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ABSTRACT

Rotencne was first used in Michigen as & fish poison in 1934,
Since that time, 73 lakes and ponds have been trested to eliminate
undesired specles, Various preparations that contain rotenone have been
used., Powlered derris and cube have been employed most often, but
recently emulsifiable rotencne and Fishtox have come into the picture.

With only one known exception, lakes treated with the powder prep-
erations have lost their toxicity within one month after treatment. On
the other hand, 10 of the 17 lakes that were treated with either Fishtox
or emulsifiable rotenone have remained poisonous to fish for longer than
one month; Fishtox was applied to six of these lakes and emulsifieble
rotenone to four of them. Duretion of toxicity after these Fishtox
treatments has ranged from more than 8 months but less than 13 months to
more than 28 months but less than 36 months; ocne lake was poisoncus after
33 months. Duration of toxicity in the four lakes in which emulsifiable
rotencne was used ranged from more than one month but less than 8 months
to more than 9 menths but less than 13,

There was pronownced reduction in numbers of fish-food organisms

in five lekes trested with Fishtox and in one lake treated with emulsifi-

Gv/&\ eble rotenone. More than double the quantity of toxicant that usuelly
W |
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has been employed wes used in each of these lakes. It wes -nspected that
- the ﬂlhtox used in these ﬂater- contained some pouon, or posatbly
nymrgintic poisons, besides rotenone.

As & result of these cmriencu, tests were run on the ofreét of
various rotenone preparations on bottom fish-food animels end on fish for
o couparuon of effects. |
o On 8 1ske thet vas trested with the emulsiﬂable product and vhich
rcnained toxic more than 8 mnthn, botton sanples were col].eeteﬁ bcfore
and aﬁ:er treatmt. Bere the poiscn ugniricuntly atfectcd. only one
| mwrtebrate organlsm, the phanton midge Chaoborus sp., and this anml
o 5howe¢ rvcmry in nusbers 13 nonths after the lake hald been treated.
| ﬁhoratory experiments were carried on in aquaris on several .kinds
of invertebrates with emulsifisble rotenone, cube powder and & mixture
‘of cube 2ad & household detergent, Tide. Each rotenone-bearing prepara-
vtion wag used at & concentration of 1.0 p.p.m. The midge Tendipes decorus
wag .tha only bottom invertebrate that was sericusly affected, and there
wag no apparent difference in effect of the three compounds on this specles.

Laboratory tests were run on bluegills with the sams three kinds of
preparations that were used on invertebrate animals. Included in these
tests were tvo different concontraﬁou of the toxicants (1.0 p.p.m. and
0.5 p.psR.), water of two different temperatures, and vaters that varied
in alkalinity and color. The emulsifiable product generally killed fish
sooner than did either cube powder or the combination of cube and Tids.

Neither field experiences nor the laboratory tests indicated thet
soft weter remeains toxic longer than herd water upon treatment with
rotenone. Iskes with outlets _have stayed poisonous for shorter periods

of time than heve landlocked lakes.
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Although the initisl cost of emulsifieble rotencue exceeds that of
powdsred derris epd cube, the grester sase of mixing snd spplying the
_emulsifisble product belances thils difference to some dsgres. Further-
mors, the emulsifieble rotencns does not cause discosfort to the vorkmen
as the powdered forns often do, and 1t disperses more resdily, theréby
.li"}ﬁ?&.b“ﬂr 4insurance of complete kill of Fish.
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Nearly tweaty years have elapsed since pionsering experiments
vere carried out in Michigen on the use of rotenocue as & fish
poison to eliminate undesired species present in lakes and ponds.
Since that time eradication of fieh populations with rotenone,

folloved by restocking, has become a widely used procedure, Soclman
(1950), Smith (1950), end Krumholz (1945) heve published swumsaries
of the extensive literature on the use of poiscns in fisheries
mansgement., In Michigsn and other states povdered derris root and
cube root were wsed until several nev types of rotencne preparations
became aveilsble., The products nov marketed that have been commonly
employed include a wetsbls paste containing 3 per cent rotencne and
an smulsifiable liguid with 5 per cent rotencns, maanufactured by

8. B. Penick and Company, Mev York, and 2 preparation s0ld under

the trede name of Fishtox by the Standard Supply Distridbutors of
Wenatchee, Washiogton., Neither suulsifiable rotencne nor Pishtox
requires the laborious mixing prior to application that powvilered
forms of rotencue require. Moreover, they spparently disperse more
thoroughly throughout the water than do the powdered preparaticms.
In Michigan, however, certain 4difficulties have been encountered in
using these two products. A number of lakes treated with emulsi-
fisble rotenone end Pishtox have remained toxic for long periods of



of time (for st least 33 months in one instance). These products

apparently have killed appreciably more bottom fish-food organisms in

several lakes than ordinsrily occurs when powiered derris or cube is
used,

The purpose of this paper is to summerize observations on the
biological effects of emulsifisble rotenone and FPishtox on Michig#n
lakes 2nd to report the results of recent laboratory and fleld tests

on toxicity of rotenone compounds to fish and invertebrate animals.

