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PREFACE

Lteavvrrce M. Seattrreers

June 1981

A water body as large as Lake
Michigan has a geographic character
exclusive of the land around it. The plant
and animal life in the Lake, che physical
characteristics of the water, the weather
and climate over che water area, the

geological structure forming the Lake
basin, and the sediments on the bottom

all exhibit patterns important to the
human use of the water body.

This publication focuses on the
seasonal distribution of eight fish species
in Lake Michigan. These patterns are
related to other physical characteristics
of the Lake such as water depth and
temperature, and human infiuences such
as pollution and commercial and spore
fishing.

Many people and organizations made
this reseat'ch possible, Funding was
through generous grants from Michigan
Sea Grant, The authors especially wish to
acknowledge the encouragement and
administrative support provided by
Alfred M. Beeton, Howard E. Johnson
and John H. Judd of Michigan Sea
Gran c.

The technique of depicting the
seasonal distribution of fish species was

developed with the aid of the biological
expertise of LaRue Wells and Edward
Brown, U.S. Fish and Wildlife Service,
Great Lakes Fishery Laboratory, Ann
Arbor, Michigan. These two Lake
Michigan fish experts also reviewed the
distributional patterns of perch, chubs,
alewives and lak« trout and provided
valuable suggestions for the text
accompanying the maps. Mercer
Patriarche, Michigan Department of
Natural Resources, reviewed the maps
and text for whitefish and salmon. David

Jude, Michigan Sea Grant, Ann Arbor,
provided significant input to the text on
the physical characteristics of the Lake in
relation to fish. John Magnuson,
Director, Institute of Limnology,
University of Wisconsin-Madison, gave
early encouragement to the study and
reviewed the alewife maps. Clifford
Mortimer, former director of che Center
for Great Lakes Studies, University of
Wisconsin-Milwaukee, was helpful in
the research formulation stage. Fishery
biologists who contributed significantly
at various points were: Ronald Rybicki,
Charlevoix Offic'e, Michigan DNR
Fisheries Division; Asa Wright, Lansing

Office, Michigan DNR; Ronald Poff,
Fisheries Division, Wisconsin DNR,

Madison, Wisconsin; and James D.
Moore, Green Bay Headquarters,
Wisconsin DNR. Carlos Fetterolf,
Executive Secretary, Great Lakes Fishery
Commission, provided encouragement,
The DNR offices in the scates bordering
Lake Michigan also provided essential
planting information on salmon and lake
trout.

This publication is truly the product
of an interdisciplinary team. The
cartography was done primarily by
Cymbria Thompson and Thomas W.
Colucci at che Center for Carto-

graphic Research and Spatial Analysis,
Department of Geography, Michigan
State University, Under the direction of
J. Michael Lipsey, various student
cartographers also made important
contributions. Theodore Alm researched,
designed and drafted several maps in the
early stages of the project. John Plough,
Department of Geography, MSU,
compiled an annotated bibliography of
Lake Michigan for the project.
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Billions of fish inhabit the shallows

and depths of Lake Michigan, the sixth
largest lake in the world. Anyone who
has ever tried to hook a succulent lake

perch knows that the movements of fish
are anything but reliable, Yet their
actions are far from random.

This publication tries to explain the
distribution patterns of selected Lake
Michigan fish species. It links the
physical and geological characteristics of
the Lake, the biological requireinents of
the fish, and the influence of human use

of the Lake which together have shaped
the distribution of fish in Lake Michigan.

Several unusual conditions make Lake

Michigan an interesting case study for
analyzing fish distribution. First, Lake
Michigan sti'etches 307 miles �94
kilometers! north to south. Second, over
the years the Lake Michigan fish
community has undergone several
changes in species coinposition,
population level and location, Third,
population levels and preferred locations
change for fish from season to season.
Fourth, recently, predators and pollution
have affected the fish populations. Fifth,
the amazing growth of the sport fishery
since salmon planting began in 1966 is
unprecedented in the world. Sixth, the
large human population with easy access
to the Lake puts huge pressures on the
fish resources, Thus, Lake Michigan
illustrates the ef'fects of several factors

iinportant in fish distribution.

