It wu auapecte4 that 

, the ftthtox use4 iu these nter1 coata.1ne4 1ome poison, or possibly 

aynergiatic poieone, beside• rotenone. 

Aa a result ot these experiences, teats were nn ou tbe ettect ot 

variou rotenone preparation• on bottoa t1ah-toocl animals and 011 ti8h tor 

compa.r1aon ot effects. 

0rJ. a lalte that waa treated with the eaulaUtable product am Wllich 

re•lnecl toxic aore than 8 months, bottom aeaplea were collected before 

aacl after treatment. Bare the poison aipitlcaatl.y attectecl oal.7 eae 

iawrtebrate organia, the phantom midp Chaoboru •P•, awl thia autmal 

ab.ow'ei recovery in. nUllber• 13 aonthe after the lake had been treated. 

taboratory experi•nt• wre carried on in atuarta on aewral kinds 

ot in:ftrtebra.tea with em:ulaitiable rotenone, cube powder and a mixture 

ot cube ara4 a houaehol.4 detergent, fide. Bach rotenone-bearing prepara

tion wu u.cl at a concentration ot 1.0 p.p.m.. Die midge Tendipa @e.orus 

•• the only bottoa tnwrtebrate that was 1ertously attecte41 an4 there 

waa no apparent d1tterence in ettect of the three compouu48 on this Species. 

J,aboratory teat• vere nm on bluegill• with the Pm three Jt1Dds ot 

preparation that were u.e4 on in'ftrtebr&te antltals. Included 1n theae 

teata were two clitterent eoncentrattou ot the toxicauta (l.O P•P••• and 

0.5 »·•P•••h water ot two a.ttterent telll)flraturea, and.· water• tbat varied 

tn &llalinity an4 color. The elllllaittable pro4uct generally lt1Uecl tish 

aoour than 414 either cube powder or the colll>tnatiou ot cube and 2U.. 

leitber field. experiences nor the laboratory te1ta tmicateci that 

aott water re•1aa toxic lonpr than bard water upon treatment with. 

rotenon.e. Lakes Yi th outlet a have ata,ed poisonous tor shorter periods 

ot tille tb&n have landlocked lakes. 
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~tho11&b, tu·,,.1.tt&l con et emtl.eitta'ble rotu.one ••meu tu.tot 

~•.·4eJT1a al14.e6e1 1- sr-t.er .... et atxtag ad a»lyt:ag ·tJle 

. e....,.1tia'ble pro4v.ct -.i.aa.s Ws UffeftUft to •• tegree. · ~r
.~, •:tile .-.1.ttuie rotel\OIUII .to.ta ao• · ... · ttt1eomtort to ·the vor•a 

a, ilMJ pov4er,1. .,_... Qftea &o, e.a4. 1., u.»er•• more n.a.u-1, tlleftby 

.11,Tizta.better ·.~~ ot c-,1.ete k1U ot ttlh. 
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leari.y tventy years aaw elapNA siace pionHriq experiment• 

vere ca.rr1e4 cut la 111.chlpa oa tu ue ot rownou a.a a ti.ah 

pof.aon to eltlllaate w:a&e•1retl apeci.ea preaeat 1n lakee au. pond.a. 

Stace that tt• el'84tcat1on ot tiah pop\ll&tiou wit!l roteuone, 

followeA b7 :reatoe1d.aa, w becOIII a wt4e1Y ue4 pr~ve, 801.llan 

(1950), Smlth (l9'0), aa4. Xnlallolz (l,i.8) PW poltehe& e--.rtea 

of the extensive Uteratwe on thlt un ot pot1ou la tlabertea 

--.aent.. la H1ckipa an4 otller a'tates ,ov1ere1. 4en-1• root an4 

eue root were \Ifft uat.11 ff'ftnt.l nev tn-• .'4 rotenone pnpara.tiou 

1.Mte._ avail.able. the pNJl•ta aow •r•W ~t aa-.. -.n cou.oaly 

eaplo,e4 1ululle a wetole paste contain.lag 3 per cent rotanoae an4 

an etmlaifia)le 114,1114 vi th 5 per cnt rotetlOlle I ll&ll'dactve4 lly 

I.». hnlek ad C~; lev 'fork, an4 a preparation 1014 11114er 

tile trde .. of l'iahtoa 'b1 the S~ luPP1Y Dtatn.lnators ot 

Wenatchee, Vuld.oaton. leS:t.ller etmllUtal,le roteaone •• ftehtox 

reqldne tbe luor1ou aix1.Dg prior to applteatton tllat povtere4 

font ot rot.en.one :re11d.N. M.oreO¥er, tlaey appanntly 4ieperee more 

thoro\tlhlY ~t tlle water than 4o t1l.e povd.ere4 p:eeparattou. 

Ia Ht.chipn, hOWftr, certata 41fflcUltte1 ba'N 1'Mn enoOWJ.tere4 m 

ua1na tbeee tvo prc&sta. A allliber or lalma ueated vt1;1t ell'lllal

tialtle rotenone ani ftelat.oz baw re•1ne4 t.oxtc tor loq periol.a at 
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ot time (tor at least 33 aontha in one instance). Tbeae product• 

apparently have killed. appreciably more bottom tlah-tood organtHB 1n 

aeftral lake• than ordinarily occur• when powdered derris or cube i■ 

used. 

~ purpoae of this paper is to a-.rize observatioua on the 

biological ettecta ot nulaitiable rotenone and J'ieh.tox on M1chtgan 

lakes and to report the results ot recent laboratory and tteld teats 

on toxicity ot rotenone con;,ouuda to tin. and invertebrate antmala. 

Methods 

In general, methods employed in applying tlah poisons to the 

lakes mentioned in this paper were those that have been widely used. 

J.>owd.erei t'lerris waa adDd into a thick aqueous awspenalon, and some 

water -was alao uae4 wtth the em.ulaifiea. rotenone. 1iahto-x, which 

ca.a in. the tora ot a thick paste, vas likewise prniad. vi th water 

before application. Portable pm.pa operated tro11 ••11 boats were 

uaecl to distribute the euapenaion ot poltelered 4err1s or the diluted 

elll\1l81t1able and Jiahtox preparations over the lalce surface and 

into the depths. t1aually the products haw been. use4 at a concen

tration ot 0.55 p.p.11. Moat application• were made in the latter 

part ot August or early in September when water tem;perature1 are 

high enoup to •• the poison effective an.4 when the cleeper parts 

ot stratified lakes contain little or no oxygen and thus do not 

require treat•nt. However, coneentrationa were nearly always 

determined on the basis of the entire volume ot the lake. Most 

/ 
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treat•nta .. since 1946 haw been by the Lake an4 St.reaa l'mpl'Oft• 

•at lect10l'1 ot the Ptah J>inat.oa, .Mtcht.pa »epan•nt ot Couenation. 

Ill tte14 etwU.ea oa 'ti.le effect ot n.111 potacma on. bottoa 

1nwnewatea, a 6-iuh z 6-tnoh naan 4re4p -. ue4 fol' bottoa. 

aupl1q. Saaple• wen alewi *ovp a Ko. 30 wt.re •• screen, 

an4 were e1:tber •orteA 1n the fft•h at.ate or elae ,nu-e preaend. 

With 10 per cent f0l'll&l1n. :ta tbe.1a1loratory, oraant- ill 1reae""4 

coU.c:tlona wre Hpan.te4 troa ._. .. tr1tu., 14aatUt.e4, a.114 coatei. 

rs.o ue4 ia t.oxtcit:, tena were 'blue&llle (Jal?!f•.11Qr9!!!1zu) 

th.at awi-ap4 two ll\Cllu in leqth. Iueneb:rataa te•-4 ta tbe 

l,.\toratory V9l'el · b~t•• (J4bell'lla, J'AW:Off'l\111ta,. 1£ll!!al&), 

4Ntlelt11•• ( .... llap•), 1-chel (S!J01!Ml.la ,ete:ta), ..... l.al-fte 

{te!!fi;e• 4!CWl1ll) ,._ Claf.0Ce11l <!!H!!:! eea>. 'as ten tin. .. 

