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An Elcper1.Mn1J In tbe 11•• ot Derrl• Root (Roten.om) ~ · 

'\he Fi•h and nsh-Food Organi11U ot third Siater Lake ~ 

c. J-. D. ll"own ancl 1. c. lit.11 

Ann Arbor, Michlgu. 

The ~-- a,.ri.Mnt ia pan ot a genual 1nnat1gation bei~ 

ooll4uotecl by "1le Iut11N.te fer '1•heri" Re••roll, Jllohigan Dep&rtlact 

ot Camenat1on. and the Zoolo17 Depar1111iaat, Un:1-,.niV ot Jliohipn, on 

the nla-euld.p 'NllwMll th• ft1h &n4 ft1h-toocl cirganiw ot Th11"4 Slater 

lab. N.• 1"'147 11 11114v the cen--.1 clireotton ot Dr. A. s. Bt.aaa.rd, 

Dinotor of tu Ianitlute, and Pl"ote■1or Faul s. Weloh ot the Zoolog 

Depar11aent. Peral -■ton to u1e tbl lake wa■ granted \ll by the Uni TVli ty

ot 111.ohigan lohool of Porenry &Dd Couena•on which i■ Napouible tor 

th• achd.n1■-vatien ot tM &agiaw Fore■t tran upon which the lake 11 

looated. 

The complete racnal ot f'iah troa 'the lake -., oarl"ied 011t tor the 

purpose of ob■ening what etfeot their ab■enoe would haTe upon the n.riOII• 



tiah•tood ocmatituenta and to get more reliable tlgurea on th• ld.ad■ and 

abun.danoe ot fiah preaent. It 1 ■ planned to re■1soN the ti■h population 

at the termination of thi1 study. 

There 1 • 11 ttle ohoioe of tools when a oomplete nmo•l of ft. ah i• 

d-■ired and of thue thing• tried, poiaoning with rot-.on• 1• tht moat 

praotioal. The pm•• ot the inw■tiga.tion reported here ha■ only to do 

111 th the poisoning prooedure and 1 t1 etteot on the tiah and t'lah-tood 

orpm.lU. OtMr p&rta of thie r•ae&reh will app•r a■ they an ooapleted. 

De••rlJti.OI!, _!! !Id.rd Sin.r !!!!,--Third Si■'Mr I&Jce 1■ :roughly ow.l 

in outline with a aurtaoe area of approxi•t•ly 10 aor•• and a JIIISiam 

depth of ,, t .. t. It lie■ near the center ot llkshtemw Ccn.urty in tl-.e 

11.lron Rinr drainage ayatem. Thia laJce ha■ no pel"IIUent inlet■ nor 

outlet■• It■ water aupply ooaa a.inly :troa •••pag• and runott origiDating 

in the surrounding moraine■• The outlet whioh pa•••• through a eall 

marsh ia dry most ot the year, but may be an avemie or en'trano• during 

perlod1 of high water for certain fiahea in ~ Boney Creek and Jmron 

RiTer drainages leas than 5 miles below. 

About one-fourth of the shore immediately adjaoent to the lake i11 

tira and oomposed of And and granlJ the remaincler is very 10.tt am 

pea't7. The emergent and ■u\aergecl ffgetation 1onea oonr approna'teq 

35 p•r oent of the lake ar• and extend from the ahor• to about the 

10-toot oon'tour. The •idea of the lake basin are •teep. hl."fing a ■harp 

•ctrop-ott.• 

The bottam ia oompoeed of aott, f1nely di'dd.ed orpnio •terial 

(P\l-lPY p•t) betwen the two &Dd 1.nnty .. nn foot oontoura. At deptha 

gr•ter than thi■ the bo"oa oonai■t■ ot olay nerlain by a thin ooating 

ot m1et. 
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!hird Siner !Ake 1trat1fi•• thenally and ehenio&lly during the 

sumer. The average annual bottom tmpeJ'll't.nre is appraad.ately 40c. and 

a thermooline develops with aubeequet -.rlced depletion ot ~ in the 

eypolimnion. The water is moderately sort ha.ving an average alkalinity" 

of approxillately 90 p.p.m. of eaco3 and a pH range ot 6.8-8.4. 

General procedure ~ nethods ~ applyin9 pobon.-The fir1t appll•1d.on 

, of poison was made during the .forenoon of M&y 6, 1941. While the •ter 

temperature on thia date we.a tar below the opti.mum ded.red tor the beat 

resul ta, thi~ time was oho sen in order to remove the f'i ah be tore they 

had 1pa,me4 and betore the aquatic plants were high or denH enough -.0 

pNnnt the reoOTery of 4ea.d fiah. 

Beoauae of the unfavorable teiaperature condition■ -.hioh •Jd.•ted in 

Third Siat.er Lake at the ti:iae of the r.t.rat poi,oning, there waa reaaon 

to beUn-e that th• tr•taent hacl fluled to Jd.11 all ot the ti.ah, SinN 

eoaplne r•cnal wa1 neoeaaary- in order to oarzy out the titterent pbaaH 

ot thi• inve1t1gation, oareful oheoka -..re made between !lay 10 and Auguat l 

b;y netting and through ob1enation1 to deteraine it there ,rere lin fish 

still preaen·I. in the lal(e. Gill net, -.•re eet on Jlay 14 and during the 

•uuing three daya oaptured five large bluegill• inoluding 3 ftmalea and 

2 mal••• and on• male pumpkinHed. On July 16 a large school of smt.ll 

bluegills or sunfiah waa obaerved and during the aonth that followed, 

the1e amall oentrarohid1 appeared in ever inorea1ing mmbera. We decided 

then -t;o -.ke another att•pt a.'t poi,aning and W• w.1 aoocapli1hed on 

Auguat 18 &nd. 19. 

'l'he derria powder uaed waa eupplied by s. B. Pemdok and CoJ&PIUJ1, 

I• York, and had a. guaranteed roteBOJle con.tent ot 5 per oent. In the 

t1rn appli.e&'1on, ,312 powad.a of dem.a root wa■ ua•d• whioh UlOUJl'ta to 
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approstately- ODe part of powder to two million pa.rte of -.ter by wight. 

Four hlmdNd pound• wre uaed for the aeoanci applioation, a.king the 

oonoaatration aoJNWhat greater than the tint. 

The prooedure of mixing and applying the poison•• aa tollOlfai 

10-15 pounda -of derria powder were placed in a .$0-gallon awel ch-um with 

one end removedJ lake water waa then added to fill the barrel &bout . .3/4 Ml. 