Methods

In general, methods employed in applying fish poisons to the
lakes menticned in this paper were those that have been widely used.
Powdered derris vas mixed into & thick agqueous suspension, a&nd sonme
vater wes alsc used with the emulsified rotenone., Fishtox, vhich
came in the form of a thick paste, was likewise premixed with water
before application. Porteble puups operated from small bosts were
used to distribute the suspension of powdered derris or the diluted
emulsifisble and Fishtox prepareations over the lake surface and
into the depths. Usually the products have been used at a concen-
tration of 0.55 p.p.m. Most applications were made in the latter
part of August or early in September vwhen water temperatures are
high enough to make the poison effective snd vhen the deeper parts
of stratified lakes contain little or no oxygen and thus do not
require treatment. However, concentrations were nearly alveys

dstermined on the basis of the entire volume of the lake. Most



treatments msde since 1946 have been by the Lake and Btream Improve-
ment Bection of the Fish Division, Michigan Department of Conservation,

In fizld studies on the effect of fish poiscns on bottom
invertebrates, a 6-inch x 6-inch Eiman dredge ves used for bottom
sampling, Smle; were sieved through & No. 30 wire wesh screen,
and were sither sorted in the fresh state or else vere preserved
vwith 10 per cent formalin, In the laboratory, crgenisms in preaémd
éo}.iectiom vere separated from the detritus, identified, and comf.'el.

Fish used in toxicity tests vers bluegills (lepomis mecrochirus)
that averaged tvo imches in length, Invertebrates tested in the
lsboratory were: dragonflies (Libellula, Leucorrhinia, _E_z:na_g_u_i_g),
damselflies (Enallagms), lesches (Brpcbdells punctata), midge larvee
(Tendipes decorus) and Cladocers (Daphnia wsgns). The test fish and
mmhre.us,. except midge larvee aod Dapbnis, were collected near
the public fishing site at Whitwore Jake, Washtenaw County., The
nidge larvae came from the Huron River Just below the outfall of the
- Ann Arbor sewage disposal plant. Daphnis magna were from a culture
meinteined by the Fish Division of the Museum of Zoclogy, University
of Nichigan.

In .au toxicity tests st least three experimental animels were
used, Tests were carried ocut {n ope-gallon pickle jars, PFish
poisons were tested in combination with e varisety of lake waters.

The wvaters used, thsir methyl-orange alkaliaity, eolor, and pH are
given in Table II,
Fish and invertedbrates were conditioned in the test water for

one hour before each experiment. In most cases, dwlicate experiments



vere run at room temperature (70°-75°F.) and in a water bath of Ann
Arbor eity water vhich veried in temperature between 60° and 66° ¥.
Compounds tested were emulsifisble rotenone (Liguid Noxfish; S. B.
Penick & Co.) that contained 5 per cent rotencne, powdered cube root
that also had 5 per cent rotenone, and 2 mixture of powdered cube

root and the household detergent Tide.

History of fish eradication

Since the start ef the poisoning program in 193%, 73 lakes end
ponds have been treated by the Fish Division, Michigen Department
of Conservation, Nearly all of the applications have been made to
eliminate undesirable populations of warm-water fish, After detoxi-
fication most of these lakes have been plented with trout. 8everal
of them have been treated two or more times, either because werm-
water fish vere reintroduced afier the imitial treatment, or because
the kill wves ilncomplete, Emulsifisble rotenone has been used in 7
lekes and Fishtox was used in 11 lekes, including one leke in which the
tvo preparations were applied at different times. In 56 lakes the powdered
form of either derris or eube root has been used. Incomplete kills of
fish have been reported from use of all three poisons. Most instances of
incomplete kills have spparently been dus to inadequate distribution of
the poisons. Fishtox used in treating lakes in 1949 effectively eradicsted
the population of only one out of six lakes in which 1t was used. The
poison was believed to have been below standard in strength in these treal-

ments. Krumholz (1950); Smith (1950), guoting Alderdice, 1949, Anthony,



1949, and S8aith, 1949, report trestments in which Fishtox failed to
be effective.

Although powdsred derris and cudbe root are the lesst expensive
of these preparations, both are difficult to mix snd apply. The
powdar must be premized with weter hefore it can be effectively
applied, The sddition of » smnll quantity of detergent (e.g., Tide)
appears to ald in mixing the powder. If the cost of lebor snd
supervision is incluled in cost estimates of lake poiscning, the
poviered form of rotenone mey prove to be the most expensive. JYurther
cousidarations, such &s the discomfort encoumtered by peruoml
inheling ths povlered rotenons dust and the more cowplete disperse.
mant of the emulsifisd product, make the latier more desirable for

fish eradication,

Betoxifieation of lskes after treatmsnt

Dissipsation of rotencme in lskes after treatuent oﬂmrily is
rapid. The practice in mcm has &cn to wait 30 days after
poiscning before restocking. Before plantings are mede the lake
usually is tested by placing fish in containers snd observing their
survival, Alkslinity, turbidity, sad tempersture sre thought to be
some of the fectors that influsnce the rate of dstoxification,
Clemsus end Nartin (1953) found thet clesr-water ponds of low
alkalinity (16 p.p.m.) treated with emulsifisble rotencms lost their
toxicity in three to six days, vhersas in clear ponds of high
alkalinity (60-284 p.p.m.) detoxifiention took one to three days.
Turbid ponds of high aslkalinity tcok oms to two days longer.