Lake Michigan, the largest lake
entirely within the United States, covers
22,400 square miles. It is roughly
divided into two basins, The northern

half has a complex, rugged bottoin
topography. It has several islands and
two inajor bays � shallow Green Bay and
the deeper Grand Traverse Bay, The
deepest point is 923 feet �81 ineters!.
The southern basin is shallower, more

gently sloping and has a smooth bottom.
Its inaximum depth is 5 58 feet �70
meters!. The northern shore is largely
rocky, the eastern and southern shores
are sandy and the western shore is mixed
glacial materials � clays, silts, gravel and
boulders,

About 40 fish species are commonly
found in Lake Michigan, about a fifth of
all the species in the Great Lakes basin.
Most species are native to the Lake.
A few have been added by design
and others have inade use of human

alterations of the connecting waters and
channels to gain access to Lake
M ichigan.

Glaciers shaped the Lake Michigan
basin. The topography varies from rock-
scoured hills in the north to sands, clays,
silts, gravels, and boulders along the
other shores.

The drainage basin is largest in
Michigan with the St, Joseph,
Kalamazoo, Grand, Muskegon,
Manistee, and Menominee Rivers, all of
considerable size and water volume. The

Fox River, emptying into Green Bay, is
the major drainage area in Wisconsin.
Both Indiana and Illinois have very smaH
shore areas that drain into Lake

Michigan.
Land uses and population centers

affect water quality and thus the fish
populations of Lake Michigan. Plowing,

Lake whitefish
Cosogonas ~laPouf~is



Fish Species in Lake Michigan

frere or sltnost extioct

The Water

intense fertilization and applications of
herbicides and insecticides are

agricultural activities which affect water
quality. Agriculture is well developed in
the Fox River Valley and the coastal
areas of Wisconsin with cash grain crops
and dairy farming as major activities
along with the speciahzed cherry
production on the Door Peninsula, In
Michigan, a fruit belt extends from
Charlcvoix to the Indiana border,

Further inland, there is dairy farming,
horticultural crops, and specialty
agriculture such as chicken production in
the Holland-Zeeland area, Surrounding
northern Lake Michigan are forest and
recreation lands. Lumbering and paper
and pulp manufacturing are found in
both Wisconsin and Michigan, The
population of the northern Lake
Michigan basin is small compared with
the southern region,

Along the southern shores and

Sea lamprey
Lake sturgeon
Alevrife
lake whitefish
Bloater

tBlackfin cisco
tLongjaw cisco
tShott jaw cisco
tDoepwates cisco
tKiyi
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Lake uout
Brook trout
Rainbow trout
Brown trout
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Chinook salsnon
Rainbow srneh
Northern pike
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Emerald shiner
Spottail shines
Longnose sucker
White sucker
Channel catfish
Bullheads
Trout-perch
Burbot
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Ssntdlmouth bass
YeHow perch
Walleye
Fresbwaterdtum
Slitny sculpin
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Fourhosn sculpin

Pes rs nryzon sos ri aus
Asrprnser fulvessons
Alosa pseudoiwrrngus
Corogonus rbspeaforsuis
Coregonus hoyi
Coregonus «i gripi uni s
Cerrgonus alponas
Co svgonus rani tbisus
Coregenus jshannsu
Corrgonus beys
Coregonus seigha rdi
Coregonus awsdit
Prosopi srso syli ndracr urn
Salsulinus «ass ay rush
Salrelin us fronsinali s
Salsuo gai rdneri
Saline trutta
Onto rhynshus bs'sutsh
Onto rhynrhns tshasvytscba
Osnserus ntordax
Esex lusi us
Cyprinus rarpio
Notropis ashsri noides
Xosropis budsonius
Casestosnus catosto n us
Casossosuus roornserso ni
Istalut us punssatus
lssalurns spp.
Perropis osoisconsaycus
Losa iota
Pi ngi tsus pingi tins
Alicropserus dolosni eui
Persaflavossens
Stszossrdson visreuus visrsusu
Aplodinotus grunniens
Cotsus sorgasus
Coitus rsros
tttyoxosephalus stuadrshorni s

