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Abstraef

In 1936, & 10,7-scre lake in Otsego County, Hichigan, was
treated with rotenone to eliminate & population of stunted yellow
perch. An attempt to recover the entire population yielded L,817
stunted perch, 27 %trout in poor condition, and four speecies of
minnows. The weight of what wes assumed fo be the total population
was 516 pounds or slightly more than 50 pounds per acre. In 1937,
an experimental planting of liontana grayling was mede which was not
successul owing to unauthorized introduciion of bluegills about the
same time. In 1941, 5,000 fingerling brook trout were stocked, but

proved unable to compete with the rapidly inereasing bluegill popu-

lation and diseppeared four years later.
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the bluegill population to 8 point where survivors could nake satise-
factory growth,

In 1046, whon rotenone resappesrsd on the eivilisn nerket, the
lake was poisoned agein, and an attenpt made Lo roecover the entire
population, The total weight of fish recovered was 1,295 pounds,
or 111.5 pounds per‘acre, more then twice the poundape found iz
1936, perheps expleined by bluegills being closer to the primary
food ehain than perch,

0f greater interest were the findinpgs on completeness of re.
sovery. Four and thres days, respectively, jrior to peisoning, 246
bluegills and 210 breok troub were fineclipped and planted, Unly
58.9 percent of the marked bluegills, &nd L1.7 pereent of the marked
trout were recovered despite careful search., Considerable doubt
is ihereby cast on the prevelent practice of assuming practiemlly
complete rosovery of fish populstions following rotenocae trsabnent,

and on totsl Pish production figures derived by this method.

During the past decade, 35 lakes in Yichizan have been itreated
with rotenome, {as available in powdered derris and cube roots), %o
aliminats or reduce undesirsble fish populetions. Subseguent checks
on these waters reveal that several of them have beon repopulated
with species of fish not well suited to the waters, thus defeating
the purpose of the poisening.

Ford Lake, Otsego Tounty, Michigsn, & 10.7-acre lake in the
hesrt of the Pigeon River State Forest, is one of Hiohigan's potsne

tial trout lakes that had bscome worthless to anglers duse to the
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presence of & population of stunted yellew perch (Percs flavageeﬂu);

In 1436, the Ford Lake fish population was killed by means of
rotenone end dyneamite, snd an analysis of the population at that time
wes made (Esclmeyer, 1938).

in 1937, an experimental plantinz of Wontane grayling (Thymellus
mnontanus) was made which did not prove to be successful due, pre-
sumably, to the unsuthorized introdustion of bluegills {(lepomis

macrochirus) made at the same time or shortly following thet of

the grayling (Leonard, 1939, 15L0).

By 1930, it was obvious that the gzrayling were not able to live
snd zrow sucsessfully in e small lake thet harbored ancther highly
competitive species., In September, 1941, & planting of 5,000 finger

ling brook trout (Salvelinus fontinelis) was made, but they too were

unable to thrive in the faes of the sctive conpetition of the bBluse
gill snd were last reparitaed from & gill net sst in Sepbember, 1Gidi
o trout were taken in zill net sebs in 1945.

As a result of their natursl fscundity and the absence of
predatory fish, the bluegills ineorssassd prodigiously in numbers and
populated the lake beyond its ocapseity to support a growing populfie

tion, In September, 1GL%, wallsyed pike {Etizostedion vitreum) were

introduced &3 a possidble means of rsdusing the large numbers of
stunted bluegills to & point where growth would result in lsgzsl-sized
fish,

