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Abstraet

Studies were wmade on four lakes in southern Michigen te P
determine the effect of the reductiocn inm numbers of fish by winter.
ki1l upen the rate of growth of fishes., Zarlier investigations on
another body of water hed deronstrated thet a severe reduction in
populetion density had & wmerked effect on the rate of growth of the
survivers. 4t the time of the winterkill in 1945 seale samples end
counts of dead fish were oblaineds Famples wore colleoted sach yoar
sines the kill. An inoromuse in the rate of growth tos great to be
aéeauntad for by annual vasristions followed the wintarkill in ell

but ope of the speelses from cne lake. The inorease in growth rate

was not maintained, however, for longer lhan one year in most
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species. Further studies sre sugyested to dstermine possible
mothods of mgnegement whieh would inoresse end maintain the grester

rate of growth,

Introduction
(ne of the methods thet hes beem sug ested for the improvement
of grewth retes of populsbions of stunted fiches is the remowal of

part of the population by chemicel treatwent. Beekwan (1941, 1943)

founé en inersesed growth of rock bese (Awbloplites rupestris) toe
great to be aceounted for by annual wariation in growth following
the romoval of all fish in spproximatoly one-half of Hooth (Standsrd)
imita, Charlevcix and (tsege ecuntiss, Michigen. %o chesek further
on the walus of this method end the extent to whish the populstion
must be reduced, several lakes subject to winterkill are being ine
vostigated. To date the nunber of unanswered qusstions has ip-
erensed but it is believed that some iaformation of velue has been
obtained vnd chould be mmde avallsble,
The lakes and the sxtent of winterkill
Battosze and Gooss lukes in Jeckson County, Uuck lake in Monte

oplm County, snd (reen iakﬁg/in~¥ashtaﬂgw Comnty, Hiehigen, are

4 Yany lekes other than the four used in this study were
visited and counts of desd fish made., ©Some originmslly included
wers dropped for wverious reasons, such &s inadegusts seale samples,

incsmplete counte, etc. Further collsetions are to be made from
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aomg of thess leker snd with the sdditionel meterial way b8 incors

porated into the study,

subjact to winterkill st rﬁlat;i%}.g fé@a@ﬁﬁ interwels, Severe
¥ills cocur cvcasiocmslly with lighter kills interspersed. Prior
%o the winter of 190195, when s heavy moritslity eccurred, the
lest severe mortality was in the winber of 1935136,

411 of these lakes are shallow; maximum depths ars as followss
Battesse lake, 15 feet (Tubls 1); Goose Lake, 10 feet; iusk lske,
9 fect; and Green lake, 13 feet. Hoobad vegstnlion le abundant
over sort of the bottoms of these lakes.

In early Mareh, 1945, when the lce cover melted, seversl
members of the Instituio steff visited they lskes, zsde oounbes of
deed fish on wmessursed ssctions of the shorelins, aﬁé ook soale
serples. At Patteese Lake it wee estimated that 179,640 fish were
killed (ZTable 1}. Ho atbompits werec made at auy lake %o count ell
of the swall minnowe or other small forege fishes. Cownts were

made, however, of the largsr zolden shiners (Notemigonus £

srysoloucas), chub suckers {Erimyzon s. kennerlii), suckers

(Catostomus ¢. sommsrsomnii), snd other large rough fishes, Legal

sizod gawe fish made up 23.5 percent of the xill with the bluegill

{iﬁg{:ﬂi& Be macrockirus) the daminent spooles, The ratic of bluse

gills So largemouth black bess (Micropterus salmoides) was 68 4o 1

ag determined by ssction counts, From observations made by ir. G,
Fe Loopor of the Institube on winbterkill lskes it is believed thet
bluegills and largesmouth bsas are susesptible to winterikill in the

same depree and thus the above retic is belisved to be fairly relisble,
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Table l.wslocebion, ares and depth of the lekss, and numbers of fish destroyad

by ome winterkill,

Iten ' _ , lake

Bettesse  Gooss  Tusk — Uresn.
County - . Jagkson Jackson | v%éantﬁ&lm ‘gﬁashﬁmw
aves (sores) - 1 " B 36 78,5
 Haximum depth {feet) | ,, | 15 16 9 B 1}
Total, all spscies . ‘ 1?9.&&5 51,838 \;gﬁ,&}@ 65,509
Tigh g;ax; acrs {all ‘ZS§%>«&§;8‘$} 1,796 153 163 $§§
Game fieh 177,6L0 70,958 45,000 59,468
muegiiu 165,000 4i,922 18,000 16,852
Largemouth bleek bess 2,100 13,008 CL,500 . 1,512
Yollow pereh LG 6,83 13,500 6,658
Blaeck erappio 500 es h4500 5,456
Pamplinseed S et 7,578 23,52
Other speciss 8,700 11,782 4,500 11,539
Game figh per sere 1,776 167 W7 | 758
Logalesived same fish Wi,712 21,499 33,750 17,263
Logalesized geme ﬁs’b per asre L7 _ 58 110 220