adjacent areas, the industrial
concentt'ations and dense urban

populations have a major influence on
Lake water quality and fish distribution.
The Chicago-Gary, Indiana, consolidated
tnetropolitan area, For instance, has a
population of about 7.6 tnillion and the
Milwaukee-Racine area contains an

additional l. $ million people. The
Michigan counties which drain into Lake
Michigan contain about 2. > million
people. How these people earn their
living in the Lake Michigan drainage
basin shapes water quality of the Lake.
Human uses of the Lake � for

commercial ship transportation,
recreation, fresh water supplies,
comtnercial and sport fishing and
others � all put pressure on Lake
resources. The handling of the industt'ial,
commercial, domestic and agricuhural
wastes is key to controlling Lake
Michigan water pollution.

Lake Michigan contains 1, 1 70 cubic
miles �,870 cubic kilometers! of water.
Water flows in From tributaries draining
the Lake basin and From the St. Marys
River, and rain and snow Falling on the
Lake itself. Melting snows and basin
precipitation in spring and summer add
the most water. Thus, the highest annual
water levels occur during the warin half
of the year culminating in August. Water
leaves the Lake mainly through the
Straits of Mackinac and the rest of the

Great Lakes systetn. Much water is also
lost through evaporation,

Lake elevation above sea level also

varies considerably due to water gain and
loss over time, The highest recorded level
was $81.3 feet in 1886 and the lowest

$7 S.5 feet in 1964  a difference of $.6
feet!. Varying water levels cause
diff'erences in the amount of beach area

or erosion of shore dunes and bluffs;

erosion influences harbor depths, water

depths along shore, and the amount of
suspended particles in the offshore water.

The temperature of the water varies
greatly during the year. Nearshore areas
freeze during the winter  normally
January through March! but there are
usually large areas of open water all
winter in the center of the Lake. Colder

winter air temperatures create more
extensive ice cover in the northern

shallow water areas, Normally, Green
Bay coinpletely freezes over in winter.
Warm season temperatures vary with
water depth, flut tuating air
temperatures, and the direction and
strength of winds.

Lake Michigan is classified as a cold,
deep, and clear oligotrophic body of
water; it has low levels of dissolved
nutrients, is high in dissolved oxygen,
and has few aquatic plants and algae.
Water quality is generally high,
Consequently, the most numerous
phytoplankton � free-floating
microscopic single-celled plants
 algae! � are desirable diatotns; but green
and blue-green algae are also abundant
during certain warm water periods.

The Lake has been enriched in this

century by nutrients in sewage,
agricultural drainage and other runoff
tnatcrials. Enrichment has caused the

Lake to become slightly tnesotrophic
 containing moderate levels of dissolved
nutrients!. Enrichment and pollution
levels are highest in the southern half of
the Lake corresponding with population
concentrations and lake use. Recently,
the enrichment process has been slowed
considerably by pollution control and
phosphate detergent bans. Along the
shore where major urban and industrial
wastes are entering Lake Michigan there
are some localized pollution problems.
Together the land and water have
influenced the kind of fish populations
that have evolved in Lake Michigan.
Major species are shown on page l.
Changing physical, biological, and
huinan factors all played important roles
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The Method

Lake Michigan's Water shed

DD ms'

in the character of thc water and the fish

coin m un ity of Lak e M ichigan.

In the last 30 years, the Fish
community in Lake Michigan has
undergone major upheavals. The invader
sea lamprey decimated native fish
populations, clearing the way for a
massive population explosion of alewives.
Salmon were introduced to feed on the

alewives and to provide a sport fishery,
Salmon have revolutionized sport fishing
patterns in Lake Michigan and have

sparked new interest in Lake Michigan
among many people.

