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Abstrect

Winterkills of fish in southern Yiechigan lakes during 19Li<L5
provided an opportunity to study the effect of different degrees of
oxygen depletion on the extsnt of mortality and survival of several
common species of fish. IDleven lakes were investigated. Several
inches of snow cover remained on the lakes from December 11 to
February 15, This abnormal persistence of snow cover was accompanied
by oxypgen depletion in some of the lakes to mid-winter lows oceocurring
about February li. The maximum concentration of oxygen in vertical
series taken at about the time of greatest depletion ranged from 0.2
to above 5,0 p.p.ne in the different lakes. Where oxygen depletion
was severe this maximum occurred only in & thin stratum immediately
beneath the ics. Heavy/winteﬁ:kills ocecurred only in those lakes in
which the dissolved oxygen was depleted to approximately 0.6 pep.m.
or less, The mortality wae greatsst among bluegills and largemouth
bass, apparently 100 percent in some lakes. Among the pumpkinseeds,
mud pickerel, northern pike, chub suckers, bullheads, and golden

ghiners there was a large rate of swvival even in lakes where the
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oxygen was reduced to 0.5 or 0.2 p.psms No instance wes ensountersd

of a complete kill of all fish in a lake.

Introduction

Winterkills of fish on an important scale, cccurred in many
¥ichigan lakes during the winters of 19%5.36, 1939-L0, 19L0-i1, and
194lei5, The lakes involved mre very shallew, with muck and peat
bottom, and with abundant vegetation, Nost winterkills im this
state have inveolved lskes in the southern half of the Lower Penine
sula. The reasons for this geographical distribution are not appar-
ent, but might depend on a greater fertility of the more southern
lakes or a general geographical difference in the character of the
cover of ice and snow,

The returns from & questionnaire sent to the Michigan Conserw
vation Offiecers, together with ouf gen observations, resulted in s
tabulation of 51 hms with & heavy kill in %:gg; and judging
from subsequent reports, the actual number probably exceeded 75.

For the winters 193536, 1939-L0, and 194041, Greenbank (1945;
Fig. 8) plotted the distribution of the "most serious instances® of
reported winterkills, recording 34, 12, and 11 lakes, respectively.

Presumsbly the true numbers of lakes which experienced important
kills during these years were considerably greater. In the 19LL-i5
kill, with counts of dead fish on seven lakes used as a basis, the
fish mertality in the 51 lakes was estimated at two million or more
fish, of which 8 substantial portion wes of game species.

The present paper deals with events of the winterkill in 1SLLeL5.
The study was begun in Jenuary, 1GL5 when it was suspected on the basis

of prevailing weether conditions that & winterkill might take plece,
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The field studies involved numerocus lakes, and the collection of
information of four btypes: (1) the results of analyses of dissolved
oxygen during Januery to Mareh of 19h5; (2) seme direet observations
on mortality and survival and on behavior of fish at the time of re-
duced oxygen; (%) a determination of the kinds and numbers of dead
fish that floated to shore at the time the lakes were cleared of ice
in the springs and (L) the results of gill netting and/or seining
during 1945 and 1946 to determine the kinds and relative abundence
of fish that survived, The present ascoouant is limited mostly to the
results obtained on gix lakes in which soms mortelity took place,
Several other lekes in which litile or no mortality occourred are cited
for comparison. The aim of this paper is to describe the relationship
boetween the degree of oxygen depletion and the extent of mortality and
survival of the various species of fish in the several lakes,

The results of an intensive study of the limnelogieal conditions
| related to winterkill in lakes of southern Eilchigan were the subject
of & recent paper by Oreenbank (1945)., That euthor alsc summariged
mach of the literaturse on the subjeet.

Winterkills are not only confined to shallow, mud«bottom, weedy
lakes, tut osour generally only during winters when lakes are covered
for an unueually protracted period by cloudy ice and heeavy snow,.
Cloudy ice and snow greatly inhibit the penetration of sunlight into
the lake water, Where such a condition prevails without interruption
for several weeks on shallow and organically rich lakes, the loss of
dissolved oxygen due to organic decoumposition so exceeds the produetion
of axygen by photosynthesis that oxygen values are eventually reduced
almogt te the vanishing point. Winter oxygen profiles on rich lakes

