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Winterkills of fish in southern Michigan lakes during 1944-45 

February 15. This abnormal persistence of snow covttr was accompanied 

by oxygen depl•tion in some of the lakes to mid ... wmter lows occurring 

about FebrWlry 14. 1'he maximum eonoentration of oxygen in vertical 

seriei ta.ken at about the tune of greatest depletion ranged f'rom 0.2 

to a.bove 5.0 P•P•lil• 1n the different lakes. Where oxygen depletion 

-ns seftre this maximum occurred only in a thin •tratum immediately 

beneath the ios. Heavy winterKills occurred only in those lakes in 
C ,,._, 

which the dissolved oxygen was depleted to approximately o.6 p.p.m. 

or less. The mortality was gratest among bluegills and largemouth 

bass, apparently 100 percent in some lakes. Among the pumpkin.seeds, 

:mud pickerel, northern pike, chub suckers, bullhead•, and golden. 

shiners there was a large rate of survival even in lakes where the 



ot a complete k111 of all fish in a lake. 

Winterkills of fish on an important seal•• oeeurred in many 

bettom., aad with a.bundant vegetation, Most Winterkilla in this 

state have involved lakea in the southern half' ot the 101'ler Penin

.-ula. fh• reaSOl'la for thia geegaphioal distribution are not appar• 

ent, but might depend on a geater fertility of the more aotrthern. 

cover of 1oe and tnow. 