Bissipation of rotencne was slower during the vinter than the summer
months, N'Gonigle and Smith (1938) reported that McCormick Lake, &
Howa Scotian lake of lov alkalinity treated with povdered derris,
remained toxie for about one month,

In 11 Michigan lukes, trout have failed to survive vhen tested
or planted one month or more sfter treatment with verious fish poisocuns.
Mehtox vap used in six of these lakes, emulsifisble roteacne in fouwr,
and powdered derris root in ome lake (Pable I). Pive lakes located
within the Pigeon Riwvar Trout Resesrch Areas, Otsego and Chedoygen
counties, heave remained toxic to trout 18 monthe or ionger after
trestment with Pishtox. These lekes vere poisoned in September, 1950,
The concentration of Fishtox wes higher (1.2-1.7 p.p.m.) than in other
treatments becaouse the previcus shipment 1 1949 apparently vas below
norusl strength, as msentioned before, These lekes were toxic when
tc!‘«d in the spring apd fall of 1951, and in the spring of 1952,
fests made in September of 1952, hovever, indicated that all of the
lakes had recovered. Accordingly, brook trout (Sslvelinus fomtinalis)
vere planted in October, @ood returns from these plantinge were
obtaiued from West lLost and South Twin lakes, but no fish were
recovered from this plaating in Iost end North Twin lakes, snd only
ons trout was caught from Hemlock lmke, The fellure of these plantings
in lost and North Twin lakes, after tests made in September of 1952
had indicated loss of toxicity in surface waters, suggests that toxic
substances were absent i{n the upper vater but wvere present in the
hypoliznion or in the prottmﬁnl mud, and were dispersed throughout



TABLE I
SUMMARY OF PHYSICAL AND CHEMICAL DATA AND DURATIOR OF TOXICITY
IN SOME LAKES TREATED BY TEE MICHIGAN DEPARTMENT OF CONSERVATION

WITH FISBTOX AND EWULSIFIABLE ROTENOME

lake and County Area in | Maximum{ Depth of Conpected Methyl Date Rotenone product Observed duration of
acres depth [thermocline streams orange treated used, p.p.a. toxicity in months
in feet| in feet alkalinity,
P.P.B. More than | Less than
Hilltop, Gogedbic 22.0 Sk 18-27 None 4.6 Aug. 8, 1949 Fishtox 0.55 * 2
Perch, Marquette 23.7 23 16-19 | Nome 2-3 Aug. 9, 149 | Pientox 0.55 . 1-1/2
Aug. 12, 1949 | Pishtox 0.55 +
Dutch Pred, Schoolcraft 27.5 ks 20-27 None 35 Oct. 24, 1949 | Derris apd Fishtox 0.55 L 1/3
Aug. 15, 1949 | Pishtox 0.55 +
O'Brien, Alcons 10.3 30 12-21 Outlet 162-172 Aug. 14, 1950 | Pishtox 0.55 - 3
Iolet ’ Aug. 10, 1949 | Pishtox 0.55 +
Wilson, Marquette 26.7 22 12.21 Outlet 52-54 Aug., 1950 Fishtox 0.55 8 13
Hemlock, Cheboygan 5.9 64 15-26 Hone 160-198 Sept. 25, 1950 | Fishtox 1.5 19 2u
Lost, Otsego 3.5 55 15-23 None 144193 Sept. 25, 1950 | Fishtox 1.2 33 »
West Lost, Otsego 3.7 bh 15-23 None 133-146 Sept. 25, 1950 | Pishtox 1.2 19 2k
South Twin, Otsego T 3.9 3b 15-26 | Kone 106-110 | Sept. 25, 1950 | Fishtox 1.2 19 24
North Tvia, Otsego 9% 4 ub 20-26 Kone 43-50 Sept. 25, 1950 | Pishtox 1.2 28 36
Section 4, Otsego 2.6 T2 15-23 None 149-198 Sept. 25, 1950 { Emul. rotencne 1.7 9 13
Aug. 13, 1949 | Fishtox 0.55 +
Holland, Luce 5.2 22 15-20 None 18-23 Oct. 24, 1649 |Emul. rotenone 0.55 1 8
Tank, Luce 36.0 51 16-27 Intermittent 3-6 Aug. 10, 1950 |Emul. rotenonme 0.5 1 9
outlet
Irwio, Alger 10.0 38 15-25 None 5-10 Sept. 12, 1951 |Emul. rotenone 0.55 8 13
Kot Inlet
Blair Pond, Marquette 13.7 7 present Outlet u5-46 Sept., 1951 Emul. rotenone 0.75 L 9
Not Inlets (&)
Portage Creek Pond, Jackson 12.6 8 present Outlet 192-195 March 31, 1950 |Esul. rotenome 0.35 - 2/3
Roland, Barags Lo.5 22 10-15 Outlet 11 Sept. 2, 1953 |Emul. rotenone 0.5 - 2
“ ‘Y . i i
VWeber, Cbeboygan % 31.0 b1 20-32 | None 3-10 Aug. 19, 1548 |Powlered derris 0.55 2 11

* Kot determined.
& Weber Lake is included because of the slow detoxification after treatment with povdered derris,

* Incomplete kill.



the lske at the time of the fall overtwrn. Weter samples collected
from the hypolimnion of Lost Lake in August, 1953 (33 months efter
treatment) killed bluegills within two houre. This water had been
aerated vith a standard aquerium serator for 24 hours before the test.
At the time of the experiment, the dissolved oxygen concentration was
8.3 p.p.m. Bluegills were tested esimilarly vith water from North
Twin lake and survived for the duration of the teet (four days).
This species also lived through 2 96-hour test made after the bottom
water had been circulated for 24 hours over & sample of the profundal
mud. of the lake, The result of the latter experiment suggests that
the toxic pr&perty of the vater was removed by some type of chemical
exchange that took place at the surface of the aerated mud. A
qualitetive chemical test for rotenone made on the bottom water of
Lost lake, using the procedure outlined by Seila (M8,), was negative,
Eisto].esical examination of the gill filaments of & fish that had
died in this water (made by Dr. L. N. Allison, Fish Pathologist,
Michigan Department of Conservetion) showed no sign of the type of
damage to the gill epithelium that is characteristic of fish killed
vith rotencne (Danneel, 1933). This finding vas further evidence
that the toxic chemical was a substance quite differsut from
rotencne in physiological action, | ,