Drawing on the wealth of scholarly
work available on Lake Michigan fish,
this publication presents, largely in map
and graphic form, the distributional
characteristics of some major Fish species
found in Lake Michigan, Also, the
important Factors responsible for the
distributional patterns ar e analyzed. The
approach is primarily the spatial
distribution and analysis methodology of

the discipline of geography. The
publication is designed to be useful to
fishers, scholars, planners, decision-
makers, students, and the curious.

Complete statistics do not exist to
show where the various species of Lake
Michigan fish can be found at various
times of the year for all parts of the water
body. However, fishery biologists using
research trawls have collected

information on how deep, ar what
temperatures, and in what amounts
various species of fish occur at different
times of the vear Also, scientists and

fishers have information on commercial

and sport catches, spawning grounds,
and migrations. This information was
used to supplement sampling statistics

Experimental maps were compiled
shov;ing three categories of
concentration � main, moderate, and light
or none. Zones delineating the seasonal
distributions of most species were drawn
in consultation with fish biologists
LaRuc Wells and Edward Brown of the

Great Lakes Fishery Laboratory, Ann
Arbor A bathymetric map showing
bottom depths in feet was used as the
base map. Bottom depths rather than
water depths were used because most
species show concentrations near shore
and Few or no fish occur at the same

water depth in the central part of the
Lake Experts checked the draft
distributional maps  or each species for
accuracy. The maps on pages 2 l to 3$
show places where fish are likely to be
found at different times of the year based
on factors which affect distribution. The

maps show Lake areas where conditions
exist for certain concentrations of a given
species but this does not guarantee that
fish will actually be found evenly
distributed through these areas.



Facrorcs of DisrrciburioN

TEMPERATURE

WATER DEPTH

Fish in Luge Michigan contend with a
variary of physical, biological ana' human-
induced factors which determine thew survival
as a species and their populari o» si qe. These
same factors often determine disrriburiors and
migr ati o» patterns as well,

Natural factors include water deprh,
temperature, surface currents, and «pwellings,
'Water qualiryis a combination of natural
and human causes. Human interucnti o»s

include sroclred species, species i»ad'vcrtenrly
admitted to the Lage, and fishing pressure.

This sccti on emphasizes the variables which
influence rhe distributr'on of jbpeciesin Lage
lrtlichigan an« mageit possible to map those
drstrrbution patterns.

Some factors are closely related such as high
summer water temperature and shallow «rater
depth. Sometimes the relationships are human-
causea' such as high water temperatures i » the
vicinity of heated water discharges from electric
generating plants,

Together with food availability and
spawning requirements, water temperature is
rhc prs'mary determinant of life distribution in
thc Laic, Water temperatureis affected b
water depths, air temperatures, surface
cutouts, upwellings and heat fr om the su».
Fish distribution patterns shown in this
publication arc closely related to seasonal water
temperature changes; these vary by depth as
well as geographical location t'n Lage
Michiga».

Lake Michigan was forined during the
Pleistocene  Ice Age! Period about
11,000 years ago. Continental glaciers
gouged out river valleys to form the Lake
Michigan Basin. The Lake floor consists
of the sands, silts, gravels, clays and

boulders which the glaciers deposited on
the rest of the Upper Midwest. Thin
layers of fine sediments have since been
laid down on top of the glacial materials
in inost Lake bottoin areas.

Lake Michigan divides roughly into
northern and southern basins with a

shallow area separating the two. The
shallow area roughly between Muskegon
and Milwaukee ranges from 240 to 360
feet �9 to 118 meters! deep through the
central portion of the Lake.