tabulation of 51. lakes with a he.11vy kill in 1944-45& and judging 
~~~-.," ............. , .. 

For the wintera 1935.36, 1939-40. and l94Q...4l,. Grombank (1945.s 

Pig, t) -plotted th& dietribution of the "most ee.d.ou• instances« of 

reported w:uiterkilla., recording 34, 12, and 11 lake.a, r••pectively-. 

Presumably- the true nwnbers of' lakes which experienced. lm.portut 

kills during these years were considerably greater. !n the 1944.45 

kill, with counts ot dead fish on &even lllltee used aa a be.sis, the 

fish mortality in the 51 lakes was estimated at two million or more 

tieh, •t which a 1ubsta.ntial portion was of game species. 

The present paper deals with events 0£ the willterldll in 1944.45. 

the study was bega in January, 1945 when 1 t was auapeoted on the baaie 

of prevailing weather conditions that a 'Winterkill might take place. 



... ; ... 
The field studies involved nuraerous lakt11s, and the eolleetion of 

intonation of four typtH; (l) the results of a.nalyses ot dissolv-,4 

o:qgen during January to Jilar•h et l~I (2) some direet oba@r"f'l.tiou 

on urtality a.nd survival and on beharlor ot tiah at the time of re

duced ~genJ (}) a det91"llliaation of the ld,nda and numbers of d•d. 

fish that floated to shore at the tbne the lakes ••re ol&ared of ice 

in the springJ and {4) the :result$ of gill :netting and/or seining 

during 1945 and l9h6 to determine the kinds and rela:tive abundance 

ot .tiah that survived. ~ preeent account is limited :mostly to th• 

reaulte obtained on six lake• in whieh so• mortality took pl•••• 

SnGral other lakes in lffl.ieb. little Ct' no m.wtality ooourred a.re cited 

for oom.partaon. The aim.of this paper is to describe the relationship 

between the degree ot oxygen depletion and 'the extent ot mortality and 

survival of the various species of fish in the several l&kts. 

Xhe re1ul ta et u ill.t$%1.sive study ot the l.1:/llnol.ogieal oonditions 

related to Winterkill in. lak•• o:f &outhern ii:ichigan were the a1:1bjeot 

of a recent pap♦r by Green'bank (1945)• tha't a.u:thor also summarizeci 

much et -the literature on th♦ subject. 

Winterkills are not only confined to shallow. mud ... bottom:, weedy 

lakes, but oeour generally only during winters wn•n lakea are covered 

for an unuaually protract&d period by cloudy ioe and heavy snow. 

Olou4y io♦ and anaw greatly inhibit the penetration at sunlight in.to 

the lake water. Wh.ere such a condition prevails without interruption 

for several weeka on shallow and organically rioh lakes. the loss of 

diaaolved oxygen due to orgaaic deeomp.oai'tion ao exceeds the produetion 

of oxygen by photosynthesis that oxygen values are eventually reduced. 

ahu,a\ to the vanishing point. Winter oxygen pl"of'ilea on rich lakea 

tnio&lly show :much lesa oxy-ge. in d:Eu,p than in surface waters. an.4 



in i.nttances of extreme depletion the oxygen may be limited. to mare 

traees in SUJ"face water,s. Winterkills u1mally have been found a.a ... 

sociated with lov. dias0lved o:iqgea-. !he major:l:ty opinion of "Various 

inveatigai.ore has been that the t'iah die be-cause of a lack ot oxygen, 

although SOl!'l$ ha.ve suggested that death might be due to the presence 

of "poiaonl!)u•" gas•a au.oh aa hydrogen sulfide., methane., qd carbon 

dio:xid• which is usually eonem'?"ent with low oxygen values. TJ.1.e 

question has not been settled by con.trolled. ex:peritn.ents on the ett"eot 

ot -.oh factor alone. fhus it ia not certainly establithed whether 

the tiah die bec,e.u.ile of lack of oxygen. bec&ita• of the preaenoe of 

ba.rlftf'ul gases, or because of a oom.biution of the two. ffo,i\fever, th• 

question is parhape ot limited. importance to the present paper, in 