0Of seven lakes that have been treated with eMsiﬂabl« rotenone,
at lsast four have remained toxic cne month or longer. Section 4 Lake,
Otsego County, was toxie for at least gtne months after treatment.
irvin Lake, Alger County, retained its toxicity for at 1§ast eight
months. The other two lakes were toxic in the fall for about one



mounth after treatment but were suitable for fish the folloving
spring. One lake (Webear lLake, Cheboygan Cowmty) im vhich powdered
derris ves used, apparently remained poisconcus for at least two
months, It wvas planted with trout spproximately two months after
treatwent, and at that time there was no indicetion that the water
was still toxic. About a wonth later, however, large nusbers of
desd trout appeared on the shores. Subsequent netiings indicated
that all of this planting hed 4ied. Iu this lake, as in lLost apd
North Twin lakes where the treatsent was vith Pishtox, mortality
apparently 414 not occur imsedistely after stocking but may have
occurred coincidentslly with vater movement during the fall overturn,

Iaboratory tests on toxicity of rotenone compounds to fich

Isboratory compariscons of the length of u-é blueglills survived
in emulsifiable rotemone, cube root, and cube-Tide mixtwre indicated
that in copncentrations of 0.% sod 1.0 p.p.m. emulsifiable rotenons
kills fish socuer than either of the powdered preparstiocns (Tadle II).
Similar conclusions resulted from field tests of powdered dorris and
emulsifiable rotenone made in Florids by J. ¥. Dequine (cited by
Solman, 1950). All laboratory tests made with lover concemtrations
of rotencus (0.1 p.p.i.) gave highly veriable ﬁlﬂu; some fish
survived the dwration of the experiments (96 hours) ia ell three
preparaticns, vhile others died within 48 howrs, Such high varia-
bility suggests that as the minimum lethal councentration of poisen
is spproached, survival time 13 strongly influeoced by (ndividwel
differences. A comparison of length of swrvival ia the three lake



TABLE II

\
TIME IN HOURS AND MINUTES SURVIVED BY BLUEGILLS, LEPOMIS MACROCHIRUS, IN

VARIOUS ROTENONE PREPARATIONS

Methyl-orange Color, pH range Mean Control Emulsifiable rotenone Cube root Cubé root and Tide
Water source alkalinity, p.p.m. temp.,

p.p.m. °F. 1.0 p.p.m. 0.5 p.p.m. 1.0 p.p.m. 0.5 p.p.m. 1,0 p.p.m. 0.5 p.p.m.

Whitmore Lake 108 less thaan 10 8.0-8.2 Th T2:00 * 0:30 0:40 1:10 1:45 1:30 1:15

Washtenaw County 64 72:00 * 0:50 1:10 1:35 2:10 1:35 3:10

Spruce Lake 154 107 e 75 96:00 0:20 0:25 0:35 1:40 0:55 1:30
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 T5 96:00 Not tested 1:00 Not tested 1:00 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.

Ql
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waters tested (Table II) suggests that fish survived longer in vater
of lov alkalinity (Weber Lake) than in water of high alkalinity.
These data, however, fail to indicate any relationship between wvater
color and survival of fish.

Samples of Whitmore Lake water containing 1.0 p.p.m. of emulsi-
fiable rotenone, cube root, and cube-Tide mixture were stored in the
leboratory for 30 days and were then tested with bluegills &s in the
experiments just cited. None of these samples was toxic after storage,
- tpAfcating that all three ‘preparations dscompose rapidly at room

temperature.

Toxicity of rotenone compounds to invertebrates in lakes

Fumerous field studies (Smith, 1941; Brown and Ball, 1943;
Hooper, 1951) and lsboratory tests (lLecnsrd, 1939; Hamilton, 1941)
have been made on the effect of powdered derris upon plankion and
bottom fauna invertebrates, Most of these studles have indicated
that powdered rotenocne compounds in the range of concentration
ordinerily used in fish ersdication (less than 1.0 p.p.m.) seriously
affect only the planktonic crustacea. Repopulation by erustaceans
ordinsrily 4is repid, and thg eppearance of Daphnia following poison-
ing hes been used as & sign that the lake 1s suitable for restocking
(Bemphill, 1954).

The most serious reductions in nwbers of bottom invertebrates
reported for Michigan waters due to the use of fish poisons occurred
in six lakes of the Pigeon River Trout Research Area treated with
Fishtox and emulsifisble rotenone in September of 1950 (Teble III).
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TABLE III

AVERAGE NUMBER OF BOTTOM FAUNA ORGANISMS PER SQUARE FOOT IN LAKES

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 k4 Emulsifiable 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

—— e
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Texner (1952) stuldied the influence of fertilizer upon the production
of bottom aniwals in 1948 and 1950, and alsc folloved changss in the
bottom fauns following poisoning im 1950, The dsta supplied by
Tanuer (Teble III) shov that a drsstic reducticn of bottom fawme
organismss took place betwesn 1950 and 1951. Since this reduction
oceurred in thes wnfertilized lakes (North and South Twin) as vell as
in the fertilised lskes (Lost, West Lost, Hemlock, and Section &),
there {8 no evidence that the cbserved changes resulted from discon-
tinuing fertilizstion, Tanner reports (personal cosmmunieation) that
destruction of populations of crayfish, scwls, mayflies, dregonflies,
and midges was complete in the five lakes treated with Rishtox,
Orayfish, scuds, end dragonflies survived in the lake (Bection k)
treated vith emulsifisble rotenone, although thelr nwibers were |
greatly reduced, Such msss destruction of hottom-dwelling inverte.
brates appears to be wnique 1a records on lake poisuning.