typically show much less oxygen in deep than in surfece waters, and



iy

in instences of extreme deplstion the oxygen mey be limited to mere
traceos in surface waters, Winterkills usually have been found a5
sociated with low dissolved oxygen. The majority opinion of wvarious
investigators hes been that the fish die bescause of a lack of oxygen,
although some have suggested that death might be due to the pressnce
of "poisoncus™ gases such as hydrogen sulfide, methene, and carbon
dioxide which 1s ususlly concurrent with low oxygen velues. The
question has not been settled by controlled experiments on the effect
of each factor alons. Thus it is not certainly established whether
the fish die because of lack of oxygen, because of the presence of
harmful gases, or bescause of & eombination of the two. Iowever, the
guestion is perhaps of limited importance to the present paper, in
which the most significant contribution is information on the extent

to whieh fish will survive st very low oxygen values,

Hethods

Sampling for determinations of dissolved oxygen was started on
four lakes on January 12 and was continued at approximately weekly
intervels to the first week in iarch. The seven additionsl lakes
were sampled on one or two detes during the first part of February.
In the four lakes that were sampled weekly, the extreme in oxygen
depletion was reached immediately preceding the thaw which occcourred
on February 1l to 15. It may be assumed, therefore, that the samples
from the other seven lakes in mid-February gave oxygen values which
were near the winter minime,

Semples were taken at several stations on Green Lake,at two
stations on First Sister, and at one station on each of the remsine
ing lakes. The stations on Green Lake were at scattered points in

both shallow and the deeper water and in an srea near the inlet. On
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the remaining lakes the stations were near or over the deepest water
snd/or near the lake centers. Holes were spudded through the ice
with as little agitation of the water as possible, Samples were taken
from the surface (upper foot) and usually at the bottom and at intere
mediste depths, by means of the can type of sempler described by
Greenbank (1945). Oxygen tests were msde by the ummodified Winkler
method.

Some observations were made on fish activity and mortality at
sampling stations and at larger holes cut in the ice for this purpose.
Examinations of the lake bottom for the presence of dead fish were
alded by the use of a canvas covering over the observer, During late
Fobruary obserwations were made on dead fish lying agsinst the under
surface of the iece in places where the ies wes transparent. At (reen
iake the concentration of live fish In th® inlet during the time of
greatest oxygen depletion in the lake was investipated.

On Green lake it was observed that & heavy mortslity occurred
during January and Februsry, thet laerge numbers of the dead fish were
}ying againgt the under surface of the ice during late Februery, snd
thet thesge fish drifted to shore en masse when the lake was cleared
of ice. A similar gsegquence of events was noted for dead fish on other
lekeg, It is concluded that s large portion of the dead fish will
appear along the leeward shore of a laks when the ice clesrs.

When the lakes cleared of ice about Narch 16, the presence or
absence of deasd fish along shore was noted, the fish were identified
as to species, and counts were made of their numbers. The counts of
fish along measured, representative sections of shere gerved as a
basis for estimating total mortality. Our figures on total mortality
are recognized as considerably below the true values, since it is be-

lieved that some of the dead fish do not come to the surface and also
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that meny of the smaller ones are disintegrated by weve and ice section
a8 they drift shorewsrd.

During the spring and summer of 1945 and 1946, the lakes which
suffere& & winterkill were netted (by fyke nets, gill nets, und seines)
to determine the kinds and zeneral abundeanee eof the species that had
survived,

The species of fish to which reference is mede in this paper are

as followss largemouth bass (Hure salmoides), bluegill (Lepomis

machroshirus), black orappie (Pomoxis nigro-maculatus), pumpkinseed

{Lepomis gibbosus), warmouth (Chasnobryttus coronarjus), mud piekerei

(Esox vermiculatus), northern pike (Esox lucius), brown bullheed

(Ameiurus nebulosus), yellow bullhead (Ameiurus natelis), black bull-

head (Ameiurus melas), tadpole medtom (Schilbeodes mollis), lake

chubsucker {Brimyzon sucette), yellow perch (Perce flavescens), Iowa

darter (Poecilichthys exilis), golden shiner (Hotemigonus erysoleucss),

blackehin shiner (Hotropis heterodon), blacknoss shiner gﬁqtregis

heterolepis), western mudminnow (Umbra limi), blackstripe topminnow

(Fundulus notatus), brook silverside (Labidesthes sicculus), and

bowfin (Amia calvae).