\;/ Ho eounts made on sample avens
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In Guoss Lékﬁ an astimation based upon shwple soumbs: Zave s
‘botal of 81,923 fish destroyed in the 190L19L5 winterkill, OF
this total 2L,099 (3L.5 sercent of the totsl) wore of lezal length.
The ratio of bluegills to largzemouth blaek bass wes 3 to 1,

A total of 50,000 desd fish wes estimated to have heen killed
in Duck Leke, but it is belisved that this estiwetion is muckh too
low, It was based upon sight instesd of actusl counts of rmemsured
shoraline sections. The estimsbte is Lelieved to be low bscause of
 the high perecentage of logel lemgth fishes in the date. A populatiug,
75 percent of which iz eompossd of legal sized fishas, ig believed
to be abaormal, The ratlio of bluegills %o largemouth bass mey slso
be in error for the same reasen, aithough a ratic of & bluegills to
1 bass iz net wusmnl,

in Green iake where sownte 1sd to an estimete of 65,509 fish
killied, 29 percent of the total wms rmade up of logel sized fish,
The ratio of blusgille to lergemouth bass wes 11 Yo 1.

It is interosting %o note that the bluegillez in Balteese Lake
wore stunted, while in the other thrse lakes they were growing at
& rate shout equal te the established sversge for ¥ichigan wakers
{oskmen, 195}

4 slight winberkill securred in Usoee lake in the winter of
1961047 and in Duck Leke in the winter of 10L7-19i8. The other
wetors have had no unusual mortelity since 14lh-1945.
Fluctuations in the rate of growth
toale ssmples were taken at the time of the winterkill and

subseguent semples were taken by netting and hook end line fishing
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in the spring end summer of 1046, 1347 ané 198 (Table 2). Sxell
wiaterﬁn-s addod speoimens frog twoe lakes, Stesnderd techaiques
wopa used in the preparatien and study of the soale materials.

In the absence of any date om the bodywsesle relaticnships
for the spocies lnvolved, the growth inerements for esch calsndar
yeur of life wors derived from diw#&pmimrtian caleulations.
imets phemomsoon was In slizht evidencs but was net considered
suffisientiy great to influence the avay&ggeé.

The mothod used is illuwetreted by Tebles 35, L, 5 and &,
Growbh ineraments eslsulated fer each age group for sach yese of
1ife are swerized in Table 3. Further combinsbion of the data
mé meemar‘g and the welghted average of the incromenis for eadch
year of life were cowbined by calendsr yesr as shown in Table L.
To obtain date on tho anmwsl flaam%qn in growth & ¢omparison was
wade by the svovessivo additione of the growth increwsnis for come
parable years of 1ife from the deta in Table iy these camparisons
are shown in Table 5, The mesn betwesn the grewth in the esrlier
and leter yesrs was derived snd the change in growth betwesn thess
years was given in teras of ineorezse or dacrsass of tho later yoar
ovsr the sarlier, end the parcontapge of change in growth was caleulated,

From the persentags changs in growth the meen deviation of the
growkh in the different calendsr years was calvulated from the
average of the yoers prior to the winterkill of 19Li-19l5. This
information is shomn in Teble & snd it is from this and similar

tabulations for the other species that the data for Ripuwrs 1 wers
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Table 2.--fusbar of spseimens and dates of cesl?mticm of materials for study

of shanges in growth ratss following winberkill,

' - “Tate T Rumber
Specios iake of of
collootion Spsoinens
. sareh, 19L5 63
Blusgill Battoose July, 1946 &l
_ Jume, 1947 : 55
: darch, I9hL5 68
fluegill Goose dune, 1946 12
| Azril, 1847 160
dune, 1947 Vi
Horeh, xﬁ 6§
" ) . ] Jﬂl&a, 1 : .;
Largswmouih black bass Goose April, 1947 60
dune, 1947 2
Barch, 1945 2l
Porch Thack July, 1947 15
Appil, 148 23
august, 194 7
Harch, 1%5 26
Parch Eresn Jume, 19ub 89
BRY . 1%? 95
July, 198 53
Sugust, ighly 10
] Karoh, 1545 2§
Pumpkinseed Gresn June, 1946 55
Bay, 187 9

Jay, 1648 21
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Table 3.e-browth inerements by celendsy years for the blueplll from Battesse
ianke, during ssoh year of life, before and afber redustion in nusbers by

winterkill (oumber of specimens in psrenthesis).