Because the preceding experience indicated that high comcantra.
$lons of emulsifiable rotenont end Plahtox could be rether destructive
o bobtom invertebraies, furtber stuiies secemed desirable to determine
vhether lover concentrations of emulsifiabls rotencme would also
&pplm:a populations of these animals. Consegueatly & field inwvesti~
gatton vas wads on Irwip Iake, T. bk N., R, 19 ¥W., Bec. 12, Alger
County.

This laks has & surface area of 10 acres. It has & saximus
depth of 36 feet and a mesa depth of 14 fest. The 5-foot depth
coatour is cloge to the boggy shoreline. The botiom soil nsar shore,
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snd extending cut to depths of from 5 to 10 feet, 1s & detritus
u_i:em composed chiefly of woody plaut tihers. The soil {n deeper
places is an coze that is commonly ciassed ss pulpy pesat,

The water of this lake has sometines boen colored a faint browm,
while at cther times it has appeared colorlsss. Methyl orange
alkalinity values renge from 5 to 10 p.p.m., &nd the pH 12 sdbout 5.2,
Pissolved oxygen has been found well dowva into the ecld-vater strata
in summer, 8o the lake is considered sultable for trout.

The lake supports very few plants other than & woss that grovs
in fair sbundeuce on the bottom. 'This moss has been tdentified as
 Dychelyms ep. by Br, E. T, Darlington, Professor Bmeritus, Michigsn
State College.

Although brook trout bad beem stocked here the spring preceding
the treatment with rotencne, the yellow perch (Perca flavescens) was

the only species of fish that the poisoning revesled, The preceding
vinter three msn who fished for two hours on Irwin Iske caught 200
perch that renged from 5 to 12 inches in length, A 125.foot gill
net set over night (Septesber 11.12, 1951) took 18 perch that ranged
from 7.6 to 9.5 inches. Exaainstion of scales frow thes: fish showed
that they hed grown at the average rate for Michigan waters,

Just before trestment vith poison, & series of 3 bottom samples
wvag obtained with an Ekman dredge on six transects that were
established on the lake, The transects were latd out so as to
distribute sampling effcrt rather wniforaly. The leke was treated
vith & 0.%5 p.p.m. concentration of emulsifiedle rotencne on SBeptember
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12, 1951 vhen the surface vater temwpersture vas 65° F. Tvo men
‘applied the polson ia three hours time, |

Yellow perch surfeced 1o distress shortly mer trestuent began.
Despite previous indications of & sizesble population, relstively few
deed perch sppeared om the surface st any time folloving the polsoning.
Presussbly the great majority of the fish settled to the bottom and
naver ﬂcamy ta.m uwmv The gill net pﬁﬂamly'm was reset
in lta former 1ocat£an but failed to cateh anmm tn 6’{ mm,
the ki1l vas asam +0 have ‘bun ‘complete, |

Puring September 14-16 sad om October 1, 1951, bottom samples
vere again collected at the locations pmimly estadblished. On
'Mmr 17 the fmieity of the vster mtomﬂ; ‘hy ismersing brook
trout mntmwmuumn in the Ialm, one mammam
‘,Mmuthm surface nesy m&u&mmr latetthml fish in
desper vater. After three howrs all the tmatmptm in the con-
tainer nesr shore vere desd, end this one vas aurly dosd. AJL the
~ fish hed m distreas after one w M pmmn M (Chaoh
larvae had besn seen on the surface in considersble numbers the dsy &

sfter polsoning. On Oetdber 17 there also were many of these larvae
 that had washed wp to the shorelime, |

| | The fourth series of botton samples vas collected from Irwinm
Lake on May 1h, 1952, and & test for toxicity ves repeated, Powr
 ratubov trowt (galmo gatrdneri) vere suspended in a stanov patil
liner at 18 feet (vith sufficient oxygen assured) vhere the lake was

23 feat dewp; another container holding four ralobow trout was placed
about ope foot below the surface at the shoreline. At the end of 21
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hours all the fish nesr shore were still alive, as were those at 18
feet after 16 hours. After 46 hours three of the four trout im the
shoreline container were dead and 211 were deed sfter 41 hours in
the container set at 18 fest, A control lot of trout that had been
placed in neerby Indisn River survived throughout the dwration of
the test.

The last group of 3k bottom samples vas taken dwring October 29
and 30, 1952. The lake had been planted vith 850 brook trout (that
sveraged 6.8 inches in length) on Octcber T after test fish intro-
duced by hatchery psrsonnel had survived., Ancther tett ves made during
the time of the bottom sampling, on October 29 and 30. Brook trout
vere placed in the shallovs and also in a deeper part of the lake,

"All of the fish (four in each ecmtainer) vere slive after 28.1/2
hours, &t which time the test was terminated. |