An outboard m.otor ~• set in the barrel and nu xi:ng -.11 attained by running 

the motor. This only takes a :nd.nute or so and the resulting mixture 

app•r• in oolor and oonaistenoy a.bout like th• uaual ohooola.te "malted milt." 

Thia sutpeuion -.a ~•n placed. in 10-gallon llilk oan-a and poured froa th• 

aide of a boat propelled by an outboard aotor. In thi• -.nner it w.a 1Nll 

di■per■ed in the ■urf'aoe water by the churning action of the aotor. the 

pat:ha the boat followed werti regular and oftrlapped. until tl1e entire lake 

na oonred. Then the ■ame proo•dure wa.a tollowad oro■■ing the firat 

patha at right angl••• The whole lake wa■ ooTered fCN.r ti•■ in thi.11 

Mmaer. All of the shallow -.ter n-.r the e4gea waa tr•t•d by !IN.Ill ot a 

tire pump or b;y throwing the aolution 'With a dipper. 

In the 1eoond applioation the prooeclure waa the aaae ezoept t.hat 

85 pound• of derria are mixed into a batter and then plaoed in nigh'iled 

burlap bag a a.nd dragged behind a boat in water at a depth '9&J7iDg between · 

15 and 25 teet. 

Colleotiona.-Saaplea of the ti ■h, plankton and inTertebrate ard-.ls 

were taken before, during and arter the poiaoning. Fiah aaaplea ialcen 

before poiaoning were ••oured with gill net•, tl"&p net• and by a.ngling

and. ot oour••• a.tter poiaon.1.Dg all ot the f'i.eh whioh oaaa to the aurfaoe 

or whio~ ewld be reaohecl w1 th dip net• on the lake bottom were reoonred 

tor a population ••ct.r• Thi• i• de■oribecl in another paper (Brown and. 

Ball, 1942). Plankton waa taken by mean, of a 10-liwr plankton trap and 

bottom 1-.ple1 by the u1e ot ~ and Peter1on dreclg••• 
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In addition to obaenati.ODB made on th• ti■h and other Ol"pm ... aa 

thq appe&Nd under mw.ral oonditiona, oerlaiJl f11h and innrtebrate 

organiaa wr• •P1ain1 in th• lake pre'ri.oua to poiaaning and plaoed in 

oagea at w.rioua lnela in order to ••• wi.t etteota rot.none might haft 

on thea. Laboratory experim.ent■ uaing tha ireat.d lalce water 1Nre al■o 

oamed out ,o funher teat the effeot or tnated lake ntel" on n.■h, 

•dpole■ and aeven.l of the invertebrate■ • 

The f1r■t polaoning 

Condi tiona _!! .!!!!.•-Temperature and ohnd.ctal amlyeea 1Nre ade on 

Third alater ake 7 days before and 4 days atter poiaoning. 'l•peraturea 

were alao taken on the day before poiaoning. Thea• daw. are 8Ulllllar1Hd _ 

in '?able 1. The .1'UMr favorable oondi t.1011.1 during the •elc pre'Yioua to 

the po1aom.ng made ua beline that waperaturea and other taotore in 

general W:Ollld be tawrable tor th• experiment. HOWTer, th• weatlwr waa 

oold am rai.Ja¥ tor 4 or 5 clays preoed1ng the polaoning date and no aor• 

taTOrable on the day ot poiaom.ng, •uaing a drop in th• 1111rtao• taperature 

ot 20°F. The edire 1Urfaoe layer ot water down to 15 feet•• atf'eoted 

by th11 ohange and early in the morm.ng ot the poiaon1Dg tm lab bLd a 

a::dam taperat\lN ot only 48°r. whioh ooourred 'be'owH!l the S- and 10-toot 

oontoura. rour day'• lat.r, after brights, warm 'WNther the water teaperatur•• 

had returned. to le-nl■ about equal to tho•• exiating the 1Nek pNrdous to 

poi1oning. It would ••em thl,t the time we oho•• tor our ezperbla:t wa1 

the moat unfavorable from the point ot 'View ot t•perature that m1ted 

during the apring period. 

Thia expericoe •• not witJiout value, banver, 1ino• it cl-.on1'\rawd 

that rotenone 11 not aa etteotin when uaed. in water with low temperatul"••• 



Depth, 
' f'eet ' 

0 
3 
6 
9 

12 
15 
18 
21 
24 
27 
)0 
33 
J6 
39 
42 
4S 
48 
51 
54 
S7 
60 

:Betore 
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Table l 
Temperature and ohelld.cal condition• in Third Sister IAke 

before, during a.nd atter f'irat poiacming 
D'1rl.JJg Alter 

April 29. 1941. 2sJO P.M. .. May 5. 1941. 6 A.I(. - .~ 8, 1941. 2130 P.K • 
Air temperature 730,. Air t~r,,tun !e_°F. .Ur teapere:tun . 66°F. 

Tempe"-ture, °'2•· . C°'.l • 11. o., . T•~ra'ture, l'allpera'tu:re, °'2, c~. )(. o. 
op. -p.p.jn. l'-P•lll• 'D•'P·•· · 'DB Op• . ·. o,. . l>•P•L 'D•'P••· : l>•'P••· 

6S . . ... ••• ••• • •• 4S . 64 13.4 0 82 
62 ••• . .. ••• . •·· 47 64 ••• ••• • •• 
S8 .. .. ;_ • • • ••• ••• .. .. h8 63 . ~-·· • •• • •• ss 13.2 0 62 8~0 48 60 .,.a 1 86 
SJ ••• ••• • •• lt6 . r S3 ••• ••• • •• ••• 
47 ••• ••• ••• • •• . 4S . le ••• • •• • •• 
44 ••• ••• . ... • •• 4S fl ,_ ... • •• ••• 

••• 9.8 0 86 8.o 45 s.6 3 88 
b4 ••• • •• ••• ••• • •• 1u • •• ••• • •• 

••• ••• • •• ••• • •• • •• 1u • •• ••• • •• ... 5.6 l 88 7.6 45 42 · 4-8 s 88 
••• • • • ••• • •• •·•• ••• 1a2 .... • •• • •• 
1a2 ••• ••• ••• • •• • •• 1a2 ••• • •• • •• 