whieh the most dgaifioe.nt convib't.ttion ii information on the ex.tent 

to which fieh will survive at very low oxyien. values .. 

lftthoda 

Sampling for determinations of jissolved oxygen was started on 

four lakes on Jan:uary 12 and was continued at approximately weekly 

intervals to the firat week in March. The aeTC additional lakes 

were sampled on one or two dates du.ring the :first part of Ii'ebruary. 

In the four lakes that were .sampled weekly, the extreme in or.rgen 

depletion was reached immediately preceding the thaw which ooourred 

on February 14 to 15. It :may be assumed., therefore. that the aam:ples 

from the other seven lakes in mid-February gave oxygen values which 

were near the winter minima• 

Samples were taken at several stations on Green Lake,at two 

statioJUJ on First Sister., and at one •tation on each of the roonain

ing lane. The station• on Green Lake were at scattered points in 

both shallow and the deeper water and in an area near the inlet. On. 



th~ remainin6 lakes the stations wiu•e near or over tlie deepest water 

and/or :near the lake eentera. lfolH were spudded through th• ice 

with tu littl• ag1.tatia of' the water •• po:Jeible. Samples were taken 

from. the a.urh.ce (upper foot) and usU&lly at the bottom and at inter. 

mediate depth&, by :means of the oan type ot sampler described by 

Gr'eenba.nk { 1945} • Oxygen tests we?"e made by the umnodif'ied Winkler 

method. 

Some observations were made on fish activity and mortality at 

sampling •tationa and at larger holes cut in tlto ioe for thia purpose. 

Examinations of the lak• botiu:mi £or the presence of dead ti•h were 

aided by the use ot a ca."lvas covering over th$ observer. During late 

February obaer"V'lltions were made on dead fish lying again•t the under 

surface of the iee in plaoes VIJ:lere the foe we.s tre.nsparent. At Green 

Lake the concentration of live fi&h 1:n the i:rtlet durin~ the time of 

greatest oxygen depletion in the la.ke was inveatii;a:ted .. 

On Green Lake it was observed that a hea""f mortality occurred 

during January anti f'ebrua:ry, that larg• rtUU!bers of tJie dead fish were 

;J.ying against the 'U.der surface ot the 1ee during late February. and 

that thHe fi•h drifted. to ehore en masH when the lake was olear•d 

of ice. A similar aequ.S1ee of e-vents was noted for dead f'isl'l en 4ther 

lakes. It is concluded tr.at a large portion of the dead fish will 

a.ppes.r along the leeward shore of a lake when the ice clears. 

·1nen the lakes cle~red of ioe a.bout Maroh 16. the presence or 

absence of dead. .fish along shore was noted, the :fish were identified 

as to species, and eounts were made of their numbers. The counts ot 

fieh al•, measured., representative sections of share served as a 

'basis for estimating tqtal mortality. Our i'i~-u.res on total mortality 

are recognized as considerably below the true values, sinee it is be

lieved that some of the dead f'iah do not oome to the surface and also 



f;ur:b:i.g the spring and swmi1er of 1945 and 19461 the lakeis which 

suffered a winterkill w«re nette-i (by fyke :nets, gill nets,. anti seinea} 

fhe species of fieh to which reference is made in thia paper are 

as follows; largemouth baas ~liur<? salm.oides), bluegill (Lepomia 

•obrochiru,). black crappie (Pomoxis nigro.maoula-tus}, pumpkinteed 

{Lepomia g1bbosus), n:rmouth (Chaenobrf!:tu~ eorom.riu:a)$ mud pieke:rel 

(E•ox verrnioulatu,) 1 north~ pike (Esox lueius), brown bullhead 

(•iurus nebulcunas), yellow bullliead \Am.eiurus natalis), black bull .. 

head · (Asaeivus m.elaa} • tadpole wulta ( Sehil'beod•• molli•,h lake 

ehubeucker (Er!:2;zon sucette.) 1 yellow perch (Peroa tlayescens), Iowa 

tta:rter (Poecilicht&s e;g:ilis). gQlden shi:n•r ,N'ot,$11d.gonue erzsoleueasl, 