Degoription of the lskes

The lakes, with which this paper deals, are located in the south-
eestern corner of the Lower Peninsula in Washtenaw and Jackson
Counties, Their names, locations, and some of their physical feabures
ere given in Teble 1. The last five lakes listed are those in which
an extreme oxygen depletion was sccompanied (in all except one) by
heavy mortality of fish., These lakes range in size from 4 scres up
to ebout OO meres, Their meximum depths are mostly less than 20

feet, and their average depths smbout 3 to 7 feet. They have either

S



Teble l.e~Looations and some physical features

of lakes considered in this raport

Township Eaximum | Approximate Iniet
Lake County and Area depth average and
range acres) (feet) |depth (feet) sutlet
Cavanaugh Washtenaw {2 5., 3 E. 217 20 6 Hone
Four Hile " 1&28., LE, 256 18 5 Both small
Hill " 2 8., 3 E. 142 25 8 n o9
Sugarloaf " 18., 3 E, 180 20 L Inlet 100 gopem.¥,
and springs,
large outlet
Cassidy " 1 Se, 3 Ea Lé 12 L Ko inlet, small
outlet
Grass Jaokson |2 S., 2 E. 360 V1o Y5 Both small
Batteese " 1S, 1E, 100 V16 ¥ L
First Sister Woshtenaw {2 8., 5 E. L 20 T Hone
Goose Jackson [28.,, 1&2E, | L25 V8 V3 Both small
Green Washtenaw {1 8., 3 E. S0 i1 L Inlet 50 g‘p.m.‘?/,
dam at outlet
Herkle Jackson 1 S., 2 Ee 88 12 L Hone

\}/Figures are estimetes based on casual cbservations. Intensive surveys have not been made,.

¥ Gallons per uminute
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very amall inlets and outlets or none at all, and consequently there
is no appreciable displecement of water during the winter. Hooted
plants are abundant in most of them. In most features the six lakes
that did not suffer heavy winterkill asre closely similar to thoss that
did heve winterkiil.

Time and nature of the snow and icecover

These lakes were frozen over by early Dscember in 1Skl and were
blanketed by several inches of snow on December 11, They remained
compleotely covered by snow almost'continuedsly until February 15, 19L5.
The thickness of the snow cover, which wes measured frequently from
January 12 to Februery 1, varied from 2 %o 5 inches and averaged about
3 inches. Additional snowfall ou January 22 and Februsry 7 oompensated
for occasional light thawe and packing. Thers wag little rein or thaw
water on the ice; thus the snow and ice remained dry throughout the
period., The thickness of ice averaged approximetely & inches on
Jenuvery 12, 10 inches on Jenuwary 29, and 12 inches on February 12.

On Pebruary li-15 there occurred a 2h-hour thew end lizht rain
which cleared most of the snow from the lakes. As & result the ice
surface was covered with large amounts of water which poured into the
lakes through fractures in the ice, This thaw initiated a period of
oxygen rejuvenation in those lekes which up to February 1l were
experiencing & considerable oxygen depletion, Subseguent thaws, in
late February and searly larch, added morse surface water to pour inte
the lakes. The lakes were clear of ice on Harch 16. February 1
marked the end of the downward trend in dissolved oxygzen.

Severity of oxygen depletion and reactione of the fish
In the vertical series of oxygen samples at the various stations,

the surface samples (taken at a depth of from & inches to & foot below



the surface) almost invariably had the most oxygen. Ia the following
discussion only the surface oxygen veluesare cited in most instances.

Haximum oxygen values on Green Lake at two stations on Janusry
12 were 2.2 and 4.7 pepeme; Bt the one station sampled on January 22,
the maximum was 0.0 pspem.y &t two stations on Januvary 29, the highest
values were Q.4 and O.1 p.p.me; at eight stations on January 31, oxygen
in surface samples ranged from 0.05 to 0.8 p.p.mes and at seven
stations on February 5 to 7, surface walues ranged from 0.1 to 0.3
PeDelle