••• 3.9 3 88 1.s 44 1a2 3.8 s 88 
••• • •• ••• • •• ••• • •• 42 • •• • •• ••• 
••• • •• • •• • •• • •• b4 1f2 A, •• • •• ••• 
••• • •• • •• •• • ••• • •• 42 . .... • •• • •• ... 2.1 s 88 7.2 ••• J.a 2.1 7 88 ... ••• • •• •··· •··. • •• 42 • •• ••• • •• ... ••• • •• • •• • •• 1u ••• • •• ••• • •• 
42 ••• ... • •• . .. • •• • •• ••• • •• ••• 

PH 
8.0 
, ... 
••• s.o 
• •• 
• •• 
• •• 
7.6 
• •• 
• •• 
7.5 
• •• 
• •• 1.s 
• •• 
• •• 
• •• 
7.2 
• •• 
• •• 
• •• 
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On the poisoning date the e.quatic vegetation w.• 1till in the ftry 

early ata.gea of spring growth. Some of the yellow 11ater lily 1 ... ..,,.. had 

r ... ohed within a few inohe• of the aurtaoe but the poruL~• in general 

had not grown mor• than 4--6 inohes above the bo"11oa. The f1ah population 

in Third Sister Lue included the following 1peoiea I Largemouth baH 

(lhro ••lMiA.91)., blue&J,111 {Lepomis •2roohf.rus), pt,.wpklna-.cl• (I,epm• 

5ibbotu1}, gNen ■uDtiah (Ler!1• ozu•llua}, md piolcerel (Baoz ftnd.oulatu1~, 

'bullh••• {AMiu.ru.1 •talia), ohub-auoker (!'15':aon 11UOnta), ocaaon nek•• 

tC.to•tGIIIIU oomaraomu.1), bl&ok•ohiwcl 1hiner (louopia beterodon}, 

blaok~noaed ahiner (lotropia beterolepia), own ahi.l\er {lotropia oo:nmtu■), 

golden •hiller (~,-:t.gamaa ory1olwoa1}, Iowa darter (Poeo111oh1ihY• aili1), 

and JDUdw:lnnow (U.bra llmi) • 

Obun&ticma on t11h.-1'he firat poiaon waa put in the lake at about -- . 

6100 A.11. and the tir•t d41&d an.cl clyint; f'ia,h •re ubeened 20 minute• later. 

There seemed to be little or no difference in the toleration or the ditterent 

1peoie1 ot ti ah to the rotenone poison. ~•r, the Jlinnowa and the young 

or the other fish appeared in larger nwaberR at the beginning,. Thia may 

lake .•. i.at- .ot. th• .... 11er f'1.ah are in eballow u.ter and would naturally 

oome in oont&ot with the poi■on 1ooner than thoae t.1.ah tound at deeper 

1 ...... 1,. 

Sou ot the tiah fioa1.ecl to the INl"taoe i.JDm.ediately upon qing while 

o"h•r• would ainlc or atay on the bottom. 

Both aal.l aDd. large apeoiaena reaotecl in thi• •nn•r• The danera, 

of oourH, do not float a■ a rule beoauae of the l&ok ot a ma bladders 

howner. three darter, were found floating the d&y following tht poi•oning• 

A great many of the ti■h never oam• to the aurtaoe nen after deocnpoaition 

set in. A number of ■peoimen1 •r• ob1erftd ea.oh day tor a wetk and nre 
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aeen to decompoae 'Without leaving their original poai tiona on the bottom. 

The•• were aoatly ,all f'1 lhJ the larger apeoi:ae• aeeed -t;o float more 

readily and we belieff -that the fl.ah reoovered repreaent the •j•rity of 

the larger 1'11h. We are oertt.in, on the other hand, that any mu.11 ti.sh 

rea1.n•d on the bottom &rul were never recovered. Thompaon and B•:an•tt (1939 a) 

have reported that a geod :many of the t11h 1ink after being overooM by 

rot.none but they indioat• th.at th••• bloat and ri ee to th• 1Ul"tao.e a •hort 

time after. 

!!J>•riunt• ~ .!!.!.!• -A csaretul OMOk -· •de to determine the 

leagth o.f' time the poi1on wa, prennt in quantiti•• suftioient to lcill 

ti.eh at nriou• depth•• Thia •• aoooapli1he4 by plaoing 11.,. ti ah in 

minnow buoketa or oe.ge• of approxi•tely SOO oubio inohe■ in 'f'Ollae and 

lowering then to different levels in the lake. Bight dif'f'erent location• 

well soattered over the lake were choHn in order to teat for horiaontal a• 

well as vertical distribution or the poi1on. Cage, containing bullheads. 

largemouth baH and bluegill• captured in the lake before poison was 

acbliniatered were plao.d at the following deptha (ffft)a 4, 6. 7, 9, 11, 

16, 3S, 40. The initial oheok was mad• &ppro:d.ately 8 hour■ atter the 

tlrat poi■on wae introduced. ill of the oage1 ezo.pt the one at 40 feet 

nre •xamin•d• Thia •• kept ae a oontrol against the other■ wbioh had 

to be brought up through th• pre11UJ1&bly more toxio surfaoe •ter eaoh tiu 

they were enm.ned. We were not aUl"e but that ti.ah might be killed by their 

abort exposure to 1urfaoe water rather than to t:.tw poi1on at ti. lnel1 

whioh were being teated. We deaonatrated to our own aatisfaotion in 

aubaequent experiments that th11 ehort exposure had no ■eriou1 efte6t on 

the fish. All of the fish were dead in the oagee at 4 and 6 teet. A 

second examination 1111.1 made at the end of 12 hour■ and the ti ■h in the 

oage at 7 feet were found to be de&d. At the end of 24 hour■ a third 



exandnation showed all o f tho fiah auapended at lenls 'between 9 and 4C> 

feet to be alive and in good oondi tion. At the end of: JO houra., however, 

the f'11h at 9 feet were all dead. The last examinat1.on -.s made on the 

fifth day follonng the appl1oat1on of derria root &Did all 0£ "'1'18 .f1ah in 

the four deepest oages were sti 11 alive and api-nntly in good heal th. 

This would indi~ate that either the poison did not reaah deptha beyond 

10 feet in oonoen.trationa aut'fioient to kill t:l1h or that theee fiah wre 

not atfeoted. by the poiaon beoauae of the low temperatures pr~iling 

there. 