As for the effect of the rotencne treatment on botteom orgznisus
in Irvin lake, there wvas no indication of complete destruction of
sny of the various groups that appesred in the ssmples. Some kinds
appesred so sporedicelly in dredge hauls that 1t ves difficult to
deternine vhethar their ebsence in a particular set of ssmples
indicated that they were not present at the time of sampling, or
vere merely missed in sampling (Teble IV). Only four grouwps of
animals vere present in sufficient nwuabers to emable statistical
apalywis of sampling variation (Tadle V). All of these were aguatic
Diptera, Confidence limits at the 95 per cent level were caleculated
for the mean number of each of these groups present during the
various collecting periods. When the number of organiems collected
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ves large (at leest 25), the inherent skewness of the distridution in
mnmrordmimpu sample vas disregarded eod & normel
spproximation vas used to calculate confidence limits, When the
total nusber of orgauisms wvas .@n (1.e., ins than 25), coufidence
1inits for the Polsson umﬁmtm wire used, The wide confidence
limits cbtained clearly shov the high verisbility chtained in
Mnn_j (Peble V). Bince limits mrm broedly for Tendepes tuxis,
Tenytarsus jususdus, and wembers of the Pelopiinee, the differences
beatvesn unai on various collecting dates are not significant, Omly
for the phantom midge (Chacborus sp.) 4s there clesr evidence of
population changes between sampling dstes, Petween Septesber 14.16
and October 17, 1951, & large part of the population dissppeared from
the lake. The nvmerous desd larvse cbserved shortly sfter the luke
was treated, and ai‘oo about a month theresfter, indicated that this
decresse in nusbers wvas due to poison rather than fall emsrgence of
the imsects., Hecovery of the Chachorus populstion vas fndicsted by &
significant incresse in nmmbers by October 29, 1952. These 4ate and
ohserveticns point out once again that Chachorus is more valnerable
to rotencne then are other aquatic Diptera. Extensive mortality of
this midge has alsc been noted vhen powdered rotenone compounds vere
used (Meshesn, 1942; Brown and Ball, 1943). This valnersbility way
well be related to the fact that the larvae are both limnetic and
benthie in thair habits.



TABLE IV

AVERAGE RUMBER OF INVERTEBRATE ORGANISMS PER SQUARE FOOT BY DEPTH

RANGES IN IRWIN LAKE BEFORE AND AFTER TREATMENT WITH ROTENONE

(Lake treated on September 12, 1951)

8-13 feet 14.22 feet 23-35 feet
(11 Ekman samples each period) (12 Ekman semples each period) (11 Ekman samples each period)

Orgenism Sept. Sept. Oct. May Oct. Sept. Sept. Oct. May Oct. Sept. Sept. Oct, May Oct.

9-11 14-16 | 17 1k 29,30 9-11 14-16 | 17 14 29,30 9-11 14-16 | 17 1k 29,30

1951 1951 1951 1952 1952 1951 1951 1951 1952 1952 1951 1951 1951 1952 1952

Chaoborus sp. 6.2 k.0 4k 2.2 1.1 157.7 | 103.7 18.0 3.0 51.7 bg. b 35.3 5.8 2.5 61.1
Tendipes tuxis 12,4 | 15.3 k.0 1.8 1.4 L7 | 13.7 | 1.0 2.0 2.0 2.5 2,2 0.7 ok | ...
Tendipes plumosus eoe ves ves ves ves 45,0 0.3 [ +eo ‘oo eee cee .o cee ces
Tanytarsus jucundus | 13.8 | 13.4 16.4 [ 13.4 1.4 0.3 | s 0.3 | ... .. ..
Pelopiinse 21.1 9.1 24 4 1k.9 24,7 2.0 0.7 6.3 3.0 1.3 2,2 cee .o 0.4 .o
Heleldee 0.7 0.7 | «-- 0.4 0.4 .
Trichoptera 1.b 1.8 | ... cee ose - [ 33 ves “ne vee . oo cee oo

Zygoptera . ves .o vos vos 0T | «oa ves “es P 0.k | ... cee 0.k
Libellulidae 0.7 0.7 ces 0.7 cas vee 0.3 ‘oo eee cee oo cee cee
Ephemeroptera ves “ee ves ees eee cee 0.3 | ... 0.3 ] .ua ves voe e 0.4 | ...
Coleoptera ces cee ces cos ves ces vee 0.3 ] ... ces ves s ces ose
Corixidae ok | ... vee vee .ee ese ves ceo .en cee eee ... e - e
Sialls o | ... ok | ... 0.7 . .
Naididae vee cee ves vee 0.k 0.3 L7 | ... 1.7 2.7 oee . .en cee
Lumbriculidae 0.k e . coe eoe e 0.7 .o “ee oo ves .o oo .o
Hydracarina e ese oo coe vee 0.7 1.0 | ... vee ese cee ) “se .o cee
Hyalella .eo een eee 0ee .es ces coe “ee vee cos ves . “os o.h | ...

8|
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TABLE V

COMPARISON OF POPULATIONS OF CHAOBORUS sp. AND MIDGES OF IRWIN LAKE, ALGER COUNTY, BEFORE AND AFIER

TREATMENT WITH EMULSIFIABLE ROTENONE (SEPTEMBER 12, 1951).

MEAN NUMBER OF ANIMALS PER SQUARE FOOT

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

Chaoborus sp. Tendipes tuxis Tanytarsus Jucundus Pelopiinsae
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 0.0 0.6
157.7 8.4 13.8 21.1

1951 .75.5 14,k 38.0 41.6

Sept. 1hk-16, 47.8 k.2 0.0 0.0
103.7 b4 13.4 9.1

1951 159.6 24,6 3.k 23.3

Oct. 17, 7.2 2.6 0.0 k.1
18.0 9.2 16.4 2k 4

1951 28.8 15.8 51.0 L 6

May 1k, 0.6 * 0.2 * 0.0 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 2k, 7

1952 83.6 6.7 6.3 NN

* 95 percent confidence limits for Poisson frequency distribution used.

For explanation, see text.