blackohin ehi11er (Wotro1is ~•tero«oa2, blaomo,ae ahiner (liowoei• 

hnerola&?is), western n:n.1dm.innow (Umbra limi),, blaekstr:ipe topmimiw 

(~nd.ulua notatus),, brook silvers;i.d.e (Labi<lesthes d.cculu~}, and 

bowfin (.Amie. ealva). 

0.seription of the lakes 

the lakea, with which this paper deals, are located in the south

ee.atf.Jrn corner of the Lower Peninsula in Ytashtenaw and Jackson 

Counties. Their names, locations, and some of their physical f'eatu.res 

are given in Table 1. The last tiv• lakes listed are those in whieh 

an extreme oxygen depletion was accompanied (in all ooccep't ene) by 

heavy mortality of fish. These lakes range in siH from 4 acres up 

to about 400 acres. Their maxunum depths are :mostly less than 20 

feet, and their average depths about 3 to 7 feet. They haTEt either 



Township Maximum Approxil'r.a te Inlet 
Lau County and Area depth l!t/V'ff&g• and 

range aerea) (feet} deptµ (t••t) oqtlet 

Cavanaugh Washtenaw 2 s., 3 E. 217 20 6 None 

Four 1&.ilt ff l & 2 s •• 4 E. 256 18 5 Both small 

Mill ff 2 s .. , } E. 142 a; 8 ff • 
Sugarloaf ft 1 s., 3 E. 180 20 4 lnlet 100 g.p.:m..'Ei, 

e.:nd springs, 
large outlet 

Ca.11147 • l , .. 3 E. 46 12 4 No inlet, small 
•utlet 

Grass Jackson 2 s., 2 i. 360 ~10 ~, 'Both s:raall 

Batt••·· ft l s., l E. 100 Vl6 .Jt, tt ff 

First Sitter Waahtenaw 2 s., 5 B. 4 20 7, Ione 

Goose Jackson 2 s., l & 2 E. h25 ta ~, Both small 

G.reen Washtem.aw l s •• ; E. go ll 4 Inlet 50 g.p.m.~, 
dam at outlet 

Merkle Jae,kson l s .. , 2 "&' ~"• 88 12 4 Mone 

\¥ Figu:res are estimates ba.se4 on casual observations. Intensive surveys have not been ma.dt. 

'3-- Gallons per minute 
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very awtll inlet!l and outlets or none at all, and oonaequently there 

is no appreciable displ8.ceuu.mt of water during the winter. Hooted 

plants are abundant in nao:st of them. In :most .features the ai:x lak•a 

that did not suffer heavy wintarkill are cl<HU~ly similar to those tbe.t 

did ti.ave winterld.11. 

Ti.me and nature of the anow and ice oover 

these l&.kea were frozen over by early Dece:ml:u,r in 1944 and wei-e 

blanketed by several inQhes of snow on December ll. They .remained 

camplei.ely oovere4 by an• almo•'k · continuously until February 15, 1945. 

The thio.kneaa of the anow cover• wh;i.oh. was measured frequently frOirt 

January 12 to February 14, varied trom. a to 5 inch.ea and averaged about 

3 inches. Additional 4nowfall on January 22 and February 7 oompensated 

for ooca•ional light thaws and pa.eking. There vnu, little rain or thaw 

water on tho ice; thus the anqw and l<ut remained dry througholft the 

period. The thiokneas of ice averaged appro~i:mately 6 inohe.e on 

Januaey 12, 10 inches on January 29., and 12 inches <m. F·t,bruary 12. 

On February 14~15 there occurred a 24,-hour thaw and light rain 

which clMred most of the rm.ow from the lakes. Aw a resul-c the ice 

surface was covered With large amounts ot water which poured into the 

lakes through fr>acturee in the iee, 'l'his thaw initiated a period. or 
oxygen rejuvenation in those lak"s which up to February 14 were 

ex:perieneing a considerablti!i o~gtM'l depletion, Subsequent thaws, in 

late :February- and •arly Mareh., added more surface water to pour into 

the lakes. The lakes were clear of ice on March 16. February l4 

-.rked the end of the downward tr&lld in dissolved oxygen. 

Severity of oxygen depletion. and reactions of the fish 

In the vertioe.l series o:t• oxygen samples at the various stations, 

the eurfa.ce sarnples (taken at a depth or from. 6 inchea to a foot below 



the nrtaoe) almost invariably had the most oxygen. In the follorin.g 

discussion only tM surface oxygen values are ci t«d in most instances. 