A.a a. ful"ther oheok on the duration and extent of the poieon in the 

lake, ti.ah (puapkinaeed.e, bluegills, larg•outh baa■ and blunt-noaed minnow,) 

••ined .f'rom the lmron ii ver -..re plaoed. in oagea and lowered to clitterent 

levele. The method followed. waa to ph.oe 4-8 tiah with repreaenta.tins 

of ea.oh speeies in eaoh trap. These trap1 -nre law•red quiotly to a depth 

senral feet below the deaired level before being brought up to th• level 

to be teeted. This procedure insured the remoT&l of all aurtaoe •t•r 

which might otherwi•• haft reained in the oa~••• Te1t1 of this nature 

were made e.t regular intervals until all of the fish at all lewla r••ined 

aliw. When f'1ah died., the al)proxi.a.te time be.tore their death WIU reoorcled 

and they -..re replaoecl by linng tpeoimena. EDm1n&i:iona or the oag•• 

wre acle at e1 th.er 10- or 24-hour intel""ft,l■, or both. It 41d not ••

ad'ria&ble to oh8ok 'ihe tiah ottener than thi• beoau■e it•• neoeHary to 

haul t• to th• aurfao. each time in order to ••e the reault■• Beoauae 

ot thi1, we do not haft ~ information on the eaot time the ti■h died but 

only know that death ooourNcl aomet:l.• during the intenal be'twen eaa1nationa. 

It ia tairly aa1'e to aaauu, honnr, that the time require4 to kill ft.ah 

used in the:ee experillenta w,u probably- leaa than tiff hour■• In other word.a, 
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it they died at all from the etfeot1 of t he poiaon. they did ao w1 thin th11 

time. 

This experiment was started on Vay 7. 19.41. &nd ea.gee were placed at 

the following levfllu 0-J., J, 6, 9, 12, 15., 20, 25 and 30 feet. At the 

tim-e of' t he t'iret e~amination, 12 houre later, all of the fbh were d•d 

a.bov6 10 fep.t and all werE- alive below thi$ 1£-vel. As a matter of taot, 

the N.sh in the traps bela.v 10 feat were still alive on May 21 when t he 

experiment was tendna ted 13 days later. 

On May 8, live tiah were a.gain placed in the four upper oag•• and 

these were dead when uaained 10 hours later. The fish were again raplaoed. 

the tollowint; morning (ll&y 9) &nd. s.11 were found dead 24 houri la.ter (Jlt.y 10). 

Again they were replaoed in the f'our upper oage1 and at the end of 10 hour■ 

part ot the t1 eh Wftre d•d in eaoh oage exoept at the 9•toot lenl where 

all or th• t'11h 'Wre ali·n. At the end of JO hour• (May 13) all of the 

tiah in the three upper oag•• were d•d. They were replaoed tor the .N.nal 

time on thi.1 date and all remained aliTe until the experiment 11&8 terminated. 

8 days later (Uay 21J 19!~1). 

Additional experiments 'Were carried out to te,t the d11poraal am 

duration of the rotenone in lake water after removal from the lake. Sample• 

of water w4re taken between the surface and the JO-foot levels with a 

Juday bottle and put into halt-gallon glaa■ ja.ra. F1m were then plaoed 

in these jara a.nd the 'ti.me or their au.Mi ft.l reoorded under different 

temperature cond.i tiona. Four apeoiea or fi■h (largemouth baaa, bluegill•• 

puapkinaeecb and blunt-noaed. minnow■) •.,.raging about 3 inche■ in total 

length were uaed in the1e experiments. 

The temperature of the water in the ja.ra wa, oontrolled within two 

or three degr••• F&hrenhei t exoept during th9 t1 rat experiaft't whioh ,., 

oonduoted at the lake ahore. 
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The f1rst series of -.tar aamples was ta.ken 24 hours after the l.&lce 

had been treated with derria r.,ot. One fish of each speoiea wus plaoed 

in a. jar oonta.ining lake v,,a,ter '.loon after tho experi:mental water wa.a. 

rerioved from tbe lli..ke . The water 'fflLS a ll01.ved to war.u up to the air 

teniperature (61°F.). Tha teinpera:ture tl.nd timo ?rere recorded at th! 

ider:t1.oal tests we:r-e !.1.ade on the water frO!!l. each dep-ch anc. a similar test 

was :r-io.d., ~,sin.g eu!"!'e.oe well Wl'.t-er as a control. The results are gi'ftn in 

Table 2. 



Table 2.--Time required to kill fish kept in treated lake water 
from various lenls at increaaed temperature• 

Depth ot 
water aample, lumber Temperature, 0r., Temperature, 0 r., Time betor• d•th 

( teet) of teat at start at d•th lom'• J8nute• 

Surt'aoe l 45 61 0 - 46 
2 45 6o 0 - 50 

6 l 48 58 6 - 15 
2 48 62 2 - 10 
3 48 64 l - 3 

10 1 47 61 ,& .lo kill 
2 47 61 2 - 15 

20 1 16 61 ~ No kill 
2 16 61 _} 1'0 kill 

~ 11.ah lived tor three week• at whioh time the experiment,.... terminated. Water 
teaperatures ranged betwa ~ 0 and 64°r. during this tim.e. 
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lfater trcn the 20-toot lewl did not oontain 1utt1oient poi1cm to 

kill tilh •nn when the temperature -.a rai••d to 61°,. In one teat on 

-.ater trca the 10-toot leTel, t1sh were Jcilled in 2 1/4 hOUJ"I and. in another 

aiailar teat none of the ti•h died nen though they nre held for three 

weeks. :None ot the water u.aplea appeared to be toxio to :t1ah until the 

water temperature had been railed at lea1t to 57°F. 

In theae experiments. the fish died in the tollori.ng orders Iarg•outh 

ba11, bluegill, pumplcineeed, blunt-nosed minnow. We did not keep detailed 

reoorda of the aotual dif'ferena. in time required to kill fiah of eaoh 

1peoie1 but we dolnow ~ ditf'ereno•• were mall in moat oa■e ■ and not 

altogether 1ignift0&11t. 

In a 1eoond experiment, aaaplea of lake water were taken at interval■ 

ot three tfft trom the aurtaoe to 30 teet, 48 hour• atter poiaoning. Th••• 
nre then 'tranaported to the laboratory tor tm purpo•• ot teating the 

nrtioal dinribution ot poi ■on in the lake. 

ill aaapl•• nre r&iHd. to a temperature of 69°.70°,. before tiah 

were introduoed, and kept at th11 'ffBP•r&wr• tor the duration of the 

experiaent. The elap1ed time betore d•th wa1 reoord.ecl. Controls uling 

tap water were set up in a aimilar manner. The ■ise and 1peoi•• of ti.eh 

u1ed were the 1ame a■ tho•• deaoribed tor the above ezperiaent. 

Three 1ample1 from eaoh depth were teated 11allt&neou■ly &114 an awrage 

of the data from eaoh aeries is reoorded in Table .3. 