ILaboratory tests on toxieity to invertebrates

All invertebrates except Duphnis snd midge larvae survived 96-
hour tests in emulsifisble rotenocme, powdered cude, and Tide, In
some tests there vas high mortslity of Dsphuis snd Tendipes in both
experimental and control gontainers. These animals vere particulsrly
difficult to maintein in the soft water from Weber Lake and the highly
colored bog water from Spruce Lake. Swrvivel of Tendipes decorus ves
incressed by providing detritus for case bullding. Tshle VI gives
resylts chtained with this specles in & concentration of 1.0 p.p.s|.
for each of the thres preparations tested. A test of independence
of the data of Teble VI gives thes following Chi square velues:

Control vs, all treatments 26,65
Eauisifisble rotenone vs. cube 1.13
Esnlsifisble rotencme vs, cwbe-Tide mixture 0.79%
Cbe vs, cube-Tide mixture 0.507

With 7 degress of freedos, X290 « 12.02. This thers is no reascn to
suspect differences in survival rate between pairs of trectments
grester then that to be expected by chance, Howewver, ithe Chi square
chtsined by testing ell treatments sgrinest the control is significant
at the 95.5 per cent lewvel, vhich indicates that all thres preparations
are toxic to midge lerves st this concentration.

Discussicn
It 4s surprising that sc meny Michigan lakes treated with emulsi-
fisble rotencne spd FPishtox remmined toxic for long pericds. Most
reports on the use of these producte in otber states and Cansda have
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TABIE VI

NUMBER OF TENDIPES DECORUS SURVIVING TREATMENT

WITH VARIOUS ROTENONE PREPARATIONS

Time in Control Liquid Noxfish, Powdered cube root, Powdered cube root,
hours 1.0 p.p.m. 1.0 p.p.m. &nd 1.0 p.p.m.
Tide 0.05 p.p.m.

0 20 20 11 20
2 20 20 11 20
5 20 20 11 20
16 20 19 9 17
26 20 17 8 14
32 20 17 8 1k
Lk 18 6 5 8

96 15 1 0 2
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been favorable on length of time required for detoxification (8ol-
man, 1950; Smith, 1950). It has been reported that Fishtox dissi-
pates itself within 30 days. The unfavorable reports on the use of
this product have been that even when used at high concentrations

(w to 2.0 p.p.m.) it 414 not assure & complete kill (Krumholz, 1950;
Smith, 1950, quoting Alderdice, 1949, and Anthony, 1549, and Smith,
1949). The fact that the water of Lost Lake was still highly toxic
to fish after 33 months, even though the gualitative test for rotenone
.m vegative, suggests that special dispersing agents acting alone or
synergistically rather than rotenone were responsible for extended
toxicity. Other factors possibly responsible for the persistent
toxicity of the Pigeon River lakes are: (1) the high concentration

of poison used (although higher concentrations that have been employed
elsevhere have not given such unfavorable results), and (2) certain
wnususl morphometric characteristics. All of these lekes are deep
and have large volume in relation to their surface area. This con~-
dition tends to minimize water circulatiocn in the basin so that there
is a proportionztely large volume of stagnant water during summer
stretification. Also, the ratio of water volume tc mud surface is
high in such lakes, If dissipation of toxie substances dspends upon
exchange of meterials between mul and water, which apparently was
true in the case of Iost Lake, then these lakes would be expected

to remsin toxic longer than those having & high ratio of mud surface
to water and having a more complete circuletion of water in the basin.
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The 11 Michigan lakes thai have remeined toxic longer than one
month have an alkalinity range of from 3.0 to 198 p.p.m. Such & droad
rangs suggests that vater hardness cannot be used to predict the time
necessury for detoxification. Comparison of tesis run in very soft
water of Weber Lake with tests in which water from Whitmore and Bpruce
lakes vas used, mmm to the ‘eoutury that survival of fish may be
greater in soft water m in hard wvater vbhen emulsifiable rotenone
is used. eoumr;;. ouly lskes trested with emulsifichbls rotenons,
one 1sks of the four that remsiued toxic longer thsa ome month has
s high alkslinity (Section b Leke). A second lake, Hollsod Lake,
bas & lov elkalinity (18-23 p.p.m.). The other tvo lﬁwt kave been
of very low alkalinity (less thau 10 p.p.w.). Of the lakes treated
vith ewulsifiable rotencns in vhich the toxieity has not persisted,
one Bas e high slkalinity (192 p.p.m.), tvo are of moderate alkalinity
(32-45 p.p.u.), and cas &8 of lov alkalinity (11 p.p.m.). It is
perhaps sigaificant that only une of these three lskes {lake Hineteen)
is landlocked, the others having outlets. On the other hand, only
one of the lakes with persistent toxicity (Tunk lake) has sa outlet,
snd it 1s intermittent. Unquestionshly the presence or ehsence of
{nfloving and outfloving stremme is important in dstersining how lomg
a lake will retain toxieity. Since the landlocked lakes of e given
ares ordinarily are lower in alkalinity than draiosge lakes (Judny,
Birge, aud Meloche, 1935), perhaps reported persistent toxicities
in lakes of lov alkalinity are as much dwe o the lack of wvater
movement through the basin 88 to any inherent charscteristic of the

vatay,



Only two of the lakee treated vith emulsifiadle rotencoe re-
tained their toxicity longer than eight momths, Most of these
treated in late summer vere suited for stocking the succeeding spring.
Retention of toxicity over vinter may even be an advantage in that 1t
inswres e complete kill of fish since the vater is thoroughly mixed
et the time of the fall overtuwrn,. Although apperently & high
mortality of invertebrates occurred in Section 4 Lake vhere emnlsi-
fisble rotenone at a concentration of 1.7 p.p.m. vas usad, there vaas
nc such mass die-off of fish-focd organisms in Irvin Lake with 0.55
p.p.n. The only bottom anfimal in Irvwin Lake that was sericusly
affected vas the fres-svimming phantom midge which is alsc killed by
powlisred rotenone compounds. Furthermore, laboratory tests geve no
indication that emulsifiable rotencne was more toxic than powlered
cube to the more isportant groups of bottom organisms &t & comcentra-
tion of 1 p.p.m. |