With the anticipation of rotenone egain being ewailabls, plans
were mads to re-poison Ford lake mnd, since conditions were fevorable,
to establish it as & troul lske, OSuch an underiaking would make
possible a comparison of standing fish creps on the ssme lake at
dirferent times and with & different speciocs cumposibion. The

survival of a limited mmber of knowneage wslleves in & laks having
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no other predacious species and an ample food supply in the form of a
stunted blusgill population could be determined, There would be an
opportunity te check on the racovery of fish merked fnmedistely prier
to pelsoning, thus shedding soms lizht on the wvalidlity of poisoming
a8 & means of determining total populations, #With those data &8 a
goal, Yord lLeke was pelsoged for the sscond time, by the writer and
four othsr biologists of Hichijsen's Institute for Fisheries Kesearch
staff, on the mfternoon of August 26, 19,6, During the six days
following every =ffart wes mede to recover all fish that case %o the
surface or were within reach of the surface with long.randled scep

nete.
Hothed of applying rotenone

The aotual ?aisamiﬂg differed from other similer projects carried
out irp 4ichigan in the past only in the methed of applieastion of
rotenone %o the lake. The 300 pounds of derris {(produsing & concen
tration of Uu6 pepem. of derris root of § persent rolenone content)
spplisd to thelake were mixed and distributed by means of s smell
sentrifugel pump. This pump, pur-hased especially for the work, has a
eapesoity of 3,000 gallons per hour, & Cw-ineh intake snd dischargs,
weighs lese than 100 pounds {including the 1 1/2-horsspower mobtor and
the 10-foot inteke and discharge hoses), and, with the fire-hose nozzle
uged, throws & stream spproximetely L0 feet., The working unit cone
gisted of a SLe-gallon drum with the head removed placed in the frant‘
end of & rowboet and the pump located in the rear end, A Sehorsepower
outbosrd motor wes used tq propel the unit, In actual operation, 5
pounde of derris powder were poured inte the drum, the intake Lose
of the pump dropped overtosrd, the discharge hese dirscted into the

drum, and the pump started. The forced strean from ihe hose nozzls
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served to fill the drum completely and thoroughly mixz the derris
powder in one minute, Vhen the drus wes Iull the end of the intake
wag placed in the drum, the discharge dirscited onto the lake, and the
distribution of the mixture affected with the boat roving at slow
speed, ‘ﬁs the pump was caﬁaﬁle of throwing & jet of waterederris
mizturs approximately LO feet, it wes poseible to treat shosl sress
that were blocked by desdheads or too shallow Lo permiit operstion of
the outbosrd rotor. Two men can cperete the unit with osee snd, if
desired, the entire operatlon ¢an be carried out without stopping
either the ?ump or outboard wmobor, Eighty of the 300 poundz of derrie
were punped inbto the deeper wmter of the lske with the sase sguipment,
but using B 1/2-ineh parden hose uiteshed to the dlscharze hose of
the pump welghted sufficiently Yo discharge st a depth of approximstely
15 fout,

Following spplieation of the poison, the fish were sollscted as
they came to the surfece or were found in distrsss, taken fo shorse,
end individually exmmined for exciged fins. Heaguromentes were taken
from rendom samples, and weights were taken in lots of 200. The
last live bluegill was seen on the morning of August 29, two and a
half dsys after the polsoning: the lmst fish soen alive wes & rwd

minnow (Unmbra limi) on the afternoon of the same dsy. Both fish

were in a dying condition when found. ZHo live Pish wers seen afbter
this time and no fish were teken in & S2-hour experimental gill net
sot on August 29«%0. The fish were picked up smch day lor the six
days foilowing the applicsilion of rotenons and the faw fish recovered
towsrds the last ware resciing a point of disintegration that made

picking them up as whole fish gquite dilficult. Only & vsry few [ish

were taken in the last 24 hours,
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Only five speclies of fish were recovered at the time of the
poisonings brook trout, walleyed pike, bluegills, mud minnows and

one specimen of the northern mimie shiner, Notropis volueellus,.

The trout had been introduced thres days prior to the poiscning and
all trout recoversd were from this planting. The 17 walleves

(Stizostedion vitreum) were the survivers of a planting of 163 made

in September, 1043, All were marked by remowal of the left pelvie
fin when planted and all reccveries were &c marked, The welleyes
when pleantsd were youngeofethe.year fish having a size range 5 5/2,
16 1/L inches in total length and on rseovery ranged from 17 to
19 3/% inches ir total lemzth and 1 1/2 to 2 1/L pounds in weight.
The mud winnow (Umbrs limi) was apparently well established and
renroducing in the laka,
The most important species from the standpeirt of weth numbers

and weight was the bluegill, {Lepomis macrochirusj.