lt[Uimum. oxygen values on Green Lake at two atatione on January 

12 were 2.2 e.nd 4.7 p.p.:m.., at thee one station sampled, on January 22,. 

the :maxim.um waa 0.9 P•P•••• at two E!ta.tions on January 29, 'the high.eat 

values ware 0.4 and 0.1 p.p.m.; at eight stations on January 31, oxygen 

iu aurfa.oe samples ranged .fro:m 0.05 to O.B P•P••"i and at seven 

stations on February 5 to 1, eurtaee valtae n.ngt,d from 0.1 too.; 

l'he s.ingle inle't to Green take 1"18 &.bout 150 yards in length, 

a.ad had a flow o:f abcm't 50 gallons pt>r :mi:nute; the eu:rrent wa.a trtostly 

alugitah. This inlet served as a refuge for many fish while the lake 

was at a low petint in dissolved O:lty'gen. On January 29 it oontained 

an estimated 2 to 4 thousand f'ish• J to 8 inehea long. lneluded wer• 

mud piekerel, bullheada, chu'bsuoke:rs, golden shiners, pumpkin.seeds, 

y•llow pareh, and mudminnowa. No bluegills, u•a.ppies, or baas were 

seen, hc,wewr,. among hundreds of ti.sh identifiecd. On January ;1 the 

numbei:- or fish •packedtt into the inlet was estimated at 15,000. At 

the hea4 of the inlet• above the 15,.000 fish, the dissolved oxygen 

was 7 .l, while at the mouth of the inlet it was 0.05 p.p.m. The 

estimated 10,000 fish, which had moved from the lake into the inlet 

between Janue.ry 29 and 31,. r.ad. been living in th.a lake tturing a. 

period., probably of at least several days, when the oxygen was below 

1 p.p.m. 

On January 29., many dead fish were observed on the 1:>ottom of 

Green Lake through large holes cut in the ioe. Oxye,;en in the lake 

had 'been below 1 p.p.:m.. for at least a week. Several live bluegills 

(adult and yet.mg)• bullheads, pumpkinseed& and perch a.ppear&d in one 



,.1() ... 

ot the openinga a. Jil\l\WU-y 29. theae fish apparently 'W9l"e distrEtH♦d,. 

but other-wise normal. '!'he oxygen ooneentrat:ion was o.4 p.p.m. at the 

S'Ql"'t&ece in thia opening. At one of the holes, reopened on J&nuary 31, 

five live adult ble.ck ert1.ppiee were obaerve4J the surfaee oxygen wae 

o.8 p.p .. m. On Fe'bll''W!\ry l, many 'bullheads and one golden shiner were 

observed in an opening where the surface oxygen 'ffl!Ul o.a p.p.m. On. 

Februa.r7 5, severa.l dead 'bullhetui1 and ons l1n one were observed in 

a reopCted hole wher(II 1Hll"'face oxygen was 0.1 P•P••• 

The obsertttions e.t Green Lake .indicated that by the time dis .. 

solvEJ4 oxygen had been reduced to less than 1 P•P•m• (quite uni:t'oml;r 

over th(!) lake and in the lower part of the inlet} t:ttere had been a 

considex-able mortality of fish. I,'.any f'i.sh were still livint;. however, 

in the lake in.eluding some bluegills and black crappies and. (those 

whioh subsequently moved into the inlet) many perch,. mud piekerel, 

bu.llheads, pum.pkinseeds, chulamekars, tmd ,:-;olden shiners. .. 

lJ1 !hird Siat_.; La.ke, which it vd.thout inlet or outlet, dissolved 

oxygen ~t the two sta'tions wae down to less than 0.5 p.p,m. fer at 

lea.st a weililk in February. Tlle surface values were 0.,4 and o.2 p.p.m. 

on fe'bruary 5 and 0.2 and 0.3 P•P••• on February 14. For tn• follow .. 

ing two weeks the oxygen conoen1.ration as mostly less than l p.p.m. 

A wind-driven air pump had been installed. at the lake, with the air 

vent near the lake bottom in about 8 .f'eet of water. The upwelling 

o:£ water ea used by the release e:f' air from this veut kept a twelve

foot opening in the ice almost continuously. The air pump w1u1 not 

aeeomplbhing; its intended purpose of :maintaining a high oxygen con ... 

eentration in tha lake. but it provided an opening for frequent 

observations. One of the two se.mplin.g stations was at this hole above · 

the air-ptmtp vent._ On January 12 and 29 surface oxygen values were 