111ffrtem-a.te1, except _,..,. lanae ad !!e!fa, wen eoU.etd near 

tlle. pllbltc flelltq 1f.te at Vbttaore Laa, Vaallteaaw Coaty. -ae 

ll1d8e l&J'"fU caae tr• tlut &voa JU.•r Jwrt 'Nlov the .out~ or tl1e 

. .Au Arlaor Hveae 41spoaa1 Jlan'I. !!9!!!:ia !!I!!! vere frOll a c\ll.tve 

•t.ata1Dl4 'bf tu full Dtnat.on ot the bae• ot ZoclocJ, UD.lwnity 

of JUebtcan. 

Ia all t.u.tc1ty teats at leut tbree expertaea"l an1al8 ve:re 

ue4. feet• were cvrie& out 1A one-galloa pickle Jar•• ftah 

poteou wn te1te4 1a cOlllibhatloa vttll a 't'&rlet1 of l&Jr.e w.tera. 

!l1e waten uel., tlwtr •tll11-orance alkaltat.ty, color, aa4 p]I are 

&iftn ta Table II. 

11ah an4 lnftrtebre.-. were conl.1tione4 in tl:le teat water tor 

one llovr •tore each expertant. In aost ea1e1, 4upltcate ezperblaata 



were run at room. temperature (70•.75•r.) and in a water bath ot Ann 

Arbor elty water which varied 1n temperature between. 6o• and 66• y. 

Compound.a tested were eaulaifiable rotenone (Liquid Jloxtish; s. J. 

Penick •Co.) that containecl 5 per cent rotenone, powdered. cube root 

that also he.d. 5 per cent rotenone, and a mixture ot povdere4 eube 

root and the houaehold cJ.etergent Ttde. 

Rtatory ot ttlh eradication 

Since the start of the poisoning prograa in 1934, 73 lakes and. 

poucl8 have been treated by- the 118h DiY11Jion, Michigan Department 

of Conservation. S.arly all ot the applications have been 1Dt!LU to 

eliatna:te uade11l"'able popul.atiou of warm-water fish. After 4etoxi

t1cat1on 1101-t of these l.akes have been. plallted vtth trout. Several 

ot them. haw been treated two or more timea, either because warm, ... 

water fish were retntro4uecl atter the tntttal treataent, or because 

the kill was iDcomplete. Bnlaittable rotenone has been used in 7 

lakea and rtahtox we.a use-4 in ll lakes, 1nclu41ng oae lake in which the 

two preparations were applied. at different timea. In 56 lakes the powdered 

tor. ot either derri• or cube root has been used.. Incam;plete kills ot 

fi1h have been reported from use ot aU thrN po1toa,. Most instances ot 

incomplete kill.a ha.ff apparently been dm to inadequate cU.atr1but1on ot 

the poS.101'11. rtshtox uaecl in treating lakes 1n 19'l-9 ettecti'nly eradicated 

the population ot only one out ot six lakes 1n 'Which it vu used. The 

poison vaa believel to haw been belov standard in strength 1n tb.eae treat

a:nta. l'rumholz (1950); Sratth (1950), quoting Al.derd1ce, 1949, .A.nthoriy, 



1949, &DA 1111th, 1949, N,ort veai.n-t• t.n which ftlhtoa tau.a. w 

'be ettectiw. 

Alt.llovp pOVllere4 ierrt.a aDl cube root an tbe leut es,enalw 

ot tlle• pre,arat.iona, botk are 41.tttcult to alx an4 &pp]¥. b 

potftler an 'be p.reld.M4 vtth water laetore tt cea be ett.niwly 

app11.e4, ta eUltloD. of • ... u 1-.nttt7 of a.tequt. (e.a., 11.411) 

appear• to &W. ta atxbg tu powller. 'lt ta eoat. ot laltor ad 

-.mes.ea s.a tacl.'11114 t.o. con eatt•te• ot lake pot.eoaill&, tJae 

po•nt. ton ot roteaoae •1 pro• to 'be ta •et eqeulw. hrtber 

couU.:ratt.ou, 1ucll u ti. 4.tacoator, euomtent4 1,7 pb'&oimel 

:Lualug tbl ,~ roteuae 4:ut aa4 the ur. eomplate 4iaperae-

1111at of • ealaU1N proluct, .. tJlalt lat'ter ~ ••lrabla tor 

f11h va4tcat1oa. 

le~tioa of J.e.u• &flier ueatmnt 

Df.Mtpatt.on of rotenoiw la lake• after ~at\ln.t cmltae.rU.y f.1 

rapi4. flie pr&n1Ge la Nj.gtra _. Mell to •f.t 30 &lays after 

poltozdal •tore reatOQbc. ado.re pl.-ttaas are -.... tJae lake 

ua•Uy S.• t.•tN. 'ey pl&cSq f1D ia ooatat.Mrl ad ol,Nr"nq their 

1'11l"Ji•l• Allra1ta1t1, t-'ttit:y·, aa4 teiaperat_.. M'fl tlt.o11p.t to \le 

._. ot tu tecton 'tb.at tafl•noe tile rate ot 61'talflcat.1oa. 

Clalu aal llartill (1'53) t01IDI tllllt clear-at.er poau ot low 

aJJraUrdty (16 P•P•••) tnatd vltll nalaUla'Dle roteaoae loat tbair 

toxlcl't7 1D. tllrN to 11.x lap, vbenu 1a ci...,. :,onb of b1P 

allcaU.atty (6o-a6Jt. p.p.a.) t.toxltt.eatlcm took oae to ~ 4&19. 

hr'Di4 p01lk ot hip alk&ltaltJ took ODI to tvo 4a.ya l011811'• 
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Du•lpattou ot rotellOUe vu •lower 4.•itC the vtnter tlJaa tae •--r 

aoatu. M'Gott1cle an& Saith (1938) re,ortu that .lkCorat.ck Lake, a 

Jo-,a Scotten lake of 1ov a1Jml:lalt7 tna-,, VS.th pova.erei 4en1.e, 

~f.nM taie for ,aout oa 11011th. 

la U Mlcbtgaa lake•, trout haw tatl.ec1. to eurrt,e VbeD tested. 

or ,1anwa. one moatb. or ere after tna.tartnt wt.th wrt.ou f18h po1•on•• 

ftn:tox wae uet. 1n ti& of theM la»1, er&UlaU'iable l"Otenoue 1a tour• 

•d povtSere& a..riola root 1.n ou laD (lal>le X). rt.ve lalre• locatea 

Vf.tbia the Pf.pon &lwi- fl"Oll.t leaearell Area, OU.p aD4 ehebo1CN1 

comttee, haw reuiae4 tone to tro-.t 18 aon~ or :Loapr attar 

t.reai.nt wtth J'iptoa. '11e.ee lake• were potaone4 in le,teuer, 19,0. 