The single inlet to Green Lake was about 150 yarde in length,
and had a flow of about 50 gallons per minute; the current was mostly
sluggish, This inlet served as ® refuge for many fish while the lake
was at & low point in dissclved exygen. On Jenuary 29 it contained
an estimated 2 to L thousand fish, 3 to 8 inches long. Included were
mud plekerel, bullheads, chubsucksrs, golden shiners, pumpkinseeds,
yellow perch, and mudminnows, No bluegills, érappies, or bass were
seen, however, among hundreds of fish identified. On January 31 the
number of fish "packed" into the inlet was estimated at 15,000, At
the head of the inlet, above the 15,000 fish, the dissolved oxygen
was T.l, while at the mouth of the inlet it was (.05 p.pem. The
estinated 10,000 fish, whieh lkad moved from the lake inte the inlet
betwesn Janusry 29 and 31, had been living in the lake during a
period, probably of at least seoveral days, when the oxygen was below
1 DepPems

On January 29, meny dead fish were cbserved on the bottom of
Green lLake through large holes cut in the ics. Oxyzen in the lake
had been below 1 p.p.m. for at least a week. OSeveral live bluegills

(adult end young), bullheads, pumpkinsesds and perch appearsd in one
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of the openings on January 29. These fish apparently were distressed,
but otherwise normal., The oxygen concentration was 0.y pepem. at the
surfacs in this opening. At one of the holes, reopened on January 31,
five live adult black crappies were observed; the surface oxygen was
048 pepemes On February 1, meny bullheads and one golden shiner were
obsarved in an opening whers the surface oxyzen was 0.8 p.peme On
Februery 5, several dead bullheads and one live one were ghbserved in
a reopened hole whare surface oxygen was Ol Pepem.

The ovbservations et Green Leke indicated that by the time dis-
solved oxygen had been reduced to less than 1 p.p.m. {(quite uniformly
over the lake and in the lower part of the inlet) there had been a
considerable mertality of fish. Iany fish were still living, however,
in the lake including some bluegills end black orappies and (those
which subsequently moved into the inlet) many perch, mud pickerel,
bullheads, pumpkinseeds, chubsuckers, snd golden shiners.

In Third Sister lake, which is without inlet or outlet, dissolved
oxyzen at the two stations was down to less than 0.5 pspems for st
loast a week in February, The surface valuss were 0.4 and 0.2 p.p.m,
en February 5 and 0.2 and 0.3 p.pems on February 1i. For the followw
ing two wesks the oxygen concentration was mostly less them 1 pe.peme
A windedriven air pump had been installed at the lake, with the air
vont near the lake bottom in about 8 feet of water. The upwelling
of water caused by the release of air from this vent kept a itwelve
foot opening in the ice almost continuously, The air pump was not
sccomplishing its intended purpose of mainbaining a high oxygen cone
gentration in the lake, but it provided an opening for frequent
observetions. One of the two sampling stations wes at this hole above

the air-pump vent, On January 12 and 29 surface oxygen values were
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2:9, 2.3, and 1.1 p.pe«m., and there was no concentration of fish at
the air hole, On Februery 5, when the surface oxygen was Ol pepema
at the center of the lake and 0.2 p.p.ms at the air hole, live fish
were observed et this openings These fish included several young
bluegills and shubsuckers, several hundred golden shiners, end several
adult mud pickerel., The fish were distressed and were crowding near
the surface, but they were sufficiently wary to be readily frightened
away. On February 1l the surface oxygen waes down to 0.2 and 0,07
DePems 8% the two stations, snd 8 sample secured by skimming the
surface film at the air hole gave only 0.3 pep.m. of oxygen. A%t this
time there were an estimated 10 to 20 thousand fish milling sround at
the surface of the air hole. They were distressed, but still wary and
easily frightened. The fish were mostly polden shiners and bullhesds,
plus & few ehubsuckers, pumpkinseeds, black crapples, mud pieckerel,
and mudninnows, and one northern pike. About a dozen dead golden
shiners and bullheads were at the surface, It is concluded that in
this lake meny thousands of fish, mostly golden shiners snd bullheads,
lived for et least a week at oxygen concentrations of less than 0.5 pDepeRe
On Batteese Lake the surface oxygen concentration was 7.8 p.peme
on January 12, 1,6 p.pems on February 5, and 0,05 and 0.0 p.p.m. at
two stations on February 13. Fresumably the February 1% walues reprew
sented the low point for the seamson. In & fish shenty near one of the
stetions on February 13, we observed about & dozen juvenile bluegills
pass beneath us during e period of ten minutes. Fishermen reported
seaing no dead fish up to this date, but they had observed that fish

were wmusually near the surface,
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&t Grass Leke oxygen concentration at tho surface was Cs7 pepere
on Februsry i (presumsbly the low point for the sesson). On this
date and near the sampling stetion live bluegills were observed he
neath thin ice in a froszenesver {ishing holes OUn Februsry 27 trans-
parent ioce provided a zood opportunity to observe any dead fish lying
againet the undsr surface of the ics. SLince we counted only s few
dozen cemtrarchids and pereh, thsre spparently had besn only & very
light kill. |

n February o surfaee oxygen on lierkle lake wes 0.2 .?oPﬂE. and
on Goose lake 1t wes 0.5 p.p.ms Ho observations of mordality were
made on these two lakes abt the time of exygen saapling.