f.,9, 2.3, and l.l p.p.m ... a11d there was no c011.c$ntration of.' fish at 

the air hole. C?a Februa.17 5 .. when the aurfa.ee oxygen us 0.4 P•P••• 

at the center ot th& lake and o.e P•P•m.. at th.Et air hole. live fish 

wars observed at this opening. Theee fish inel u.ded. ievel"al y-oung 

bluegills and ehubsucmrs1 several hundred golden shiners, and. several 

adult mud piek;ei-el. The :f'bd1 wer• diatre1uHiul and wen cruwdhg near 

the aurfaee:.. but they were sufficiently wa:ry to be readily frightened 

••1• On li'eb:rt.tel";y 14 the em-face orygffl'! was down to 0.2 and 0.07 

P•Jhm• at the two stations• and a ample fiHJCWtHi by ekilr.ming the 

aur:faoe film. at the air hole gave only o.:; p.p.m. or oxygen. At this 

tim& th•r• were an aati:i:uated 10 to 20 tho-uaand fish m.illi.'ig around at 

the aurfaee of the a.ir hol•• They were distrttS4HH1, but still wary and 

easily frightened. The fhh were mo&tly golden shiner1 an.d bullheads, 

plua e. few eh:ubsuokars; pumpkiniseede. black crappies, mud pickerel, 

•nd :muominnowa, and one nortllern pike .. About a doe.en dead gold..m 

shiners and bulUu,ads were at the surt~ee. It is eon.eluded that in 

this lake many i.housands ot :fish, m.oatly golden shiners and bullheads, 

lived fore.t lust a week at oxygen oo»,0entratiena of less than 0.5 p.p.m. 

On. Batteese Lake the surface oxygen ceneentration ffll.s 7.8 p.p.m. 

on Janury 12, 1.6 P•P•m• on F'1.1ibruary 5, and 0.05 ud o.6 p.p • .m. at 

t-«o stations on Febri~y 13. Preau.m.ably the February 13 values repre

sented the low point for the season. In a fish shanty near one of the 

stations on February 13, we observed about a dosen juvenile bluegills 

p.ase beneath us during a period of ten minutes. Fishermen reported 

seeing no dead fish up to this date, but they had observed that fish 

were unusually near the surface. 



At Grass l..4k@ c.x1gi.m: ,.Hmeut,l"a.tiw.i thei ltur:fe.ce •• 0.7 p.p.,i,11 .. 

cm P'ehr•r1 14 (prusu.,•hly thfJ low point tor th~ enson),. Ct,. this 

~t• and nar the l.iamplin;; station lifl blueiills wtr• obtf>rv~d bG

anth th:bl iee in a fro1u,a.evf.lr tiahl:ag hole. On February r, tr~ 

parent iQe pl'ovidt~d & goorl opportunity tQ Qbsei-ve ft..~Y dead: t'ia-n lying 

age.wet th• under ewfaee ot th• ice. 6ilsoe we oaa~d only a tw 

doatm ountrar-ohida and pe~o:b, -th~re appvflntly had oe•r. only ~. var 

li~t fd.ll. 

On Ftb.twu-y !; surf'1.i:a, o~gen on Merkle J.,,ake wrui o.a p.,p.,211., and 

en Gooae Lak\ii i't was o.s p.p.m. No obsel"W\t1ona of flt;Jl'tal1ty were 

ma.de on tneH t"Wo la.koa at the t~!,>, ot oxi,~L\ ampling. 

On !11prloaf L..ta:u -,,g'.en vi.1\l$:a a.t 'th$ s,ne etat!un were 5,4 

P•P••• on Ju-.r;,y 12• 7 •51 .P•P•tlt• on Janar)' 22, 4.,4 P•P•l1t• GU Ja~;y 

29. 2.6 .P•P••• OA Febru.ar;r- 5. &U:u:l l,.8 .P•P•m• on F'eb:ru~.r,· 12. 

F•~ 19,. thii ulu~a wee 1.a at a dftpth of 3 inobu and 

o. 7 P•.P•ln• t1\ a de;;rth. of tram 6 1..ri.oh.€!& tq a toot. ;l:'h$• latter figur~s 

F~eu.•bly rGpr~ant -th• mtniim:.ll!i tor t,he winter. la early Maroh a 

Tff'Y few d$1ld fish were ae,n throu.&h tlie ia~. i'iahermm (aev~ral) 

Nport•4 seeing uti dietre,u,ed fieh aro1.u1d their fishing hol••• 

()xy~•n PJnples on Ca.,usiq Lake ~ tak@n only on F•brwu-y 19. 

tour da7s •J•ter th• thaw on February 15. The &W"f&o♦ OX'/t;• -.s 

l.l P•P•ltl.• • .~ ju.dgillg frO!ll the ,ibserwd or.rge:n cbe.ugee on other 

lakes &u•ing this p11r:tod, it is probably that this tigwe for Caasid:y 

1.ake was not ~oh above tl:uil winter low. •ihe ~u.rf.e.e{lt Olt.ygen value for 

!!ill Lan on Feb!'mU"y 12 was 4.1 ;.:-,.p,.m •• fO'l' Ca."f'M\&1.t~ on l>1ftbruary 14 

it ·mu, 9.2 P•P•~• and f'or .Four Mila on l'ebl'uary 16 it was 7.4 p.p.m. 