the ci:acutrattoa ot ftahta-. bs.,her (1.2 ... 1.7 p .. p .. a.) tlla1l u otae:r 

treat_.,. ••ae 'the ~ ldd.,-n ta 1949 appartu1tl.y ua beJ.ow 

ao.ral •t~, •• -t1oneA bet_... •• lalle• were toxic '1lb#ln 

tct•W ta. tu •Prill& ant tall rd 1951, ad _u tu tapriq of 1952 • 

,e.-t, _.. ta ..,_..r ot 19'2, howevw, UMUcate4 tut au ot tu 

J.ue• llacl ncowte4. AccQl"Aiqiy, 'brook tr~ (-1•1tl!• f91t,lml-ll•) 

wen plllatecl 1.a Gew'ber.. fll[icl nt.-u tr• tMee :,laatf.ql were 

ob\au.ed. froa tfeat Loat •• lo'llth Mu laMa, bu.t ao ttlth· were 

~J.'!d. troa thta pleattna ta Lon ..._ lorill '1fta l.Aea, u4 oal.1' 

one tnut ... cavpt troa Jlnlocll Lau. !he fatlvn or t.aaH plbttaca 

1u Lo9t an4 BOl"ta IV1a 1&••• after teata _.. 1a 8Qte11Mr ot 19'1 

bat. uAteate& lH8 ot 1-oXtctty 111 •wtace ntere_, ._..,. tut toxic 

••1tanee1 wre a'beea't ta the u,,-r ater 1,at wre 1naei..t tn the 

Jlypolblaion or f.n tJle proha4&111111, an4 wre 41Qerld. ~ovpout 



Lake and County Area ln 
acre, 

Bill top, Gogebic 22.0 

Perch, Marquette 23. 7 

Dutch Fred, Schoolcraf't 27.5 

O'Brien, Alcona 10.3 

WUeon, Marquette 26.7 

Hemlock, Cbeboypn 5.9 

Lost, Otsego 3.5 

West Loet, Oteeso 3. 7 

South '!"Vin, Otsego 3.9 

Rortb Twin, oteego 4. 7 

Section It., Otsego 2.6 

Holland, Luce 5.2 

Tank, Luce 36.0 

Irvto, AJ.aer 10.0 

Blair Pood, Marquette 13. 7 

Portage Creek Pond, Jackson 12.6 

Roland, Baraga i.0.5 

.., ~- 11· 

Weber, Cheboygan & 31.0 

• Jlot deterained. 

, 

TAB!E I 

StMIARY OF PHYSICAL AND CHEMICAL DATA AND DURATION OF TOXICffi 

Ift SCME !AKES TREATED BY THE MICHIGAB DEPARTMENT OF COIISERVATIOII 

WITH FISHTOX AND EMUISIFIABLE ROTENOllE 

Maximum Depth of Connected Methyl Date Rotenooe product 
depth thermoc:11ne streau orange treated used, p.p.m. 

in feet in feet alkalinity 
p.p.m. 

54 18-27 None 4-6 Aug. 8, 1949 Fishtox 

23 16-19 None 2-3 Aug. 9, 1949 Fiahtox 

Aug. 12, 1949 Fiahtox 
45 20-27 None 35 Oct. 24, 1949 DerriB and Ftebtox 

Aug. 15, 1949 Flsbtox 
30 12-21 Outlet 162-172 Aug. 14, 1950 Flahtox 

Inlet Aug. 10, 1949 Fiehtox 
22 12-21 Outlet 52-54 Aug., 1950 Flshtox 

64 15-26 Rone 160-198 Sept. 25, 1950 Flshtox 

55 15-23 None 144-193 Sept. 25, 1950 Flshtox 

44 15-23 None 133-146 Sept. 25, 1950 Flshtox 

34 15-26 None 106-110 Sept. 25, 1950 Flshtox 

44 20-26 Nooe 43.50 Sept. 25, 1950 Flshtox 

72 15-23 None 149-198 Sel)t, 25, 1950 Emul. rotenone 

. 

Aug. 13, 1949 Flsbtox 
22 15-20 None 18-23 Oct. 24, 1949 Emul. rotenone 

51 16-27 Intermittent 3.6 Aug. 10, 1950 Emul. rotenone 
outlet 

38 15-25 None 5-10 Sept, 12, 1951 E111ul. rotenone 

Not Inlet 
7 present Outlet 45-46 Sept., 1951 Em.ul. rotenone 

Not Inlets (4} 
8 present Outlet 192-195 March 31, 1950 Eaul. rotenone 

22 10-15 Outlet 11 Sept. 2, 1953 Emu.l. rotenone 

_, 

41 20-32 None 3-10 Aug. 19, 1948 Povdered derrh 

& Weber Lake ts included because ot the slov detoxtttcation atter treatment vttb powdered derris. 

+ Inca-pl.ete kill. 

Obaerftd duration of 
toxicity lo .:mt.ha 

More than Lesa than 

0.55 . 2 

0.55 . 1-1/2 

0.55 + 
0.55 . 1/3 

0.55 + 
0.55 . 3 

0.55 + 
0.55 8 13 

1.5 19 24 

1.2 33 . 
1.2 19 24 

1.2 19 24 

1.2 28 36 

1.7 9 13 

0.55 + 
0.55 l 8 

0.5 l 9 

0.55 8 13 

o. 75 . 9 

0.35 . 2/3 

0.5 . 2 

0.55 2 ll 
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the lake at the time ot the tall overturn. Water S&llple■ collected 

troa the hypolimn1on ot Lo■t Lake ia August, 1953 (33 aontb.a after 

treatment) killed bl a gill• w1 thin two hours. !ht• water had been 

aeratecl vtth a standard aquaria aerator for 24 hour• before the test. 

At the t1rae ot the experi.M:o:t, the disaolffd oxygen concentration was 

8.3 P•P••· lluegUla wre teate4 eim.11.arl.y with water b'oa Borth 

~ Lake and auniwd tor the duration at the test (tour clays). 

'!ht■ rspecie1 also lived through a 96•hour teat made after the bottom. 

water .had 'been circulatei tor 24 hour• over a aample ot the protundal 

mud. ot tbe lake. The result ot t.he lat tor experiment augeata that 

the tone property of the water was removed. by aom.e type ot eheaical 

exchange that took place at the surface of the aerated mud. A 

1,ualitattve chemical teet tor rotenoue ma4e on the bottom water of 

Lost Lake, uains the procedure oatl1ne4 by Sail.a (MB.), was negative. 

lli■tological •xeaiaat1on ot the &111 t1l.a1111tnta ot a tilh that b.a4. 

died. 1n this water (aaclAt by Dr. L. JI. Alliaon, :rtah Pathologist, 

Michigan J)epartmeut ot Conservation) ■hawed no sip ot tu type ot 

damage to the g1U ep1thel1a that ie charaeteriatic of fish k1lle4 

with :roten.one (Dqueel, 1933). !ht• t1n41ug wae hr'tller ev14ence 

that the toxic chemical waa a eubatance q_utte diftere~t troa 

rote~ in phyaioloctcal action. 

or aeven lakaa that b.&ve 'been treated with eauleittable roteaone, 

at laaat tolll" haw re•lned. toxic one mouth or longer. Section 4 1.,au, 

OtNgo County, wae toxic tor at least n1u aonth.a after treatment. 

Irvin Lake, Alger County, retaiaed its toxicity tor at least eight 

month.a. !he other two J.akea were toxic in the tall tor about one 
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aonth after tnataent bu wre aid.table tor fisll. thJ tollowiq 

&-priq. One 1a.ke (Weber Lalra, ftebo,pa C01111t;7) ta Vlli.cJl poWteff4 

uni• vu ue4, appanatly rualae4 »o1ionou t~ at lnst tvo 

aontu. 1, •• plaateA vtta VOllt approsillatel,7 two 110aths after 

vea-.at, 8.Dll at tut tille there vu no taltcattoa that t1te water 

vaa trttll. toctc. AltCJUt a IIOlltll latei-, hotRner1 lArp a-.1'11 ot 

u.a 'tro\\t anearet on tu aore1. •••c-at anibp 1.lllllcate& 

tut an ot ••• plaatt.ac 11.a ua. 111 tilts lalrle, aa 1a Lon aaA 

Bonll Ma loee Wlllre ·t.· tna._.t •• vitll ftB~ox, aortallt,

a,,.,nntly 41.4 •ot oocv 1-4!.atel.7 after litoc~ ht. _,. b.ue 

occ.,..._ concU..atally vtth water Wbft•at 4wtnc i.· tall overtva. 