The southern basin has relatively
simple bottom and water depth patterns.
The Lake deepens gradually to a
maxiinum depth of 558 feet �70
meters!. The shallow water zone less than
60 feet �0 meters! deep is nearly twice
as wide in the west  Wisconsin! and
south  Illinois! as on the east  Michigan!
side. This shallow zone is the inost

productive area of the Lake because of
the greater concentration of nutrients in
the water,

The northern basin of Lake Michigan
has a highly diverse bottom topography,
This portion of the Lake can be divided
into four regions, A relatively shallow
area extends across the entire Lake west

oE the shore between Ludington and
Muskegon; maximum depth is about
570 feet �88 ineters!. A very deep area
between Ludington and the mouth of
Green Bay reaches a inaximum depth of
92 3 feet �80 meters!. The shallow
bays � Green Bay, and Little and Big
Bay de Noc with a inaximum depth of
120 feet �9 meters! contrast with the
deep bays � Grand Traverse and Little
Traverse Bays � which reach depths of
over 600 feet �90 meters!. In the
northwest the bottoin topography is
complicated by islands, deep troughs,
and shoals. The islands are surrounded

by large shallow water areas,
The variety of water depths in the

northern part of the Lake creates suitable
habitat for a variety of fish species. The
island shallows and Green Bay are warm
in suinmer, a suitable habitat for species
such as yellow perch, The deep bays,
Grand Traverse and Little Traverse

Bays, reinain cool all summer. Their
depths are favored by lake trout and
whitefish during much of the year.

In general, Lake Michigan's shallow
waters are warmer in summer and colder

in winter than its deep waters. Thus,
depth plays a major role in fish
distribution by setting up temperature
zones to which fish react.

Because fish are cold blooded, they
take on the temperature of the water
as'ound them. Teinperature also controls
many aspects of fish physiology and
behavior, Thus, it is not surprising that
water temperature is the principal factor
influencing the distribution of fish in
Lake Michigan throughout the year.

Fish respond to daily, periodic, and
seasonal changes in water temperature by
inoving to another place in the Lake with
water of a preEerred temperature. Also,
changes in water teinperature may
trigger soine behavior such as spawning
or migration. Some fish react more
strongly to water temperature than
others. Fish seek water temperatures best
suited to their daily and seasonal
activities. Their preferred temperatures
vary by species and by activity. For
exainple, lake trout prefer cooler
temperatures for feeding than do yellow



perch. Salmon tolerate warmer
temperatures when spawning than they
do when feeding. Combining Lake
Michigan water temperature patterns
with the Fish's preferred temperatures
suggests places where fish are likely to
concentrate at a particular time of year.
However, predictions are difficult
because Lake Michigan is so large and
deep that its temperature patterns are
quite complex.

Just as the land surrounding Lake
Michigan routinely moves through the
seasons, the Lake itself undergoes its
own continuous water temperature cycle.

The water temperature profiles on the
accompanying diagrams help show the
changes in water temperature that occur
through the year. Imagine that Lake
Michigan is sliced in two on a line from
Manitowoc to Ludington, The
temperature profile shows an end-on
view of one slice of the Lake. The lines

are isothermal lines  isa meaning the same
and thermal for temperature! which link
depths of the Lake having the same water
temperature, What follows is a simplified
description of the Lake Michigan
temperature cycle. Keep in mind that the
entire Lake does not reach the same

temperature nor respond to seasonal
changes at exactly the same time.

Winter and summer temperature
profiles are stable, but the warming and
cooling of spr ing and fall produce
consrantly changing ther'mal patterns. By
the erid of March, the close of the Lake

winter, Lake Michigan water is at its
coldest, usuallv slightly below 32 F
 O~C!. The coldest water is Found near
the shore. Warming begins in early April
and is generally confined to the shallow
areas nearest shore. April warming sets
up sharp contrasts between the warm
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shore water and the cold, deep-basin
water. This contrast intensifies as

warining proceeds through May and
early June. The thermal bar, a narrow,
nearly vertical curtain of water
separating the warm and cold water, is
displayed on the profile by the cluster of
vertical isothermal lines which parallel
the shore,

By the end of June, the Lake is
thermally stratified. The relatively warm
surface layer is separated from the cold,
deep layer by a zone of rapid temperature
decline cafled the thermocline. On the

temperature profiles, the thermocline
appears as a cluster of isothermal lines
parallel to the Lake bottom.