Table ·3•--Time required to kill fi•h in treated lalce water 
from ftrioua leTel• in Thi-rd Sia-ter Lake 

~ p.p,a_. at ts.me be ore d•th, 
Depth, Tmporature, ot death minute·• 
tMt .,. ...... • ...,.. e 

s 69 s~1 38 
3 69 6;116 37 
6 69 6.2 40 
9 69 6.1 q4 

12 70 4.7 t ... 
1$ 70 6.6 r:: 20 70 1.2 
.30 70 6,1 .... 

Control 70 ,., .... 
~ere no time ia gi Ten, fish were alive at em of experiment. 
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The apeoie■ ot ti 1h uaed in th1 • expenaent ahowed the .._ 1equenoe 

of death •• in the first experiment. None of the fish died in •ter 

samples taken below nine feet. l'm.s is in agr••ent 1fi th obaenaticma 

made in the lake. As is shown by the above table_. the oxygen in all of 

theae experiments remained well above the oritioal point. The average 

time betnen the beginning of the experiment and the tir■t aymptou or 

diatreH waa 10 minute■, and the average tiae between diatreH and d•th 

•• JO minute,• 

In order to teat what effeot aeration would han on th• told.oity ot 

lake water, th• ..... ample■ u.aed in the abo'f'8 experia.t troa the au.rfaoe 

and at 9 teet wre aerated Tigorou1l7 tor ,30 minute■ after the clead tiah 

from the abon a,.riamt had been reoved. Fi1h ot the aaae apeoie1 

introduoed into "thia aerated water died in 42 m:11mtea. 1'he water tempera

ture waa 70°1. and the o~gen 6.4 P•P••• at the time or death. 

A oheolc •• ad• to re'Yi n t'lah whioh bad ahown the f'irat 1ign1 or 

diatr••• in aurfaoe lake water. The■e t'1ah were removed to tap water whioh 

waa aerated throughout the experiment. None ot the i'iah reoonred although 

the period before deathwaa 10 minute• longer than for thoae tiah le:rt 

in the 1urfaoe lake •ter. Smith (1940) reports having revived trout 

which had lo1t their equilibrium due to rot.none poieon. Moat ob1ervera, 

honver, have found ti.t t11h showing di■treH tram poi.&on will not N'Yi w 

on being tranaterrecl to untreated water. 

x.ke water aaaplea were taken at inteJ"ftla i'ollawing the poisoning 

and u:perl.Junu were oonduoted to teat their tox1oi ty to ti1h. On the 

■i:nh day f'ollowing the poiaoning, ti.ah died in water trOl'l the ■ix-toot 

level whioh had been raised to 78°F. bllt were not atteoted in thia ■ame water 



kept at 6S0r. On the ten-th day none of the water 1ample1 uaed showed UV' 

toxicity nen when rai1ed to 80°F. '-'here is oonsiderable w.riation in 

the time required for different •t•r• treated with rotenone (dei-r1a root) 

to lose their toxioi ty. Leonard (1939) reports that wi. th a. oonoentration 

of 1 p.p.m., the water in his experimental aquaria 1ra1 no longer toxio to 

bluegilb and aunfish arter 20-4]. hours • . Haailton (19h2) al■o r,port, the 

quick disintegration 0£ the poison, and ehow1 that w.lth oonoentrationa 

even aa high as 10 p.p.m. his test aolutiona were no longer tozio to fish 

after 2L houra. Thomp1on and Bennett (1939) stocked Fork Lake in Illinoi1 

without loa■ of fish four days atter poieoning. Veata.l (1942) 1tate1 that 

Gllll Lake in California remained toxio tor 12-26 day1, and Sm. th (1940, 1941) 

reports tllat in Potten Lake, Hew Brunniok, the water wa.1 ■till tono 

18 day• atter tr•tm.nt a.nd in the lova. Sootian LalcH it r.mained toxio 

tor 30 d.&.y• • 

A b:rowniah aub1tano• waa found in plankton and bottoa aaapl•• trom 

the deep area ot the lake soon atter poisoning. A mioro.aoopioal . 

eDllination ot this material lett;l doubt but that it •• powdered derria. 

Same of thia ateri&l wa1 plaoed in a jar of lake water and this mixture 

wa1 then •rmed to 75°F. Fi•h were plaoed in this jar and auftered no 

ill effeota. 

Ob■enationa ~ ~~ organiaaa.••Regul&r, bimonthly oolleotiona 

of plankton were taken from top to bottom in Third Siater Lake at 10-toot 

intervals during the entire period of this br.-.1tiga.tion. Partial oounta 

have been Jade on th••• oolleotiona and the JlUDlber of orga.ni ... per liter 

eat1-ted in aoool"dano• with the usual method.a. Identitioatlon of organiama 

11&1 oarried only to the larger gr011pa exoept for about 10 pre~ow:Snant to.nu 

whioh were identified to gemi■• 
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Compariaona ha.Te been nade bet-n.an colleotiona taken immediately 

before and a.f'ter poi1oning and, as well, between aimilar periods of the 

prniou1 year. Only large aDd 1Japortant ,:,hang•• in the plankton popilation 

1'0\lld be reoognizable by our methocll but .,.11 ditterenoea would not have 

signi.tioance anyway beoauae of the irregular, alao•t sudden. natural 

~hang•• •o oharaoteriatio of plankton populations. 

Meat ot thia phytoplankton group• showed little or no change following 

the introduo1;1on ot rotenone, whioh could be attribu'ted to the poiaon. 

A gradual d•oreaae throughout the IIWIID.er -.a not1oeable tor the 

Chroocoocalen with an aooompe.nying inorea1e int.he diatoma (Baoillari•e) 

and Dinobryon. The dinotla.gellate Peridimun oaapletely disappeared 3 weeks 

after the first poison and did not reappear in oolleotiona until almost 

a year later. 

In the sooplankton, notio•ble reduotiona did ooour, aom.e ot whioh 

we belioTe have a1gn1f':ioanoe. . Thia n.1 mo1t ob'fioua in the entromoatraoan 

genera of Daphnia a.nd Diaptomoua. Da.phld.a ooapletely disappeared 2 daya 

atter poisoning and did not reapp•r in oolleot1ona until 5 weeka after 

the aecond poisoning (Pigure l). Dit.ptoamla dieappeared along with Daphni& 

but :reappeared a little ■ooner, i.e., one month after the aeoond poi■oning. 
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Bo"1l of these organiau maintained more or leas stable populationa through

out thia aame period during the previous year. CyolO)?I showed a. eh&rp 

deeline 1-ediately following ea.oh poisoning date but partially recovered 

in the interim. Colleotions made 6 we6k:a after the first poisoning and 

• 4 1'9eks af't.r the ae.oond showed about ·w ■-me number of Cyolop1 reoorded 

· for the 11milar periOd of the preoeding year. Epiohui,a, wbieh ordinarily 

app•r• Tery •poradioa.lly in thi I lake. did not show in any oolleetiona 

for the entire y•r after the fir1t poi•oning elate. Thia may or •Y not 

be lignifioant. 