Laboratory teat• ota toatctt;y of roteaone ~• to tiah 

La1Jw&tol7 cOllfUt•oa• ot tile 1alth ot •• ltl•aUla •'Vri.'"4 

k eaalllft&ltle rneaoae, eae root, aa4 cnt,e-~ •ixti_.. 1114lcate4 

that ta eoacfttntlou ot 0.5 •• l.O p.p.a. ...iet.ttole roteacm.e 

kllle tta aoonar ti.a ei\lwr ot tile pow4eN4 JJNpar&tt.oaa (Mle n). 

ltaf.J.•r con.clulou nellltecl. r.r• ftel4 '8na o, ~rel .. nt.a aml 

e111119Ula\le roteaoae .a. ta nort.4a lq J. •· De11t1• (ctw by 

aoi.a, 19'1). All laltoratwy- teata _.. VS.tit. i....- coecentratloaa 

ct roteaoae (0.1 p.i,.a.) p.w ldp.17 't'Vt.ole ~1111'\eJ •oaa tla 

a\ll"fiftel tbe 4vatton. of tile ex,er1Mata (96 llo'tln) 111 au~ 
pre,uattona, vlltle otaaer• f.f.e& wttltia -.S hova. Sw llt.p Y&rla• 

ltllity ..,.•t• tll&t •• the fdata\111 let.Ital eoaceatn\loa of pol•• 

t.• appr..Wi aurrlftl \fa ls atroagly 1atlwannt. \1 lnltTt.&-.1 

l.tttereacea. A eCll()ai1.aOD ot leaatk ot 1VT1ftl . la ta t.11.rN lake 



TABLE II 
I 

TIME IN HOURS AND MnruTES SURVIVED BY BLUEGILLS, LEPOMIS MACRCX:Rmus, IN 

VARIOUS ROTENONE PREPARATIONS 

Methyl-orange Color, pH range Mean Control Emulsifiable rotenone Cube root Cub.: root and Tide 
Water source alkal1n1 ty, p.p.m. temp., 

p.p.m. •F. l.O p.p.m. 0.5 p.p.m. l.O p.p.m. 0.5 p.p.m. l.O p.p.m. 0.5 p.p.m. 

Whitmore Lake 108 less than 10 8.0-8.2 74 72:00 * 0:30 0:40 1:10 l:45 1:30 1:15 
Washtenaw County 64 72:00 * 0:50 l:10 l:35 2:10 1:35 3:10 0 

Spruce Lake 154 107 ... 75 96:00 0:20 0:25 0:35 l:40 0:55 l:30 
Washtenaw County 65 96:00 0:30 0:30 1:15 2:50 Not tested Not tested 

Weber Lake 4 less than 10 5.9-6.1 75 96:00 Not tested l:00 Not tested l:00 Not tested 3:30 
Cheboygan County 65 96:00 Not tested 2:45 Not tested 3:30 Not tested 3:30 

* Test terminated after 72 hours. 
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water• te•ted (fable II) auapata th&t t18h auryiftd longer 1n water 

of lov alkaU.atty· (Weber Laa) than in water ot high alkalinity. 

the" aata, holAmtr, tail to tn41cate any relatlouhlp betwea water 

color ad aurrtY&l ot tie. 

laapla■ of 1fhitaore Lua water containing 1.0 P•P••• ot ealai• 

ttable roteuoae, cube root, &114 cube.ftie aixture wen stored 1• the 

laboratory tor 30 a.aye &134 were tun teated With 1'lua&illa a, 1a the 

aperU1nt1 jut ci"-4· •oae ot theH saaplaa w.a toxic after storap, 

-Uilte&ttng tbat all thrW prep.ratS.oa•--•coapose npUJ.y at rooa - -

.\ 

toxicity of rotenone compoaAII to s.nwrtebratea 1a la•• 
JJ.,.ro'U flelA atl:141,ea (lat.th, 1911-lJ Brown 11114 kll, 1,a.3J 

JtooJer, 1951) ad laboratory te1t1 (J.eo:aar41 lf39J Bu.Utoa, lS-1) 

:taave ._.. _.. or,. the etteet ot pov4ere4 clettl• u,on pl.a111non ua4 

'bottoa fauna Snftrtebratea. Moat of 'tlleH nwlies have 1.mlieatecl 

tla&t povt,erea, roteaoae com,otm4• 1n the raap of coru:entrat1oa 

OJNl.iaal'U.y uect. u t18h era41cat1on (le•• thaa 1.0 P•P•••) aertouely 

attect only ti. pl.aaktonS.c crutacea. lepopulatlon by crutaceaua 

or41.Mrily 11 raps.a., ad t~ appearance of l!Jl!!ia foll.owtDc poi1on.-

1Dg bal beu. l1184 u a alp tbat tlle lake ta ■'US.table tor reatocktng 

(lnplaill, 1954). 

b aoat Mrioua n4uc:t1ou t.n. n\lllber1 of 'bottca iaftrte'bratea 

NpOrte4 tor JU.chlp.u. water• 4ue to the ue of tilh poiaou oc:cvre4 

ta •ix laa1 ot the 11.poa ltwr !rout Jeaearch Area treate4 with 

ftah'tox and eaulaitiable rotellone in leptellHr ot 1950 (kble III). 



TABLE III 

AVERAGE NUMBER OF BOTTOM FAUNA ORGANISMS PER SQUARE FOOT IN IAKES 

OF THE PIGEON RIVER TROUT RESEARCH AREA, BEFORE (1950) AND AFTER 

(1951) TREATMENT WITH FISH POISONS 

{Data furnished by Dr. H. A. Tanner, Colorado Cooperative Wildlife 

Research Unit, Fort Collins, Colorado) 

Number of organisms 
Lake Treatment per square foot 

June 1950 June 1951 

South Twin Fishtox 153.7 6.8 

Section 4 Emuls if iab le rotenone 106.9 2.8 

Lost Fishtox 38.6 10.2 

West Lost Fishtox 34.3 2.2 

Hemlock Fishtox 20.0 5.5 

North Twin Fishtox 22.4 1.2 
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!flamler (1952) at;.Uecl the tntl.•aee of tert11tzer -.,ou the protwrttoa 

ot 'bottoa aatale 1n 1948 aa4 195()1 ad also toUowt cbaapa ta the 

t>ottoa ta .. tol.l.ow1.q po1soatng ta 19'(>. TM 4&ta tvppl1e4 by 

ftl.mer (ftltle m) aov that a «rasttc n4:ucttea at ltottca tama 

orpatau tiook plan 'betwh 19'0.., 1'51. Stue 'thla re&wttou 

occune& ia the -,.rtiltzet. 1.aba (lol'tl\ am ao--. 'fWla.) u well as 

tu tb.e terttll..,, lake• (Loat, We•t Lost, Bellloclt, UII Seettoa 4)1 

tlwre ta no eTUeace \bat the oltael!"ftN\ ehaap• ie,aw troll 4tHoa

t11t1d.q fert1Uaatloa. t'amltfr ~ (,ereoaal COIIIIWlllteatt.on) tut 

4eCW\ICttoa ot poplllatlou of cny11-., ... , •7flte•, ctnao,ans.e,, 
al14 .uae• •• •oar•le\a ta. the tiff lakes treateA vf.t!I .-10:tcx. 

;n.7ttlh; ana.., aut u...,_,lt,ea 1wrn..a. u ta lab (S.ctioo. Ii.) 

"'"'W vS.'blt. emalaUU.'ble rotctaOM, altll_. *11' 01111Nr• wen 

.-1r11 n&UNA. swm .,.. ~,. or 'boitOll-4wUt»a tuerte·• 

lira-. appear• to w att• 1a l'ffOl'b oa la1l8 :,of.~. 

leeawse the p:recettaa upet"te._.. t.altate4 ·'ibat Melt coaootra ... 