'.l'he probable winter minima of oxyii';en values for these three lakes VH}re 

about 4, 9., and not below ; P•P•••, respectively. Accordingly no 

:mortality mi.s e.rrtieipated on these tl'u:-ee lakes. 

Extent of the mnterkill in the various lakes 

At tha ti!ile the ice went out in March, no significant nwnbers of 

dead fish were obse,rved along the shores of Cava.naught Four :Mile, Mill, 

Sugarloaf. Cassidy, and Grass Lakefl. It was eoneluded that these 

lakes had no kill at all or else sustained only a very light one,. No 

dead fish ,,ere obserired at 'fhird Sister Lake J and it is considered 

unlikely th&t·aey heavy mort~lity t0-0k place. 

On Batt19ese, Gocn:1e, Green, and j,{erkle Lakes the windrowed dead 

fish were estimated to number 330,000. 'fhis figure represented an· 

a:ve:rage of several hundred fish per a.er•• 1'be fish were w.ostly half .. 

grown an4 adultJ th•re w•r• relatively fn young. l'he bl11egill pre .. 

dord.nated eJ."aong the dead fish. Pump't:1nseeds" hullhea.dt.., la:rgamouth bass .. 

ohubsuckttrs, yellow pe:roh, and northern pike were the other principal 

species represented. Subsequent netting in these four lakes has shown 

that ot the largemouth bass and bluegills, a fair number survived in 

Batteese Lake, a few in Goose Lake, and apparently none in Green and 

Merkle Lakes. Among the yellow perch, ohubeuckers, and northern pike 

there ViS.S e. considerable :mortality. but nevertheless a considerably 

better 1urvival than of bass and bluegills. Bullheads and golden 

shiners had the best survival. '.l'he selectivity of the kill by species 

was against the interests of fishermen a$ the mor~ desirable gaw.e 

species suffered the heaviest mortalities, and the least tlesirable 

species had. the highest rttte of survival., The same type of selective 



wiuterkill was noted ~,. Udy and Surber (l9h3), presumably f'or lakes 

in Nizmeaota. 

'fhe emmination of the records of mortality and survival of .fish 

in relation to mini:mu:n1 winter oxygen 'V'itlu.es f'or the several lakes 

(Table 2} leads to the conclusion that a heavy •ortality amQtl.g th• 

we,rm...wattilr lake fishes, at near .. f':raezing uter tempera.ttires, ooeurred 

only in 1ak$S whflre the dissolved oxygen was d.eplet$d to oonsidflrttbly 

less than l p.p.m. The critical poi:i:r!: for som.e species seemed to be 

in the range of 0.5 to 0.7 p.p.m. Among other species it was n•r 

o.; p.p.m. or even less. 

!he wlidity &t these conclusions rests on the rusllmption that 

the minim:i:rm oxygen valtH~s obtained et single statione on r1u,st ot 

th$ lakes were close approximations of the ma:;d.mu;11. amow.d; of ~gen 

available thx'oughout each en:M.re la.ks. It is reoog:uized. that som.& 

variation in oxygen (H)l'lO;(mtration does occur ov1r the lake surta.oe. 

and that inlets and flow from springs eomplicate -.tters by oreatug 

looal areas of higher than a.verag• oxygen conoen\:rations. The efi'eoi; 

ot an inlet carrying oi.yg•n-r-ieh we.tar can b~ illustrated by the oon

ti'Ut:ntre.tio:n of fish, described previously, i."'1 the stream flowing in to 

Green Lake. On the other hand, the fact that everJ one of 13 scattered 

st•tions on this same lake gave o:x:ygen determination• of' less than 

0,.8 p.p.m. offers strong argument for a high degree of rel:i.ahility 

for informa.tion secured at a single station. Furthermore, Gre'6ll Lake 

was the only l.Ake in which fish were observed by us or reported by 

f'isr>..ermen to oon.oentra.te in an inlet or outlet. fhe belief that surface 

oxygen conditions wei"e relatively tmif'orn1 throughout each lake received. 
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Table 2.--Relationship between the severity of depletion of disaolved oxygen and the :mortality and survival of fish in. 