While rotifers were present in all oolleotiona following the poi1oning 

the group e.o a whole appeared to be considerably reduoed aa oompared ~th 

the aame period of the previuus year. 

Obserw.tiona were •de on the aquatio invertebre.te population before, 

during &nd after poiacming the lake. Regular Ampling of an intenaiTe 

nt.ture waa oa.rried out for two yea.rs preoeding poisoning, throughout the 

IWll!ler when the two tr-.tment1 with rotenone wel'e •d•• and for 6 month.a 

following the hat poiacm:ing. llaplea were not numerous enough to deteot 

a.all differenoe1 in population• but we believe they were adequate to 

ahow groaa ohang•• of aquatic inTertebratea. 

In general, our 1&11Pl•• 1how no very eignitioant change, before, during 

and atter poisoning whiah could not be explained by the inadequacy of our 

method, emergence, migration or general seaaonal -..nation. On the other 

hand, we do know that oertain organimu were at least partially a.ff'eoted 

a, shown by experiments and .field obaenat1ona at the time ot •oh poi■oning 

period, 

Corethra were obaerTed to be dying and coming to the ■urface within a 

short ti.me after the ti.rat poiaon was introduoed. The windward ngetat1on 
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arn of tile la.lee wt.a lit.rally oovered with dead Corethra larvae the day 

following the first poisoning. Field observations substantiated the 

experimental work deaoribed below in that large number, of leeohea, 

aesohnine dragonflies and tadpoles auaoumbed to the poi11cm and were fo.und 

dead in the ahallow waters near shore. Meehea.n (1942) likew:1.ee obeened 

that Conthra and leech•• were readily killed by rotan.ene. 

!5>!rimenta rn ~ ~ or5wema.••An experiment to aaoertain ' th61 

etfeot of the poiaon on the ti.sh tood orga.niDI n.e oarried out at the lake 

during th• poisoning. The organimu used in this experiment were oolleoted. 

in the lake prior to poisoning and pla.ced in apeo1al screen wire oa.gea. 

These oagea were then distributed between the surtaoe and the 6-;foot level 

at several points on I.he la.lee. All cages were ennd.ned at interw.ls during 

the five days 1ub1equent to poiaoning. On the firth day the experiment •• 

terminated. 'fh.e results appear in 1'a ble 4• 
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Table 4 
The mortality of certain invert.brat• organiam• 
and tadpole• confined for five d&)'lS to oagea 
kept at various pla.cee in Third Sister lake 

tolla\l'ling the treatment of the lake -..tera 
w1. th derri a root 

Or am.m 
Leeohea Dead Dead 
Snail■ Planorbia !t:u;l.ua • Alive Alive 

· 1&, .Aanioo J 
Amphipocla Gumiaru• .jalella} Alive Alive 
Aniaopter& eympha 

Libelluline i:cympha Alive Alive 
.uaolmine ~pha Dead De&d 
Gomphine J\YlllPha Alive Alive 

Zygoptera nyapha Alin Ali Te 
Triohoptera l&nae Alive Aliw 
Diptera lanae 

CbironGlllla Dead Dead 
dorethra Dead Dead 

Tadpole• Dead Dead 

De&d· 
Al.in 

Aliw 

Alive 
Dead 
Alive 
Alive 
AliTe 

Dead 
Dead 
D•d 
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Praotioally all of the organisms that died did so within the first 

24 hours after Derri s Root was introduced into t l1e wa tei·. The ouly 

organisms whioh were seriously affected included th& 'lesc-hnine dragonflies, 

leeohes, Corethra and tadpol~s. The Chironomidae .whioh lived about 

48 hours probably died from unfavorable conditions resulting from the 

ohange of habitat rather than trom the poison. The leeche■ and dragonfli•• 

were killed within 12 hours. Tadpoles (Rana oatesbeia.na) were e.lao 

killed, although t he timl3 required was greater. 

The second po110ning 

Temperature and ohemioal analy••• were made lix day• betore, during, 

and 22 daya after the ■eoond poisoning. Theae data are aummari ud in 

Table,. 



Betore 
Aun1t 12. 191.u. 

Tempera-
Depth, tu.re, °'2, CO:.:!• 
feet op. P•l>•Dl• p.p.m. 

0 82 9.0 o.o 
J 80 ••• ••• 
6 ... 8.1 o •. o 
9 ••• 8.li o.o 

12 7.5 ... . .,:. 
1.5 6.5 19.8 o.o 
18 SJ . . . ... 
21 47 9. 5 8.o 
24 45 3. 7 18.0 
27 li4 ... ·-•. JO l'3 o.o 21 .0 
33 ... . . . • •• 
36 ••• . .. ••• 
39 ••• ... •·• . 
42 ••• • • • • •• 
45 ... ... • •• 
48 ... ... ••• 
51 42 ••• ••• 
54 ... . . . ... 
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Table S 
Temperature and ohemical conditions in Third Sister lAlce 

'h.tore. during and after the seoond poisoning 

During 
Aumat 18. 1941 

Tempera- Tanpenr-
M.O., ture. ~- c~. )(. o., ture,. 

1>.o.m. t>H 0-,. P•l>•l!l• P•P••• l) • . p.a. PH op •. 