\tone of ealaf.ttable rate.,_ aal Juhto• cm44 1:Mlt r&ther te~l-.e 

to 1'o\'toa taftriel>11L'ie•, twtur atUIU.e• •••& ••U'llble to &eterlatDe 

._.. .. 1.0'ftl" coaeenlntiou ot eals1ftalle roteaoae wo-34 also 

teplne :,oplll,atto.u ot the• aal•le. c--..'11Hrt11' a ftel4 laff11t

ptloo vae _.. oa ?rvta r..ue, If. 4JI. 11., a. 19 w., lff. 12, AJ.aer 

eoety. 

tills lake •• a •vface ana at 10 acrea. It he.a a .., .. 

&eptla of 36 feet, an4 & --~ of 1i. t .. t. • ,-t®'i .. ptll 

eoatov ts clote to ti. ltou, lhoreU.. a. l>ot'kll aoU •ar ,ure, 
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N4 esten41ag Ol1t to iepths '4 troa 5 t.o 10 teet, a a tevlt.u 

aistve cCIIIK)N4 chletly of VOQQ plaat tf.bere. the aotl la .,_per 

placea 1• aa ooze t.Jlat ts t1t01111011ly cla1Ni • p1&1py peat. 

ti. wat.-r of '\lite 1aktt _. aoatt•• ·1aeen col.on& a faisl'b 'brava, 

wlt.Ue at ot-ller tu.a 1t 11.u appe&nt. eol.ol-le••• MetlQ-1 waaae 
alkal1Dtty 'fill•• n:qe boa 5 to lO P•P•••, aa4 \1ul pll la eou ,.2. 

DuaoJ:n& ozn.en bu 'Net1. tOUII& •ll Aova. lato 'ille eo14-water etrata 

1:a •-r, ao the lalle t.a con•U.rd •US.table tor vowt. 

'Die laa auppon,1 ft:,Y tev plaata otber tball a -•• tut ll"OWB 

ta tatr •-ma4eace oa t1le llott•• !Ida aua u.a t,een tlefltU'td. aa 

DJ!!!!Jp -,. ~1 Dr. a. t. JarlinatOft, frote•aor hart.ta, Mich.tpa 

State Collep. 

Altlaoup .l>rook uon lad· Ne1l atoclrlt4 lien tu ap:ru, prece4f.q 

tile tnatan:t YI.th :te1'erioae1 • pllov :percll (Pena tla•Meu) •• 

,._ ~ apeof.e• ol fta ~ tM potsoatna rneale&. • preoe&iJII 

~r tl&ree - wbo ftaet tor wo !law• on lnia Laa caupt 200 

,em ti/bat nnatA ft-Oil 5 t.o 12 1a.cmea in lngth. A 11,-toot ctll 

-,. .. , Oftr' •tallt (s.,te .. r u-12, 19'1) ,oot 18 perch tlaat naaef. 

tr. 7.6 to 9.s t.11CMa. b.a•lnat1on ot eoalu trc:111 tb.eae tie lhow84 

-., titey ._ fP'OVll at ta awJ!"&8t ntit tor IUchtpa w.ter• • 

.Jut bai'on 'i:reatant with potaoa, a aeries ot 34 ltottoa aaaple• 

wae olrtatnet. wttl\ a.a Staaa &reqe oa au trauecU tat were 

eata'b110il4 OD. .,._ ta:•. 7.'be tranteota were laU au •o •• to 

t.tatrl'tt'flte ._11.,. efton rather •UONJ.y. Tllll la• vu mate4 

vi'\11 a o.,, P•·P••• countration of ealsttf.al>la rotenoae oa Septe111Mr 



1, 

12, l,Sl vt&ea the Slildaoe· w.ter telrfel'IRIIN fta 66• 1. two-. 

app11e4 '1» poiSOll ta thJ'ff Aotlff ti•• 

'felloV ,vcll ~ 1u 411'\nu ~1¥ after tnat•at llepa. 

Despite J"Yiou 1n41cat1ou or • •tuole popvlattoa, nlattvel7 tew 

4eai peNll ~· oa "1Mlt··•\U"t&ee at a.a,· tt• tollovt.111 tlle po1aoaJ.aa. 

Pre__.l.J tu peat •Jorf.ty of tlle. tlah eettW \o tlle. ltottoa aal 

iaenr noatd to the avtue. '!Ile aU1 •• pl'ffto•J.J . ..., vu i'eN't 

ta tta toner loct.tlca lnn talW to ••'- aaythua t.a fif llolln1 H 

the .kill •• ua-,. w Uff 'been. ·complete. 

JNr'lq ~r 14-16 aml on O.tokr 17j 19'11 '1>ott011 ...,le• 
wen •ta collAtetel at '1le locattou j~J.r eata\tllad. On 

Oc'iONr 17 t.lle toaletty ot tile water we teatet lt;r t-r•11'1 vook 
. . 

... la atuow ,-111u.en ta·• la1Ce, oae 1ot· ot tuee n.a. ~wt 

i.e ... 'tk '11.e ..,._. ~ aore· ad aaotller lot ot ·'ilu'ee ft&lt . .,. 
' . '' 

...,_ water. After ..,._ bo111'8 all t.a tJ-ou naept oae la t1W! coa-

•t.r ••i- llloft Wff .._, •• tld• oae -. aeui,- ._.. All tml 

ffA. W .-.. llatrua after ·one llov. Dea4. plwlatoa tdAae (~) 

~ lts4 -. .... • tile • ...,.,_ ta eouf.M1'Ala aUllle1'tl ta er a 

atter· ,ot.lOfttaa. On Oetolter 17 ••.-e a>.eo wN __,. or than l8"M 

ti.I MA.,,.._. up to ti. ._.ltu. 

the tovth •rt•• ot l>ottoa ...,i.. va1 etoJ.1-eW troa Iwta 

Lake oa lCaJ 14, 1952, •• a te•t tw ~lctty vu npeatet.. Poar 

nluov tr~ (klllo • ..,._~t) wen aupe...._ t.a a atu.ov ,all 

11.aer at 18 feet (wt\Jl nfticieat -,Pll U8 .... ) 'lfheN tile laD W8 

23 ren «-PJ notlWr coirtataer J'loll.t-a tow ntnbw tro111. vaa pl.ace4 

allou\ one too, llel.O'W' tM evtue at ta at&onltae. A\ the ..._ r# 11 
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ho1&ra all the flu. near ah.ore ve:re 1\111 albe, as wre thoee at 18 

feet after 16 houra. Attar 46 hOva three ot the row vout ta the 

alioreline eoatatn.er were- led ani all wre 4ea4 after 41 hour• tn 

th.e eon.tai.aer aet at 18 teet. A control lot ot 'n"out t'.bat he.4 'been 

place4 1a nearby Imliaa liwi- &urrlfft throvpout tlae 4uratS.oa of 

the ten. 

Tlra 1.ut pov, of 34 bottom aaaples vu talDta 4\ll'ins Octolter 29 

and. 30., 1959. !be lake M& bHn plaate4 vttll 8,0 'brook trov.t (tlaat 

avena- 6.8 lnchea 111 lea&'th) on Onober 7 after te1t fish tnvo ... 

4uce4 by b.8:bcaeey per•on:ael ha4 s'tll.'Tlft4. .lulotller te1t vu u4e 4vtna 

the ti• d the 'bottOII __,lil'C, oa October 29 ad. 3(). Brook trout 

were pl&ee4 1a the allallovs anl &lao tn a Aeeper pvt ot tu lake. 