{n Sugarloaf lake oxygen valuss at the one station were 5.
PeDolis On JANVAYY 12, 749 pPepeite on Jonuary 22, L. pepot, on January
29, 246 pepeme on Februsry 5, snd 1.3 p.p.me on February 12, on
February 19, the welues wers 1.8 p.p.s. ot 2 depth of 3 inches and
0.7 peperts 8t & dopth of frem € inches %o a foot. The labtber figures
presumnbly represent the wminimus for the winter. In early Harch a
very few deed figh were seen through the ies. Fishermen {several)
reported sosing no distressed fish around their fishing holes.

Oxygen samples on Cassidy bake wers taken only on February 19,
four days afber the thew on February 15. The surface oxygen was
16l pepeite, axnd judging from the observsd oxygen changes on other
lakes during this period, it is probably that this figure for Csssidy
Lake was not much above the wintor low., The surface oxypen value for
#3111 Lake on February 12 wes Ll s.pene, for Cavanaugh on Februsry 14

it WaE 9.2 pepetia &nd for Four Hile on February 16 it wes 7. pepems
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The probable winter minims of oxygen values for thess three lakes were
about li, 9, and not below 5 peDelte, rea;aetively. Aceordingly no

mortelity was antiecipated on these three lakes,

Extent of the winterkill in the various lakes

A%t the time the ice went ovt in Hareh, ne significant numbers of
dead fish were observed along the shores of Cavanaugh, Pour iile, ¥ill,
Sugariosfl, Cassidy, and Grass lLakes, It was concluded that these
lakes hed no kill at all or else sustained only & very light one. o
dead fish were observed st Third Sister Lakejy and it is considered
unlikely that any heavy mortality took placs.

On Battesse, Goose, Oreen, and Merkle bakes the windrowed dead
fish were sstimeted to number 3%0,000. This figwre repressnted an
average of several hundred fisﬁ por acrés. The fish were mostly halfw
grown and edulti there were relatively few young. The bluegiil pre-
daominated emong the dead fish. Pumpkinseeds, bullheads, largemouth bass,
chubsuckers, yellow perch, and northern pike were the other priancipal
species represented, Subsequent nebtting in these fouwr lakes has shown
that of the largemouth bass and bluegills, a fair number survived in
Batteoge Lake, a few in Goose lLake, and appareatly nons in Green and
lerkle Lakes. Among the yellow perch, chubsuckers, and northern pike
there wms s considerable mortality, but nevertheless a considerably
better survival than of bass and bluegills, Bullheads and golden
shiners had the best swrvival. The selesctivity of the kill by species
was aghinst the interests of fishermen as tihe more deslirable zame
species suffered the heaviest mortalities, and the least desirable

species had the highest rete of survivel, The same type of selective
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winterkill was noted by Bddy and Surber (1943), presumably for lakss
in Einnesotsa.

The ex&minatioﬁ of the records of wmortality snd swvival of fish
in relation e pinimws winter oxygen values for the several lakesg
(Table 2) leads to the conclusion that a heavy mortality among the
warm~water lake fishes, at near«freeting water temperaturss, cccurred
only in lakes whers the dissolved oxygen wes depleted to considerably
lese then 1 p.pems The eriticel point for some spscies seemed %o be
in the renge of 0,5 to 0.7 p.psms Aumong other speciss it was near
043 pepsM. or even less,