93 8.4 84 9.2 o.o 88 a.s 74 . .. • •• 80 • •• .... ..... .. ... 71 
94 a.4 80 ••• ... •... .... .•. --- 68 
94 a.5 11 11.1 o.o 88 8.4 67-... . . ... 75 .• •·• •·•. . ....... .. .. 63 
84 9.1 65 16.9 o.o 88 8.o 6o ... ... 53 •·•• . •·•- .. , ... ••• s2 
84 7.4 47 6.4 10.0 89 7.h 49 
34 7.0 45 2.0 15.0 90 7.0 47 ... ... •·• . • •• •-• . ... , . •·•·• 45 
64 6.9 43 o.o 20.0 90 6 •. 8 43 ... . .. •.. . •·•. ... •·••· •·• ·· ...... _ ... ... . .. • •• •·• . •·•·•- •·•·•· •·•·•· . •·• • •• ..... • •• • •• ., .. , ...... .-.:•·•· 
••• • •• • •• •·•. •·• . •··•·•· ....... •·• ··• . .. . .. . .. .. ,. •·•• •·•• •· ...... -~•·• . .. •·•. 42 • •• . ...... .; ...... ··· •·•· .. ,., .. 
. .. . ... ••• ••• . ... . •·• ..... ....... 
. .. •· .. • •• • •• .) .. . .... ...... 42 

After 
Sept•'h.r 10. l 1~Ll 

02. c~. 11.0 .. ,. 
p •. p .. a. 'De-Pe-L P•P••• PH 
8 .. o 0.0 88 B.4 . ... • •• . ... • •• .... ••··• . .. , •·•. 
9~0 o •. o 88 8.4 ...... -••· . •-• . .. 
....... ••:· ••• • •• 
_ ..... , ........ •-•• ••• 
6.J s~ 88 B .. o . . • · ••• . ... • •• . , .. ..... ••• • •• 
o.o 10.0 84 7.0 ... . .. . ... ••• 
•·· • .. ..... •·•. . .. 
o.o 15.0 88 6.8 
·••· . •·• ••• . .. ... ..... . ... ... . .... •-•·• ... •· .. 
o • .o 20 .. 0 88 6.7 . ..... ··•-• ••• • •• 
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Surtaoe wawr temperatures on .Auguat 18 and 19 were near the axl.m.wn. 

tor the aUJJlller and there.fore were very favorable to poisoning. There was 

a ,one or water, however, between 18 and 25 feet which still retained 

auft.Lo:lent o:q-gen to support fish and which 'MU rather oold (45°-5.3°F.) 

tor the beat efteota of the poison. An attempt to inorease the oonoentration 

of rotenone in this &one was made by dragging burlap bags oontaining derria 

through it. 

'fhe aquatio vegetation on this date was near its peak of abundanoe. 

Thia was partioularly true for the pondweed• (Potamogeton natane, 

!,:_ a.mplifolius) and the yellow water lilies (Nuphar advena). 

Some obaer-vations made on the invertebrate organilllU gave indioation 

that with the exception of leeohea, the general abundance of the -various 

groups in the lake•• about the aame aa in other aUJD11118r■• The leeches 

were undoubtedly draatioally reduoed by the first poiaon. The abaenoe of 

Oammaru• at this timt of year in Third Siater !Ake is not at all unuaual. 

We do not know the reaaon. kschnine dragonflies were very abundant in 

1pite of the apparent high mortality at the time of the fir1t poiaoning. 

Tadpole, were extremely nume:roue••no doubt the reaul t of ■pawning 

arter the f1r1t poiaoning and alao beoauae of the remova.l of the predatory 

f'iah. 

The only tiah obserTed to be preaent were bluegill• am pumpkinaeeda. 

Aa a reault of this poi1oning, ~ thousand young bluegill• and 

aunfish were killed. Part of these floated to the surtaoe and part 

renained on the bottom, there to decompoae and besom• engulfed by 

filamentous algae. The adult fish which were reooTered inoluded two 

largemouth baas, 12 large bluegills, one oommon shiner and one D1L1dminnow. 



-2.5-

Gill net aets and observations between the time of this poisoning 

and June of 1942 failed to nhow any fish lott in the laka. ITowever, in 

June of this year long-eared sunfish appeared. Sinoo this species was 

not present at the time or the first poiaoning, it is saf'e to aaaume that 

they came up the outlet during thf't extremely high water stages in June. 

Bxper,imenta ~ ~--'lha aw methods employed in the f'irst 

poi,oning to determine the diapera&l &nd effeotivene1s of the poison in 

the lake were uaed at the time of the aeoond pC1iaoning~ The tish uaed 

in the experiment• were oolleoted in :Ebron RiTer and included 3 .. 4 inoh 

bluegills, pumpld.naeeda and largemouth baas. Cages ~ontaining repreaenta.tivea 

of eaoh of these ■peoies wera plaoed at the surtaoe, 3, 6, 10, 15, 20, 

and 22 feet before the lake was poiaoned. The oages were examined 24 hours 

after the poisoning. At this time the fish in the traps at and above the 

15-foot level were all dead and those below the 15-foot level were all 

a.live. 

A• previoualy de1oribed, powdered derria was distributed at depths 

between 18 a.nd 25 feet. The oages were li f't ed again in 24 hours and all 

f'iah were dead in thoae bel01r 15 feet. 

A seoond series of experiments was oonduoted to te1t the relation 

be't.ween temperature and tcxioity of the water at various deptha in the lake. 

Samples of water w•re oolleoted from. the lake aurfaoe and at depth intervals 

of five tfft- dawn to and including JO .feet 48 hours after poi1on was intro

duced. The•• were taken to the laboratory· and used in the experiments. 

Fish were introduced ini::o several jars filled with water t.rcn the aama 

sample. TheH jars were then naintained at different temperatures and 

records were kept of the length of time before the first signs of diatreaa 

and at the death of the .ti.ah. The re1ults of theae experiment• are given 

in Table 6. 



Sulple 
clevth 

Surtaoe 

5 feet 

10 teet 

15 tee'\ 

20 teet 

25 tfft 

30 teet 

-

-26-
'lable 6.--'lhe relation between temperature and toxioi t;y of treated lake water 

(UIB • x.rgeaouth bau J PS • Puwpk1 n■•ecl) 
JU&pHd 'tl.lll A.&.al)99Cl tiJII 
to diatrea1 to d•th ot 

Taap3rature, of fir1t ti.ah, ~•t thh, 
SUmle SNoie■ r. (minutH) (llimltea) 

.l. 2-um 45 ••• • •• 
l•PS 

B 2-um so 40 10 
l•PS 

0 2•lllB 
l•P8 

so 50 90 

D . l•LIOJ 50 60 125 
l•JIB 

I l•LIIB 50 1P 6o 
p 2-Pa 50 120 210 
G 2•L111 . 74 10 lS 
H 2•P8 74 10 20 
I 2•!&4pole1 74 .... • •• 