· All ot the fin. (tour 1n each coatat.aer) wre alt.ff after 28-1/2 

hot11'81 at wlch ,1- t1le teat-. tend.llate4. 

As tor '- effect ot t.lle roteaoae tnatweat OJt bo,toa orpat. ... 

1a Inrl.D Lake, tbere vu ao Wicatton. ot e01q,l.ete 4enrw:tloa of 

au;y ot the ftri.oa po,aps that appeare4 ta "1le • ..,ie,. Some 1tillU 

appeard ao spordt.cau, la 4reqe aaula tla&t 1.t vu 4Utlc\llt to 

letentn.e vlletlaer tJaetr •••• in a partinlu Ht ot ...,i.a 

1114lcate4 ,at tlle7 vere not pnaent at the tt• of aaapUq, or 

Wff8 •rely at.aid ta 8&11P11.al (~le IY). Only tar,,r govpa ot 

ant•J.e were prenut ia autttclent n\1111l>era to eaa"ble stattattee.l 

anal.yld.1 ot eaap11q -,vtatioa (!able V). All ot tbeae were Mt•tte 

Diptera. Com-14ence 11111.ta at the 95 per cent leftl wttN ca.lclllate4 

tor tbe •• 111111Nr ot eac!l of 1.beae aro• preae11t·Aurtnc the 

T&rioua collsctlng periol.8. WIien tlle amber ot orpat. ... collectef. 
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wae l,arp (at lee.at 25), the irllalmlnt akevne .. of the clirtrt'buttoa in 

tbe a.,_r ot orpai._ per Nltple •• 4tuep.l'f.ei. • • amw.l · 

approxlaattoa waa ue4 to calcnalate coaft4ellC8 Utd.ta. 10lea the 

total a_..r ot orpat ... vu --.li (i.e., leas '1lan 25), coatUeue 

Uai"- tor tu Po1eaoa it.avtltdf.• w:re Ud. !be vi4e sozaftteace 

llld.t.■ obtal'Dll4 clauly lhov tJae Jd.p lVt.abU:tty olttaiDI& 1a 

...,u.111 (fable Y). Stace llalta onrlap broaAly tor le!!MJ!• tut•,. 

l!m!t!.!! aw:1lliCl:o, ..... --r• ot tu Pelo,11.llM,. tJle 4tlteftaee1 

'beftNll Mana oa -.rlou colleettq &ate• are aot atpUtoaat. Oa1y 

tor the pb.antoa _.,. (Cbao'bOl"'U. ep.) ta there el.ear fftA.eace ot 

populatioa c:Jaan,p• betwea uaplS.a, late•. Jet.ea Septeliber 14-16 

aDl OottlMr 17, 19511 a l&rp pan ot 'tu ,op111&tloa t1•appeve4 :troa 

tM lake. 'Bia -"•• 4ea4 lanaa o'lt1enet. allol't~ after the 1aD 

11a1 ~, ._ •lllo a'bo\\t a -.t!l tllltrntter, b&leate4 that thl• 

&eCNUe ta D.Ulliben na 4• to ,ot1oa ntJaer tua tau ... rpaee ot 

tiae tuee.ta. ...._17 ot tu c~ J>OPtlla,toa vu 1114tcate4 JJy a 

atp.US.eaat taaeqe la a.o:.n 'by OtJto1Dff 19, 1952. Ille• 4ata Ul4 

o'bNn-atiou poiat Kt ·oue apln that O.Ob_. l• 1IOl'9 't111aera'ble 

te nteaoae t.llaa aM oti.r aoats.c 81.pwra. Bateutw ll:Dr'ttl1tt;y ot 

-uau ld.qe Ilea aJ.ao beft note& ._ powt.erd roteaoae coa,owaa. were 

.... (NIUIU, 1,a..21 lrova aD1l la.U, l.'43). !Ida ~bllt<ty •1 

wU ,_ relaW to tbe tut \at tile lanu an 1wtll llllaetie ad. 

beatht.e 1a tblir at.lta. 



Organilm, 

Chaoborua sp. 

Tendipes ~ 

Tendipu plU1101us 

Tanytarsus Jucundua 

PelopUnae 

Beleidae 

Trichoptera 

Zygoptera 

Libellulidae 

Bpheaeroptera 

Coleoptera 

Corixidae 

llill! 
Ra1d1dae 

Lulllbriculidae 

Bydracarina 

!!l!lella 

TABLE IV 

AVBRAOE RtllBKR OF IRVERTEBRATE ORGARISMS PER SQUARE FOOT BY DEPTH 

RANGES m mwm LAKE BEFORE ARD AFTER TREADolERT WITH ROTERORE 

(Lake treated on September 12, 1951) 

8-13 teet 14-22 teet 
(11 Elman 1aaiple1 each period) (12 Ekman 1amples each period) 

Sept. Sept. Oct. May Oct. Sept. Sept. Oct. May Oct. 
9-11 14-16 17 14 29,30 9-11 14-16 17 14 29,30 
1951 1951 1951 1952 1952 1951 1951 1951 1952 1952 

6.2 4.0 4.4 2.2 1.1 157.7 103.7 18.0 3.0 51.7 

12.4 15.3 4.o 1.8 1.4 4.7 13.7 14.o 2.0 2,0 

... ... ... . .. ... . . . 45.0 0.3 ... . . . 
13.8 13.4 16.4 13.4 1.4 ... 0.3 ... 0.3 ... 
21.1 9.1 24.4 14.9 24.7 2.0 0.1 6.3 3.0 1.3 

0.7 0.7 . . . o.4 o.4 ... ... ... ... ... 
1.4 1.8 ... ... ... . . . . .. 3.3 . . . ... 

... ... ... ... . .. 0.7 ... ... ... ... 
0.1 ... 0.7 . .. 0.7 ... ... 0.3 ... ... 

... ... ... ... . . . ... 0.3 ... 0.3 ... 

... ... . . . . . . ... ... . .. 0.3 ... . .. 
0.4 ... . . . . . . . . . . . . ... . .. . .. . .. 
o.4 . . . o.4 . . . 0.7 . . . ... . . . . . . . .. 

... . .. ... . . . o.4 0.3 1.7 . .. 1.7 2.7 

o.4 . . . ... . .. ... ... 0.7 ... . .. . .. 
. . . . . . ... ... ... 0.7 1.0 ... . . . . .. 
... ... ... . .. . . . ... ... . .. . .. . . . 

23-35 teet 
(11 Ekman samples each period) 

Sept. Sept. Oct. May Oct. 
9-11 14-16 17 14 29,30 
1951 1951 1951 1952 1952 

49.4 35.3 5.8 2.5 61.1 

2.5 2.2 0.7 o.4 ... 
. .. ... .... . .. ... 
... ... . .. ... . .. 

2.2 ... ... o.4 ... 
0Q ... . .. ... ... . .. 

. .. ... ... ... . .. 
o.4 . .. . .. ... o.4 

. .. . .. ... . .. . .. 

... . .. . .. o.4 . .. 

... . .. . .. . .. . .. 

... ... . .. . .. . .. 

. .. . .. . .. . .. . .. 

. . . . .. . .. . .. . .. 
. . . ... ... . .. ... 
. .. . .. . .. . .. . .. 
. .. . .. . .. o.4 . .. 