Although emulsifiable rotenone apparently can be used effectively
vithout its causing major biclogical chenges, every effort shouwld
be mads to avoid such disasterous results as were cbitained with
Fishtox in the Pigeon River Area lakss., Manufscturers cannct be
relied upon to muticipate the vide variety of physical and chemical
conditions 1a lakes that wight influsnce the toxicity of their products.
Fishery vorkers should be cautioned sgainst the use of profucts for
vhich the manufacturer does not provide 8 complete chemical anslysis
so that effects of sll ingredients can be tested on fish and fish-

food corganisms.
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Summary

1., Of T3 Michigan lakes treated with various fish poisons, 11
remained toxic to fish for over one month,

2. Iakes in vhich detoxification hes been slow have chiefly
been those poisoned with elther an emulsifiable form of rotenone or
a trade product, containing rotenone, called Fishtox. Toxicity has
persisted for over one month in only one of 56 lakes treated with
powdered i'otenm compounds.

3. WMve lakes that were treated with Fishtox remsined toxic
for over 18 months, and epparently caused far more extensive mortal-
ity of bottom-dwelling invertebrates than occurs when powdered forms
of rotenone are used,

i, Lakes treated with emulsifisble rotencnes have been toxic
for as long a8 9 months. In one lake in vhich a high concentratiion
(1.7 p.p.m.) of this poison ves used, there apparently was a great

loss of bottom invertebrates.
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5. A stuldy of the bottom faune of Irvwin leke, & lake that wus
given a 0,5% p.p.n. application of emulsifiable rotencne, shoved &
significent die-off of only one form (Chacborus).

6. In ladoratory tests, the emulsiffabls product killed dlue-
gills in less time than either powlered ¢uvbe root or & mixture of cube
and the detergent Tide.

7. Blueglills survived longer in vater from a lake of low
slkalinity treated with emulsifisble rotenocue then in water from
1akes of high slkaliuity.

8., A wartety of aquatic invertebrates swrvived laboratory tests
in vhich & comesntration of 1 p.p.R. vas used for esch the emulsified
profuct, cube, and a mixture of cube snd Tide, The midge Tendipes
Secorus wes the only bottom lnvertebrate tested that vas killsd,
Thore vas no upparent differsnce in effect of the three compownds %o
this species,
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Appendix

Michigen lakes treated with rotenons from 1942 through 1953%

Town, Range, & 3ection

Lake&® County Years treated
Irwin Alger LN, 1M, 12 1951
Hike Alger L4, h5H, 1M, 2,3,35 1952
Rock Alger 458, 19w, 34,35 1952
Trueman (Hemlock) Alger koK, 1M, 10 1948
Bellaire Pond Antrinm 30N, W, 20 1949
Green Antrim 20N, TW, 26,27 1948
Roland Baraga 51N, 31V, 12,13 1953
Hemlock Cheboygan 33, N, 3k 1950
Weber Cheboygen 34N, 3, 31 1948
Dukes Chippewa isN, 1w, 28 19%7
0’'Niel Dickinson Lkw, 284, 7 1953
Hilltop Gogebic LN, 3M, 6 1949
Band grend Traverse 278, oW, 23 1953
Clear (Kratt) Houghton 51N, 36¥, 3,4,9,10 1952
Deadman Iron h1w, 32w, 5,8 1953
Portage Creek Pond Jackson 28, 28, 8 1950, 1953
Lost Luce VTN, 12w, 21,22 1948
Musgrove Luce hTH, 124, 22 1648
Peanut Luce YN, 11W, 30 1948
Tank Luce hoN, 11,12W, 31,36 1950
Young Luce be, 11V, 29 1948
Blair {BE. Voelker) Pond  Marquette ) 2T, 22 1946, 1951
Island Merquette 45H, 30d, 1k 1948
Perch Marquetie 45,46N, 30W, 4,33 1949
Rock Marquette 4R, 27, 1952
Section 1k Marquette S i, 1h 1952
Sporley Marquette 45, k6w, 244, 5,31,32 1947
Sucker Montmorency 31N, LB, 29 1948
Sand Newaygo 11¥, 139, 19 1949
Nero Ogemavw 2"‘!’ 3‘, 5’6 19,"'7
Center Osceola 208, W, 21,22 1947
Lost Oteego 32n, W, 2,3 1950
North Twin Otsego 32N, I, 10 1948, 1950
West Lost Otsego 32K, 1N, 3 1948, 1950
Bear Den Presque Isle 33N, 28, 32 1948, 1950
Ashford Schoolcraft k3N, 168, 3,10 1948
Putch Fred Bchooleraft YTH, 13w, 18 1949
Hineteen (Bear) Schooleraft Luy, 18w, 27,34 1953
Sylvan Ponds (3) Washtenav 28, 3B, 6 1952

Wihis 1ist does not include the several lakes that vere treated prior to
1943 and that were retreated since then.
to 1943, see Ball's publication of 1948,

Lekes on the Elimination of Fish Populations
¥$8ee Table I for the

other than the powdered form;
West Lost, and Bear Den lakes (first treatment), and ell

treated with povdered rotenone,

Por a 1ist of the lakes poisoned up
"A Summary of Experiments in Michigen

with Rotenone, 1934-1942",
lakes treated with rotenone-bearing substances

Weber Lake (Teble I), Blair Pond and North Twin,
the cther lakes were
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