11 lakes or southeaa'tern Michi6an 

Mill 

Ba:tteese 

Approximate minimum concentra-
tion (p.p.m.} of dissolved oxygen Extent of mortality and aurviftl 
in UJlper 1 t~ 4 feet of we. ter 

9.2 to :,.6 No kill 

7.4 to f.,6 (probably not 
below 5.0) 

4.1 to 3.0 

1.,1 to 0.7 (probably 
not below 1.0) 

0.7 to o •. 6 

o.6 te 0.5 

If ft 

Practically no kill1 largemouth bass,, bluegills. and other spea1•• present. 

Light kill., if any. Som.e kill reported; none observed.. Largemouth bass, 
bl:uegille,. and other species pre11u,nt. 

Very light kill of largemouth bass and bluegills.. lfo kill of other species. 

Ilea-vy kill of blueg1lla1 light kill of oth~r species. Fair survival or 
largemouth ba11e and bluegills; good stu•vi"11'8.l of perch, black crappies. golden 
shiners, brOWll and yellow bullheads, northern pike, pumpk:inseeda, mud. 
p1okerel, blti\okgtripe topinnow,. and brook s:Uverside. 

First Sieter 0.3 to 0.2 :mxten;t of mor'tality uncertain. Good survival of' golden shiners and bullheads., 

Heavy kill ot bluegille and lai-ge:mouth b&H J light kill ot other •peeiee .• 
Sm.& surviw.l ot largemoutb.baaa &nd bluegillsJ good survival ot perch, ohub
auckers, brawn and yellow bullheads, golden shiners, mud pickerel, and bow.fin. 

0 • .5 to 0.05 

0.3 to O.l Veey heaV7 kill of largemouth baH, bluegills, pwnpkinseeds, peroh, and black 
onppies; ligh'ter kill ot other species. Apparently no survival of largftlOUtb. 
base and bluegillaJ 100d survival ot perch• ohubsuokers, yellow bullheada, 
golden shiners, black.nose shiners, and mud pickerelJ aorM1 survival of black 
oRppiel!I aa4. pumpkinseed.a. 

Ver1 he&1Y kill of bluegills, chubsuokt,rs., largffll'!outh baas, black erappies, 
pu:mpld.1u•eda, warmou.th. northern pike. bullheads and perch. Some avvi:val ot 
brown and yellow bullheada., golden shiners, bow.t'ixl, blaeknose and blaokohin 
ahin•rs, tad.pole :madto.m e.nd Iowa dartar. Apparently no •iu-viva.l of base or 

_______________________ ..,.__b_l_u_•.,,1 .... 1_1_1_1!;__._ ------------------------------
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additional support :f'rom. the lack of Qoncentratione among the fish that 

<>ou14 b• seen :floating dead just below the ie•. 

The toleration threshold. of dissolved oxygen for largemouth base 

and bluegills was about o.6 p.p.m. Fer perch. mud pickerel, pumpkin ... 

seeds• northern pike• and ehubsu.ckera the toleration level., in the 

vicinity of 0.4 to o., p.p.m.. • was definitely lawer than ror bass and 

blU<tgills. Bulllurads and gold.en shiners sur'ri:ved in still lower 

oxygen eoneentrations ....... at leas than o.; or 0.2 p.:,.m. Some of' the 

1n1a.ller forage fishea, speoifioally blacknose and blackchin shiners 

and Iowa darters, iurvived in one lake which had lass than. 0.2 .l?•P•ID.• 

ot ootjrg;en. Even with. such low oxygen valu,es of o.; and lees, no 

instance w,u:1 en<:H)untered of a complete kill o:t all fish in a. lake. 

!hat certain spffies of fish Will tolerate lower concentrations 

of oxygen at near-.fre~&ing tempeMtures than will oth•rs has been 

de:monst:rated expt111"in't$n~lly 'by Moore (1942) and mentioned by Wilding 

(1939). Green.bank (1945), and others (reference• oited. bylHlding e.nd 

by Green bank). Moore determined oxygEm thresholdtiJ as follows• large ... 

mouth b&.ss and noz-thern pike, about 2.3 p.p.m.; yellow perc11, 1.51 

blacit crappie, 1.4; pUl:ll.pkinseed sunfish., 0.9; bluegill, 0.6; blaek 

bullh~ad, 0.3; and golden shiner; o.o. 'rhe thresholds as indicated 

by the present study- are notably lowe?" than Moore's figures, es

pecially for largemouth bass, northern pike• yellow perch, an:d black 

crappie. 
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