TABIE V 

COMPARISON OF POPULATIONS OF CHAOBORUS sp. AND MIDGES OF IRWIN IAKE, ALGER COUNTY, BEFORE AND AFTER 

TREATMENT WITH EMULSIFIABIE ROTENONE (SEPTEMBER 12, 1951), MEAN NUMBER OF ANIMAL', PER SQUARE FOOT 

AND 95 PERCENT CONFIDENCE LIMITS OF MEANS ARE GIVEN FOR VARIOUS DATES AND DEPTHS 

Chaoborus sp. Tendipes tuxis Tanytarsus jucundus Pelopiinae 

14-22 Feet 8-22 Feet 8-13 Feet 8-13 Feet 
Date (12 samples) (23 samples) ( 11 samples) (11 samples) 

Mean Confidence Mean Confidence Mean Confidence Mean Confidence 
limits limits limits limits 

Sept. 9-11, 39.8 2.3 o.o 0.6 
157,7 8.4 13.8 21.1 

1951 . ~5. 5 14.4 38.0 41.6 

Sept. 14-16, 47,8 4.2 o.o o.o 
103.7 14.4 13.4 9.1 

1951 159,6 24.6 43.4 23,3 

Oct, 17, 7,2 2.6 o.o 4.1 
18.0 9,2 16.4 24.4 

1951 28.8 15.8 51.0 44.6 

May 14, o.6 * 0.2 * o.o 3,7 
3.0 1.9 13.4 15.0 

1952 8.8 7.1 37,5 26.1 

Oct. 29, 30, 19.7 0.2 * 0.1 * 5,0 
51.7 1.7 1.5 24,7 

1952 83.6 6.7 6.3 44.4 

* 95 percent confidence limits for Poisson frequency distribution used, For explanation, see text. 



La'boratory teats Oil toaut\7 to ilrferte'bratee 

AU tnl'ertebrate• except !.!J!!1a &114 atqe lanee hl'Tlve& 96-

hov ten• u ealatttable roteaoae, povtel'd cnAMt, ad n4e. Ia 

80ll8 _.. then waa Id.all ...-1tt1 of J!:!$!! &114 !!!fll!• 111 'both 

e.xpert.Matal aal ••vol coa\ataen. ,,_ .. aaS-11 wue pantcllltt.rl,7 

4.ifflcvlt to •htaia ta tM aoft vawr tl"ca Weller- La» bl tM. )dply 

colo'reA bog ••r t.r• SpnN i.aa. Sw.-nw.l of !ea41.J!• C..Oru waa 

1DCl"ilU84 by prori.41.q .. ,:rttu tw case 1'1dU.lq. tale VI lift• 

nhlt1 olttatne4 vttJa. tllla 1pecte• la a eoacea\rat.toa ot 1.0 P•P••• 

tor eac1I of tba tJaree ~tiou tetrte4. A teat ot 11Mlepn&esca 

of tbe 4ata of fal>le YI glYea t1le tollawtq Cllt ..,_. ftlllla: 

Coavol ••• au tna-...ta 26.64 

lllllbt.fta'ble l'O~ ff. c• 1.13 

lnlaift«l,J.e rote..,_'"• ellte..ftle ld.xtm:"8 0.7,-. 

c-. ... alJe.JJtae a.tat.,. o.-crr 
Wttll T ._...... ot treer&oa,. xt,o • 12.02. fJda t.11.eft te no NUOa to 

•-,en IU'terence11ll errt•l rate 1,e,,,..n pat.re ct tnat11nt,1 

greater tllaa tlla\ 'io lte es,ectel l,y .._.. Bowewr, * CJt1 ..-n 
clttable4 '7 wattaa au vea-.au -.1.ut tJile control la •t.aatttcat 

at the 95.5 per oent leftl, Whlch Wteate• tba'\ au~ prepara'tlou 

an \one to aUae 1enu at '"111 coaotatra,1oa.. 

DS.•na•lca 

?t t• •111'Pri•illl '1lat M -, Mi&b!P• J.ua• veatel wt'th ealal• 

ti&bla r-otelWM eal natoa ~taeA toate tw lone perlou.. Mon 

reports oa -- ue t4 tiaeae pro&ucta ta otbff atatea all4 COM4a llaft 



Time in Control 
hours 

0 20 

2 20 

5 20 

16 20 

26 20 

32 20 

44 18 

96 15 

TABIE VI 

NUMBER OF TENDIPES DECORUS SURVIVING TREATMENT 

WITH VARIOUS ROTENONE PREPARATIONS 

Liquid Noxfish, Powdered cube root, 
1.0 p.p.m. 1.0 p.p.m. and 

Tide 0.05 p.p.m. 

20 11 

20 11 

20 11 

19 9 

17 8 

17 8 

6 5 

1 0 

Powdered cube root, 
1.0 p.p.m. 

20 

20 

20 

17 

14 

14 

8 

2 
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been favorable on length ot time required tor detoxWcation (Sol

man, 1950; Saith, 1950). It has been reported that J'ishtox d1sst .. 

pate• itself Within 30 days. !he mtavorable reports on the UH ot 

this product have been that ewn When ued at htgb. concentrations 

(up to 2.0 p.p.m.) it did not assure a complete k.111 (Xrumholz, 1950; 

Saith, 1950, tuoting Alderdice, l9lt-9, aml Anthony, 19lt-9, and Saith, 

1~9}. !he ta.ct that the water of Lost Lake vaa st ill highly toxic 

to t18h after 33 aontha, eTeu though the qualitat1Te teat tor rotenone 

was negattn, euggeate that apectal diepersiag aputs acting alone or 

aynergiattcally rather th&D. rotenone were responsible tor extena.d 

toxicity. Other factors possibly reapoui'ble tor the persistent 

toxicity ot the Pigeon B1:ver lakes area (1) tbe high concentration 

ot potion wsed. (although higher con.ceutrationa that haft been employed 

elaelfb.ere have not giTen auch uutavorable reeulta), au4 (2) certain 

-.ueval aorphoutric charaeter1st1c1. AU of theff lakes are aep 

au. ha• large volume in relation to their eurtace area. !bis con

ditS.oa tenda to aiD.imi&e water circul&ttcn in the basin ao that there 

ta a proportio11&tely large volume ot ataan,a11t water cluring S\JIIMr 

atratlfieatton. Aleo, the ratio ot water vol,me to nm4 surface is 

hi&h 1n such lak.ea. I.t 41aaipa.t1on ot toxic au'bateacea upend.a upon 

ezellauge of materials between aw:l an4 water, which apparently was 

true tn the can ot I.oat Lake, then these lakes would. be expected 

to re•in toxic longer than thoae having a high ratio ot awl surface 

to water ad haTing a aore complete circulation of water tn the basin. 
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oai,, two ot the lake• treated. vt.th eaalattta'ble roteaoa.e n

tatae4 tiaetr toztolt7 loapr tu.a etpt aodha. Jlo8t of --• 

treatetl. ta lat.e •--r vere •llltd 'ls stoc1d»C -. .....unc eprSaa. 

Beteatlon ot tmctt7 O'l8r nawr 97 ewa 'Ile aa .,.. ... 1a tbat tt 

t.aave• • COIIPle\e kU1 ot ff.a stue tM water te ~ a1Jrll4 

at • tillt ot tu tau owrtvu. Al~ .,,.,..,17 a Jt.tp 

ao~t1.1 ot 1.llwnelJratee occune4 1.a &eettOll i. Lake vi.n ...iat ... 

ttule l'oteaoae at; a c_.nvattoa ot 1.7 p.p.a. vaa ..._,-. .. vu 

ao fflll ... tie-oft of ftals-tool orpal- ta Irvia J.&119 vtt.l& o.,, 
,.,.a. 1ba oalT bo\\oll aaf.lal ta Irwin take '11&'\ vaa Nl'i"811° 

attecte4 wae b f.Ne•avt.adlla ,-atoa attp tdlloh b also kt.UM '7 

po'IRMN& rO\QODe OOllpO .... ,_t.laenore, lalaOJ"&toq test• pw no 

1.atf..cratoa tut. ..iatttale l'OMllOIIIJ waa ate tOlliC tJlaa powte"6 

•• t.o * 1IOft t.a,onaat SNUP• of bo\t• OJ' .. lw at a •----•• 

,t.oa of 1 p.p.a. 