Comparison of the 1936 end 1946 fish populations

The poisoning of Ford Lake was of special interest as it offered
an opportunity to compeare the stending fish erop at.the pregent time
with that of the same body of water 10 years provious,

In the late summer of 1936, the fish population of Ford Lake
was romoved by poisoning with roltenone and the action of & heavy
charge of dynamits. A%t that tine a complete kill was reported and
all fish accounted for by actual count or accurate sstimates based
on partial counts. The fish present in the lake at that time were
perch, trout, and four species of mimnows., The 4,817 perch re-
covered, belisved to be the total nucber in the lske, hed besn grow«
ing slowly; the 27 troubt wers survivors of plantings from earlier

ysarg and were not in good condition. The bulk of the minnows were
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Chrosomus eo0s, & species that apparently was doing well in the lake,

The total fish population st that Sime weighed only 516 pounds, or
about 50 pounds per sore. ”

The population asg determined in the #éannﬁ poisoning was very
different from that of the first., Ho perch were present and the
only trout were those stocked immedistely prior to the poisoning to
chaek on the complebeness of kill asnd recovery. The only spocies of
minnow common %o beth was the mud minnow, Umbra limi. The bluegill
dominated the 1546 poisoning with & total of 37,383 specimens weighing
1,222.2 pounds, That this was & severely stunted population was
indicated by the presence of only 15 legslesized individuals (&
inches or longer) in the entire proup, or one legsl specimen for emch
2,000 bluegills. The aversge length of the bluegills reeovered wos
100 millimeters and the averags welight 15 greme.

Seventeen wallsyes weighing 3L.2 pounds, the remsnts of 168
youngeof~the«yoar planted in 19435, were recoverad. ITwenby-four and
g half pounds of nud minnows were weighed snd messursd, Although the
kill is believed to have been complete, it is estimated that no
more than 50 percent of the dead mud minnows were recovered. The
weights, nunbers, nurber of marked fish, snd number of marked fish
recovered are chown in Tablse 1.

The total weizht of fish recoversd from Ford Lake in 19,6 was
1,29% pounds, or 2l times the weight of fish recoversd from the same
lake following 8 complete kiil 10 years previously. The reasons for
this difference in weight of fish recovered are not too wsll underw
stood but perbeps may be sccounted for by the differences in the
feading habits of the fish meking up the dominent species in the lske

at the timo of the polsonings. The pereh, dominent in the 136
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Table l.e-lusber and weight of fish recoversd, nmumber of fish marked,

and nunber of fish recovered after polsoning, August 26, 1946,

Tumber of
Total number Walght in Nusber marked fish
recovered pounds marked recovered
Bluegill 374363 1,228,2 2Lb ik5
Walleyes 17 3La2 0 0
Trout o 0 Y210 5l
¥ud minnows %,293 2i1.5 0 0

4 Only %rout in lake were those planted from hatchery immediately bafore

polaoniug.

%ﬁsti;mtsd to be less than half of mud wminnows in lake.
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poisoning, ere generslly pisciverous in their feeding hebits, wheress
the bluegill, the =sjor component in the second polsoning, iz largely
dependent upon invertebrates for food, and ig thus closer to the

primery food chain,
Recovaery of murked fish

Shartly before mpplication of the rotenone, 456 marked Iish were
introduced into the lake s a means of checking the proportion of
the total fish population recovered following polsoning. Four days
prior to poisoning, 240 bluegills averaging 10 millimeters tokal
length were caught by hook and line, their dorsal fins removed, and
the fish released, In addition, the anal fins of six bluegzills of
less than 90 millimeters total length were clipped end the fish re.
leased. Three deys prior Lo poisoning, 210 brook troud, ranging from
L to 11 inches in total length, obisined from s nearby State Fish
Aatchery, were marked by removal of their dorsal fin and pleced in
the lake. These trout were seon in all areas of the leke the morn-
ing prior te the polsoning.