Year  hge- . Ualoulated growth in millimeters of %a%ai Tongth for calendar yea.
of  growp ____  Before wintorsdll _Atker wintereill

L ) ’ i .
life 1958 1930 g0 1okl 1sle  1o63 | 15l 1945 156
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Table Leesfaloulated annual increomemtes (welghted average) of growth in lengik
of various yesy cleseee of the bluezill from Batisese lLake {nurber of spocimens

in persathesis),

Yoar Incroment (millimeters) in growth in calendar yesr

B g 139 oo lsla  dgke ks gl lgks  iské

- ‘

UH6) (o) as(e2) 2(6) 29(60) 26(38)  26(3) M) ..
we  L29)  38(5) 37(22) () FMEO) 39(38) L6G)  w)
e e R(9) 3(9) e5(22) 3506} Be0) ba(0)  35(3)
e 2(5) - 25(5)  33(2R) - 29(i6) &5{5‘3) 26(26)
cor T eeeaeeaee o 17(9) 26{9)  26(22) - 33(30) 22(21)
see ses vos  wes 15&9?1 w(g) 2?(1;}«' 17{L)

oW oW o
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Tahle Hee=Tobulation of dats used in the detormination of the aunual fluetustions

in growth of the bluegill from Butieess lake,

“Years Growth int "~ Growth in

involved earlior later ra— Change Fercomtage

in %he yoar ; yoar ‘ in changa ia
comparisen (in miliimeters) (im millimetors) growth _growth
1936 end 1939 55 33 3l -2 =59
1939 end 1940 75 6 b9 -2 “A7eh
1540 and 1941 o5 101 58 +6 v, 1
1941 and 192 125 116 120.5 = 7s5
1942 and 193 133 157 145 +22 +15.2
1943 and 1944 172 172 ire 0 0.0
1okl and 1945 172 238 205 €6 32,8

195 k5 172 -5l ~3Laks

1945 und 1946




Tablo &.eeParcentage devietion of the growth of the bluegill in Batteese luke
in different calender vears from the averags for the T=yoear pericd prior %o

tihe winterkill in the winter of 134L~19L5.

1938 1939 Agh0 il ke 193 gk gk gk

-12.9 +70 =104 wlied ~11.8 +3.h +3ody +35.6 e
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obteinad, Tils method is wore ﬁharéaghiy %ﬁ?i&iﬂﬁﬁ,iﬁ.%hﬁ literaturs
(rile, 138 ), |

Whenm the growth of the bluegill in IZabtbosse lake was compared
with the avarage ostabliched for the state it was found thet they
wore stunted. In the vear following the winterkill the growth ime
proved decidedly, but the fish did not stisin the state sverags,
snd the following year there was a decline in growth almost %o the
aversge of the period hefore the kill (Fige 1).

| In Gouss Lake the growth of the largewmouth black has: was

following e downward tresnd tefore the winbterkill (Fig. 1). & slight
tmprovement in growth rate occurred following the kill, but 1% wae
ne grester than mizht have been expected thraugh annusl veristion,
and the next ysar sgain showsd & reduction in the rste., The bluegill
in doose lake increessd in growth rate somewhat fellewing the kill
snd further inereased tho eneuing semson (Fig. 1). This wes the
only species to exhibit an sccelerated growth rate during the second
genson after the kill,

The yellow perch (Perce flavescens) in Duck lake exhibited the

shange in srowth with an improvement of ebuiut TO percsnt over that
for the year previous %o the kill (Fiz. 1). Again in this lake
the growth rate retwrned, in just one year, to the range of growth
established for the years prior to the roduction end continued the
decline in the sscond year feollowing the kill, reaching below the

lowest range pravisusly recorded.
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The generml pattern of the gudien rise following the %11l and
the deeline in succeoding yesrs was nlso displaysd by the yollow
perch in Sresn leke (Fig, 1}. The growth rate of the perch did not
drop es suddenly as hss beesn shown for this speciss in Duck lake,
The mejor drop eccurred twe years following the kill, The juspkinseed

(Lepomis githosus) in Greem lake gave the sharpest rise, followed by

a deeline almost te the range of provicss yesars, and then the following
3‘@&1‘ another rise was ovidenced (Figz. 1),

The growth rate of all the fishes, ezoepting the blusgill in
Batiteese lake, was sapprozimately sversge when gompared with the s«
tablished stats averages. The lnmeresso following the winterkill
brought the average size of the fishes %o levels excesding the state
averags, in the earlier years of 1ife in particnler, The fishes of
six or soven or more ysers of age, growing, &s they do, such & smell
smount eeeh year, sxhiblited 1ittle ochwnze im average sise., Ueveral
othey spesies from those lakes and from other lakes which were oxe
¢luded besmuse of inadeguate dais, followed the same general trend,
but the nusber of samples does not pormit & deteiled manalysis of
the peroemiage c¢hangss that seourred,