Al~ ...,_.Ut.able ro•-- ..,...,...17 caa h \18e& ettecttftb 

Wltllo'a tta ca•b& e.1or 'blologloa.1 •-•, ewq •tton aho'114 

lte _..to'"°"•• tt•ewrou ienlta u _,. olttaSae& VS.th 

ftlb.wa bl illa n,aoa ltwr Area lallea. IIMirtenwer• caaaot lie 

:relteA upoa to at.tetpe:te tM vita 'fUt.•~7 ol P18leal • CMld.eal 

ooa4t.ttou t.a la•• '1l&t ldlbt 1atl.lllMI '1wl Wld.cS.t1 o6 tliltr prahlu. 

1'1111.ery VOl"llel"I allo1llA N oa-.load. .. taat tile ... of ~• fa, 

vbloa tu -.matanver toe• an ~ a o-,lete CMldcal ....i.,.ta 

•o tut e:Mtn• ot au f.Dlnl1eat• cu. • te1tet. on tt.a aD4 ft•h• 

'fool orpataM. 
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Ve appreciate the encourapMnt that Dr. Albert a. •zaara., 

Director of tlae Iut1tute tor 11.abfft•• Beaea.rcb.1 Pft While w 

carried. out tu vartou phuea of tlrl.1 atud.1. J)r. Jlovan1 A. !aJm.er 

k1D417 peraittea. ue ot kt& that he baa. obta1ne4. Mr. Cl1ttor4 

Loq, Jt1trtct 1ieheri•• ••rn•or, as.a.A 1n collectton ot ....,1.e, 

from. lrwin Lake. s. a. Jtentek &D4 COIIJ&D.1 hnli6ed the Ltqui4 

loxt18h aD4 cee powder tor t1w laboratory n;perillllnta. 

I\Ullllll17 

1. ot 13 Jllchtpu lake• treatea. vith va.rtou fiah potion•, ll 

re•ined toxic to ttu for over one month. 

2. J.a•• ill u.1ch tletoaittcation hae been el.ow haft chtetly

'b•n tls.Qae :poi1oa.ea Yith either an ellUlaU1&l>le fora ot roteaoae or 

a traAe pro4uct, ceta1r.dq ro•ncme, cal.ld 1'1ahtox. toxicity hu 

:per11.-tea. tor owr oae aonth tn only one ot 56 J.aa• treated. Yith 

:,owterel rotenone COIIJO'U.41. 

3. J'iw lane tut were treatea. 'With Ho.tox re•tue4 wztc 

tor over 18 IIOJlthe1 and e.pparen'til)r caued. tar aore exteut.ve 110:rtal• 

tty ot \tottoa-4vell1Dg 1nwrtebrates than occur• vb.en poV4ere4 toru 

of rotellOU are ue4. 

4. Lake• tree.tel With eaul11tlable rotenouea have been toxlo 

tor•• long u 9 emtha. In ona lake in vhlch a high eoncu.trattoa 

(1.7 p.p.a.) ot thS.1 poiaon va1 ue4, there apparently waa a gnat 

loaa of botwa inwrtebratea. 
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,. A a\11111.y ot .__ ltottoa tauoa of XJN1ll LeJDt, a lake tat na 

liffll a o.,, p.p.a. appUca'tloa r4 eaalalftaltle rneuae, ahow4 a 

etpUt.eaat 418-otf ot onl¥ oae ton(~). 

6. In lMCl'&tOJ!'J teata, tile ..a.at.ff.&\le prolwzt kU.W )1111· 

ISlli la i.1• tta tllllll either ,owtard •• root v a ld.at11ft ot •• ------~fife. 
7. 11-,S.Ue •""'1"4 loapr 1a vawr troa a lale d lov 

all&all1dt7 -..tea wt.th eavleUl&lt1e roteuae thaa la •tel' tNa 

la1181 of lllp a1Dltat.t7 • . 

e. A 'f&l"'tn7 ot &f.11111tic 1.r.rtene~ra~ nntftl. laborator1 •••• 

1z:l ntcb. a coaMavai:loa ot l p.p.a. vaa ..a fer eaa tile enlatfte4 

~rolwn, ... , aaA a llixtllN ot o• al '.fUII. Be ldiae l'ttDll!ft• .,,!!!! ftl t1ae oa1J' \9"• la'fltrtlehr&w 1ietW ~hat •• kllld. 

!MN ,.. ao ~ Auternoe ta etteot or 'tll,e tllNI •Ollf01lllb ~o 

tilt.• .,..s.e •. 
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Appeniix 

Michigan J.altea treated with rotenone from 1911-2 through 195~ 

Lake.,. County Town, Range, • Section Yeara treated 

Irwin Alger 44B, 19W, 12 1951 
ll1ke Alger 44,45B, 19W, 2,3,35 1952 
Rock Alger 4511, 19W, 34,35 1952 
Trueman (He11ll.ock) Alger 451, 19W, 10 1~8 
Bellaire Pond. Antrim. 3011, 7W, 20 1949 
Qreen Antrim. 2911, 7W, 26,27 1948 
Roland Baraga 5llf, 31W, 12,13 1953 
I.em.lock Cheboygan 33N, lW, 34 1950 
Weber Cheboygan 34N, 3W, 31 1~8 
»uke• Chippewa 451, 1w, 28 1947 
O'liel Dickinson 44x, eaw, 7 1953 
lilltop Gogebic 44B, 391, 6 1949 
Sand Grand Traverse 2"/lf, 9W, 23 1953 
Clear (Kratt) Boughton 511, 36W, 3,4,9,lO 1952 
Dea4un Iron 11-Ut; 32W, 5,8 1953 
fortage Creek Pond Jackson 21, a, a 1950, 1953 
Lost Luce 471, l2W, 21,22 1948 
Mugrove Luce 471', 12W, 22 1948 
i'eanut Luce 47B, llW, 30 1948 
'fall l,uee 4911, 11,121, 31,36 1950 
Young Luc• 471, llW, 29 1948 
lla1r (B. Voelker) Pond Marquette 461, 27W, 22 1946, 1951 
Ill.and Marqvette 45B, 30W, lit- 1948 
Perch Marquette 45,¾611, 3ow, 4,33 1~9 
lock Marquette 471, 27W, 8 1952 
lect1on. 14 Marquette 45lt 30W, 14 1952 
Sporley Marquette 45,46N1 24W, 5,311 32 1947 
Sucker Montmorency 311, 4:s, 29 1948 
Sand Bevaygo 111', 13W, 19 1949 
lero Ogemaw 241, 3B, 5,6 1947 
Center Osceola 201, 9W, 21,22 1947 
Lost Otego 321', lW, 21 3 1950 
Borth Twin Otaego 321l1 lW, 10 1948, 1950 
Weet Lost Otsego 321, iw, 3 1948, 1950 
Bear :Den Presque I•le 331, 21, 32 1948, 1950 
A1htord Schoolcraft 431, 16W, 3,10 1948 
Dutch J'red Schoolcraft 4-71', 13W, 18 1949 
11neteen (Bear) Schoolcratt lt-41, 18W, 27,34 1953 
Sylvan Ponds (3) Washtenaw 28, 31, 6 1952 

-.1s 11st does not include the aeveral lakes that were treated prior to 
J.9'4-3 and that were retreated since then. Por a list ot the lakes poisoned up 
to 1943, eee Ball's publication ot 1948, "A Summary ot lxperiments in Michigan 
Lake• on the Blimtnation ot Fish Populations with lotenone, 1934-194,2". 

"4tJSee Table I tor the lakes treated with rotenone-bearing substances 
other than the powdered form; Weber Lake (!able I), Blair Pond and Borth Twin, 
weat Lost, a.nd Bear Den lakes (first treatment), and all the other lakes were 
treated vtth powdered rotenone. 
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