The wlidity of these eonclusions rests on the assumpiion that
the minimum oxygen valuwes obteined at single stations on most of
the lakes were close approximations of the mazimum smount of oxygen
available throughout each entire lakes It is recognized thet some
variation in’exygan concentration doss occur over the leke surface,
and that inlets and flow from springs complicate matters by creating
local mress of higher thaen average oxygen consentrastions, The effect
of an inlet carrying oxygen-rich weter can be illustrated by the con-
centration of fish, described previously, in the stream flowing in to
Green Lake, Oun the other hand, the fact that every one of 13 scattered
stations on this same lake gave oxypgen determinetions of lsss than
048 pep.m, offers strong argument for a high degree of reliability
for information secured at a single station. Furthermore, Gresn Lake
was the only lake in which fish were observed by us or reported by
fishermen to concentrate in an inlet or outlet. The belief that surface

oxygen conditions were relatively uniform throughout emech lake received
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Table Z2.~-Relationship between the severity of depletion of dissolved oxygen and the mortelity and survivel of fish in
11 lakes of southeastern Michigan

Approximate minimum concentra-

Lake tion (pe.pem.) of dissolved oxygen | Extent of mortality and survival
| in upper 1 to L fest of weter
Cavanaugh ] 9.2 to 3.6 Ho kill
Four lile 7+l to 2.6 {probably not voon
below 5.0)

Mill | Lol to 3.0 ron

Sugarloaf 1.8 to 0.7 Practically no kill; lergemouth bass, bluefllls, and other aspecies pressent.

Cassidy 1.1 to 0.7 {(probadbly Light kill, if eny. Some kill reported; none observed. Largemonth bass,

not below 1.0) bluegills, and other species present,

Grass 0.7 to 0.6 Very light kill of largemouth bass end bluegills. Ho kill of other species.

Battesse 0.6 to 0.5 Heavy kill of bluegills; light kill of other speciss. Falr survival of
largemouth bass and bluegills; good survivel of perch, black crepples, golden
shiners, brown and yellew bullheads, northern pike, pumpkinseeds, mud
pickerel, blackstripe topminnow, and brook silverside.

First Sister | 0.3 to 0.2 Extent af‘mortality uncertain. Good survivel of golden shiners and bullheads.

Goose 0.5 to 0.05 Heavy kill of bluegills and largemouth bassy light kill of other species.
Some survivel of largemouth bass and bluegills; good survival of perch, chube
suckers, brown and yellow bullheads, golden shiners, mud pickerel, and bowfin.

Green 03 %o 0.1 Very heavy kill of largemouth bass, bluegills, pumpkinseeds, perch, and black
erapples; lighter kill of other species. Apparently no survival of largemouth
bass and bluegills; geod surviwvel of perch, chubsuckers, yellow bullheads,
golden shiners, blacknose shiners, and mud pickerel; soame survival of black
crappies and pumpkinseeds.

Herkle 0.2 to 0.0 Very heavy kill of bluegills, chubsuckers, largemouth buss, black crappies,

pumpkinseeda, warmouth, northern pike, bullheads and perch. Some surviwval of
brown and yellow bullheads, polden shiners, bowfin, blecknose and blsckehin
shiners, tadpole madtom and Iows darter., Apparently no survival of bass or
bluegills.
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additional support from the lack of ¢eneentrati§ns among the fish that
could be seen floating dead just below the ice,

The toleration threshold of dissolved oxygen for largemouth bass
and blusgills was about 0.6 p.peme For perch, mud pickerel, pumpkin-
seeds, northern pike, and chubsuckers the toleration level, in the
vicinity of 0,4 to 0.3 pup.m., was definitely lower than for bass and
bluegills, Bullheads and golden shiners survived in still lower
oxygen concenirationsw-~at less than 0.5 or 042 papeme BSome of the
smaller forage fishes, specifically blacknose and blackchin shiners
and Iowa darters, survived in one lake which had less than 0.2 p.pem,
of oxygen. Even with such low oxygen values of 0.3 and less, ne
instence was encountered of a complete kill of all fish in a lake,

That c¢ertain speeies of fish will tolerate lower concentrations
of oxypen at near«freezing tempsratures then will others has besn
demonstrated experimentally by Hoore (1942) and mentioned by Wilding
{19%9), Greenbank (1945), and others (references cited by ¥Wilding and
by Greenbank). Hoore determined oxygen thresholds as follows: largew
mouth bass and northern pike, about 2.7 p.pem.; yellow perch, 1l.5;
black crappie, l.l; pumpkinseed sunfish, 0.9; bluegill, 0.8; black
bullherd; 0.%3 and golden shiner, 0.0. 7The thresholds as indieated
by the prssent study are notably lower than loorse's figures, ese
pecially for largemouth bass, northern pike, yellow perch, and black

ocrapple.
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