A recovary of 1L5 of the 246 msrked bluegills was made in the
sixedny period following the treatment of the lake with rotenons,.
They constituted 58,9 pereent of all marked bluegills presuned to be
#live in the lske at ths time the rotenone wrs applied. Hinetye
four (L7 percent) of the 210 trout wers repoversd., The percent
recovery of all groups of fish was lower than snticipsted snd poses
8 question as to the walidity of populstion estimates derived from
the pickeup of fish following poisoning.

Checks on the recovery of marked fish present in a lake have

been made in thrsee previous poisonings in lilehigen. Following the
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poisoning of Third Sister Lake (%ail, in press) 23.4 percent of the
1,395 fish thet had been marked by tagging or fin olipping were
recoverad, These fish had been in the lake from ¢ to 22 months
prior to their resmoval and netursl mortelity had undoubtedly reduced
the number of marked fish. Since no estimate of the natursl mortelity
cer: be pgiven, these figures cannot be considered as indicative of
the proportion of the totel population reeevared;' The fish marked
were bluegills, largemouth bass, bullheads, and pumpkinsesd sunfish.
Yore bluegills were marked than all other specles combina&.

Carbine (unpublished) found Yhat 13,7 percent of 699 marked fish
(10 speeies) were recovered foflowing removel of the fish populstion
of Deep Lake, i¥iehigan. These merked fish also had been in the lake
for varying periode of time up to two years. Krusholsz (194L0)
roported on a population study of Twin lLake, ¥iehigsn, In this study,
2 population estimate was made based on the recovery by nets of
known nunbers of marked fish. The validity of caleulation wes then
eheoked by poisoning, and 86 percent of all marked fish assunad to
ba alive in the lake were recovered. The population of this lake
wag of the bass-~bluegill type,

The fate of the marked fish and the portion of the entire popu-
lation they representsd in Ford lake cen be unly a matter of cone
jeoture &t the present. The weed beds of the bottom were vipible
tﬁ:augh the clear water to a depth of 18 fest, which was the lower
limit of the vegetation. COnce the power of locomotion was lozt ss a
result of the effeect of the rotenone, & majority of the fish seank to
the bottom where many could be seen in the dense, compact mat of
Chara cerpeting the lake bottom. By the end of the fourth day 21l fish

that hed been on the bottam within the range of visibility had flosted
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ts tha surfase, There is the possibility that meny of them, after
becsoming affscted by ﬁhe’ratenene;“had'buried themselves in the
Chera mat &8 & result of the uncontrolled, errstic deshing about {thet
is & charseteristiec reacstion to the poismm. Meny fish that wsre
partially buried in this msnner were seen to rise te the surfece
when bloated, often with enough force to bring strands of Chara and other
algal growth with them. Still enother possibility, and perhaps the |
nogt likely one, is that they sank into the deep water and did not
come to the surfacs before they disintegrated., &t the $ime of
poisoning the lower waters of Ford lake were devoid of oxygen, the
earbon dioxide content of the water was 12 p.p.n., and the pi 6.6,

The bottom wes covered with & layer of pulpy and fibrous pest.
Sumesry

The results of thi# ptudy indicate strongly the need for further
investization inte the fate of that portion of tho fish populetion
that does not float to the surface in the few days following poisone
ing of & lake with rotemone. If the 54 pereent of the marked fish
recovered in Ford lLake signified that only that proportion of the
entire population wes rscovered, the zstizster of total fish proe-
dustion of inland lakes, which have baen nads larzely on the resgults
of polsoned lake populstlons, will have to be reviged sharply upe
wards. Zhis iz, of course, assuzing that the pereent of recovery in
other lakes is comparsble to Ford Leke. This may nob be & teanabls
assumption, bubt only 8 thorough check on future poisonings will

clarify that point.
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