From the ehanges whieh oecurred it would ssem that the influenss
of partiel kiil on the rate of zrowth iz enly temporary. It is
pogsible theraefore te quostion the wvalue of any sttempts to relieve
stunting of fishes by pertial remewel of the populstion, If the
gffact of the reduction is to last enly ome or 4wo years it doses

not sesm practicsble as & mensgement techaigque,
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The gquestion elso ariaés s Lz just how meny fishes must be
rexoved in order %o benefit the growith rate of the repsining fish,
in ¥atteese ieke, tm slinination of 165,000 blusgills (1,650 per
mors) was imedequate besause the subsoguent rate of growth, though
improved, was still belew the swerage for the state., Yet in Green
lake the loss of 16,882 bluegills (215 gér acre) aprarently destroyed
the entire posulstion, because for twe years following the kill no
bluegills were taken. A pleating of 50 adults bae reestablished the
sgewiaa-; and the bluogilis, &t present, sre mintaining averapge
growth, largemouth bleck bass alse were restocked after the lose
of 1,512 figk (19 ;:ﬁ&é acre) apsarently elimineted thie spscisa fron
the lake, The loss of 43,922 blusgills (98 per scre) in Joose Lake

siightly improved the growth rate of the remaining populsticom, but

the loss of 13,922 lsrgemouth blsok bags (33 per sore) did not
raige the growth of this speeiles h@g—@m the vzwl snnusl variztion,
and the Pollowing year the srowth rate dropped farther below the
moan then in any previcus year, |

1% Ltherefore sppears Yo bs necessary to determine the population
withir & lake, and the rate of growkh of the spoesles; before any cofa
sideration can be given as to whether or not an stiempt at partial
reduction should be undertaken, Experiments must be conducted to
determine whet persentege of the population pust be eliminsted te
produce sn increnged growth, |

fareful eonsiderstion should =lse be given to the zpociss
somposition preaent, #hile exmeet figurss sre not swilable, it is

Imown that in the lakes checked in this study there wes a differentisl
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kills ¥eany rough fisk wers not decimated to the sxteant that the
gane spscies were, and thuos it may bes thet they tcok over the lale,
and, having ha& the advantage of larger numbersg, reproduced 'Esé such
an oxbent that ithey now control the lskes The drop in ths rate of
growth following the lsrge ineresse lumpmediately afher the kill may
be dus to competition for food, with the rough fish the apparent
wimere, An szanple wight be oited of the prest incrsase in lake
ehub suekers in Gresn lake, At tw time of the kill a eount of
5,418 chub sucksrs wss made, ¥hen gill neots were operated in ths
lake during ey, 1945, 285 chub suckers wers esught, b im May,
16k7, 58l were taken im similer gear and netbting time., Yellow and

browa bullhesds (ﬁmsiu:a-s natalis snd 4. nobulosus) also wers taken

in numbers oxcesding the game speoies,

It may bo thet what iz needed in meny of the waters is not &
i1l of parts of the whole populatiom, but & differential kill of
cortuin species. I the bluegills, for sxsuple, ere stunted pirhaps
the best technlque would bs to remove as meny of them se pogsible,
thue providiag the predatory &?@Biﬁé with & chance tw gzain esontrel
end keep the fubture gensrations of blusgillg under control., It is
plannsd to conduct some experiments to d%élﬁg techniques for s
diffarential kill, luring the midesuwser period meany of the larger
fish of soms spocles sre in desper water, while the youwmgeofathots
year and yearling fish sre in the szhoal arses. By tresting the
shallows i% may b9 possible io reduce the population suffieiently
to bring about & desirable changs in srowth, snd leave the larger

fish population intaet to econtrol the naxt brood of young.
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Eﬁ%ﬁé@kﬁﬂg with suitable sredatory spesies folliowing the rew
ama%ian might prove useful., %This techuligue will be 4riad in e
grégased expariment in the reduction of a populatiem of stunted
biuegills in & Hichigen lake. Following the reduetion, & planting
of yearling largesmocuth blaek §ass'§ill be pade %o dotermine whether
the addition of this predator ¢sn keep the hluegllls umder control
and m&iﬁtsin sn average rate of growth,

me of the greatest nesds at the present time is an seccurete
mﬁtheﬁ of detarmining the sxisting fish population of a lake, If
we are to meanage the fishes, we muet know how many there sre io
stavi with, sad also have reliable data on proper species composition
withis varicus waters. I% iz imperative that sbudies be made to
sscertain why certain lakes preoduce good fishing whilo athers present
a gtunted populetion and poor fishing. |

ftudies of the lakes hers regorted upon will be continued %o
detect changes which may oeour from ysar to yeer, and to lesrn
what effect fubture light or heavy kills may have on the fish popu~

lantions and rates of growth.
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