A l•PS 50 95 140 
. l•LIIB 

B 2-PS 57 125 180 
C 2-LllB 57 20 JS 
D 2-IJIB 74 15 20 
B 2-llffl 74 15 25 
F 2-TaclpolH 74 . .... ••• 
G 2-um 4, ••• ••• 

l•PS 

A 2•PS 56 •• • ••• 
B 2-um S6 ••• 185 
C l•PS 74 10 2, 
D 2•P8 74 30 10 
I l•PS 74 1; 25 
r 2•L11B 47 ••• ••• 

l•P8 
a 2-fadpolH 68-72 . ..•. ••• 

A. 2-JtS 50 ••• ~ -
I 2-l,118 so • •• 125 
C a-um 74 10 24 

A 2•LIIB 74 ..... 198 
B 1-PB 74 ••• . ... 
C l•PB 10 .... . ... 
D l..PS 10 .... JOO 

A l•PS 68-74 ..... .... 
l•U:4B 

B 1-PS 70-74 .... .. .. 
1-um 

C 2-um 75 ••• .... 
A 2-um 70-74 • • • ••• 
B 2-PS 70-74 ••• • •• 

AJ.1Te a-t 
terminati·on 

ot 
•!i•l'1.lunt 
, houn 

... 
••• 

••• 

••• ... 
••• 
••• 

2 day• 

••• 

... 
••• 
••• 
••• 

2 day• : 

S houri 

6 houri . 

••• 
••• 
••• 
••• 

S hour• 

2 ~-

• •• 
••• 
••• 

• •• 
2 •1• 
2 clay• . .. 
2 ciq• 

2 days 

2 day• 

2 day• 
2 day1 
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None of the experimental fish placed in 'Water !'rca the 25- or JO-foot 

leTels died even at higher tempera·tures and none of -the ·~dpoles died in 

any of' the axperiments. At any giv6n t~mperaturt3 the el&paed "1o1.U1e before 

the dee.th of the tish progre1rni vely inorea.sed from the surfa.ce to 25 .feet. 

Thi• quite def'ini tely shows that the nu.:-faoo water coutai.us a higher oon

oentra.tion of' the poison. At e. tanpera.ture of 45°F. !'iah were not affected 

even when plaoed in sur:l'a.oe wuto1·. In general. down to the 25-foot level, 

where .fish died they did so more quickly a.t :t-.igher t&n.peratures regardleu 

of the depth of the sample. 'fl1ere was a marked difference between the 

time rec1uired to kill largemouth be.ss and pimpkinseeds under the aame 

condition. At 50°F. pumpkinaeeds survived~ hours long~r th-.n largemouth 

bass. 

'Water samples taken from the surface, 5, 10, 15 and 20 feet, J2 houri 

after poi1oning, were u1ed for laboratoey experiments. Both largemouth 

bau and pumpkinaeedsdied in the •te.r tram the avtaoe. $-and 10-foot 

lewla within 90 minutee (temperature 72°1.). Fiah plaoecl in lf&.tor from 

the 15- &nd 20-foot levels were atill alive at the tenain&tion of 1h11 

ezperiment 2 days latsr (tsaperature 72°F.). 

Experimenta ~ ~-~ organiea.-A mun.ber of experllunt• oonduoted 

during the first poisoning to test the effect of rotenone on some ot the 

invertebrate3 were repeated during the aeoond poisoning. Several apeoiea 

o!' invertebrates oolleoted in the lake were confined to oages and placed 

juat below the surfaoe and at the 2- and 4-f'oot depths prior to poisoning. 

No Chironomus or Corethra larvae from ths8 deep wa.tar were used in theae 

experilllentr because it was known that the.e forms would not live for any 

length of time in the -warmer sur!'aoe water even before poisoning. No 

GaDaarua •• a...ailable in tho lake at the time of the 1eoond poisoning a.nd 

10 was omitted trom the experiment•. 
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Cac•• were UNiined •• 8T au tu de&4 organi- wre oomt.wd and 

r-.cr,ed.. The following able (7) gi'fta the re■ults of the" experillent■ • 
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Table 7.--:Mortality of fish-food organisms when retained in treated 
lak e wat er from t he surface, 2-foot a:rxl. 4-foot deptha 

Surface 2 feet 4 feet 
Number of Hourt Number of Hou.re lfwllb•r of 

Orum.am ors:ani.lJU to death or,:ani 1DUS to d-.th organime 

Leeohea ... 12 ... ... • •• 
Snula 

~ ... ., 

~ ... Planorb11 ••• ••• 2 

~ ... 4 
~ ••• i ... ••• ••• 
~oola ••• 'v ••• . ..• o,' ••• • •• 

Amph1poda 
b ••. b ••• !\rl•ll• ••• • •• ••• 

Am.aoptera n,mpha 
J, ..• Libelluline ••• • •• t ··· ••• 

Qomphin• ••• t ··· • •• ••• • •• 
AHolmine 4 ••• . .. 3 48 

3 48 ••• 1 24 
Zygoptera nympha •• • t ... ••• i-' ••• • •• 
Triohoptera larY&e ••• ••• ••• ~ ... • •• 
MidgH • • • ¢ ••• • •• ~ ... ... 
Tadpole■ l 24 2 48 s 

3 72 2 f' ••• 1 
1 96 • • • ••• • •• 
1 ¢' ••• ·' • •• • • • ••• 

Duration of 

Hour• 
to de&th 

••• 

72 
~ ... i ... 

• •• 

-0, ••• 

t ··· ••• 
~ ... 
~ ... 
.:a,, ••• 
~ ... 
~ ... 
l 24 
v ••• 

••• 
••• 

eroeriment 8 day1 3 d&ya hd&n 

~ All li Ted for duration of experiment 
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Tho rosu.lts of these experiments a.re in most respeots similar to 

thoee aeoured during the first poisoning except for the aesohnine dra.gon.fii••• 

As has been dosc:;.•ibed above, all of the dragonflies of this group died very 

soon in the oages in the first poisoning experiments but tJais was not the 

case in the second poieoning. A few died a.t the end of 24 hours but mo1t 

of them 1i ~,@d 4B !'lours or longer . and several were still a.U ve 'When the 

we. ter ,ms no longer toxic to i'i flh• A few 1.ndi Ti.duals 1rero observed to 

:survive high conoe:1.tra.tiona of derris near the dook where the -povld.er and 

water were mixod. 

From these experiments and observations on the invertebrates in the 

la.lee it is evident that oertain orga.nismE s.ioh as leeches, Corethra. and 

a.esohnine dre.so.n:f'lles may be serioualy reduoed by the treatment of the lake 

'With derris pomler. On the other hand, :tt ia e1'ident that most of the 

invertebrate orge.nimns are not serlou,ly af'feoted by treatiunts or thia 

kind. 
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