Lake Michigan suminer stratification
is usually cotnplete by the end of June.
Throughout July and August, maxiinufn
heating occurs. This raises the
temperature of only the warm upper
layer, reinforcing the stratification, The
thermocline is most pronounced bv the
end of August and lies sofnewhere
between 45 and 6 5 feet   I 5 and 21
meters! deep.

Cooling begins in September when the
therrnocline is found at gteater depths,
and it continues through October to
roughly the beginning of November
when the therlnocline is at its deepest
level. It is also less definite and less

stable than during summer. By the end of
November, the thermocline is completely
disrupted. Water F'ormerly separated into
layers now mixes freely from top to
bottom.

Cooling continues through December
until the average water temperature of
the Lake is between 39 F and 41 F �
to 5 C!. Through January and February
more cooling occurs, particularly along
shores. The annual cycle is completed by
the end of March when Lake Michigan is
cold throughout and unstratified.

The temperature-density relationship
of water is the key to understanding the
seasonal influcnce of temperature on
Lake Michigan. Water is most dense at

39 F � C!, Warmer water is less dense
and thus lighter and floats on colder
water the way oil floats on water. With
spring warming, Lake Michigan surface
waters are less dense and begin to form a
layer which is separate from the deeper
zones. The Lake stratifies and the

thermocline forms. Differences in

density, caused by differences in water
temperature across the thermocline, form
an actual physical barrier to tnixing of
deeper layers with surface waters.

In late fall, when water cools and more
and more of the Lake is again at the same
density allowing wind and currents to
inix it Freely from top to bottofn, ofrrrturff
occurs,

This generalized temperature cycle is
only one part of Lake Michigan's
temperature patterns. Tetnperatures are
also influenced by weather and latitude.
Each latitude has a characteristic ainount

of heating from the sun. The northern
portion of the Lake has a shorter
warming pet iod and longer cooling
season than the southern part. Ice can be
Forming in the northern part of Lake
Michigan at the same time that it is
melting in the southern basin. While the
warmest temperatures are generally
found in southern Lake Michigan,
shallow bay areas such as Green Bay are
exceptions.

Local variations in Lake Michigan
temperature patterns can occur after
unusual weather and winds. In general,
however, water temperatures are closely
related to latitudinal location.

East to west temperature variations
are usually less pronounced and more
difficult to explain than the north to
south differences attributed to latitude.

These east to west differences are most

noticeable during summer stratification.
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Soinetiincs dramatic differences result

from persistent winds which can cause
upwellings  see pages 10 and 1 1!. The
wind inoves aside the warm surface water

from onc side of the Lake, forcing colder
water From the Lake depths to replace
the displaced, warm inshore water. This
alters the slope of the thermocline. Cold
water is closer to the surface on the

windward side of the I.ake and warm

water is deeper on the opposite side, The
idealized horizontal ihcrmocline

described earlier is more the exception
than the rule during the Lake Michigan
summer.

Many aspects of Lake Michigan's

thermal patterns affect fish distribution,

First, fish will actually congregate in
areas of the Lake where the iempetaiure
best suits their needs. These preferences
are determined by the fish's physiology.

Second, changes in water temperature

may trigger spawning migrations and
behavior. Also, temperature often
controls the presenci: or absence of a
fish's Food source.

Many young fish feed on zooplankton
which are tiny free-floating animals, or
phytoplankton, tiny free-floating plants.
As the fish grow older they may switch
to benthos, creatures which dwell near

the Lake bottom, or to other small fish

like perch. Two crustaceans, Aysis relirtrr
and Psisroporrirs, are important food
organisms. Larger fish species like lake
trout and salmon are primarily
carnivores.

A significant difference exists in the
availability of benthos between inshore
waters and the deeper waters. The

shallow inshore waters are often in

turmoil and thus not reliable areas for the

developinent of food for fish. Turbidity
cuts down light penetration in the water,
slowing algae growth, These shallow
waters are of'ten subject to rapid
temperature changes, Food-producing
conditions alter rapidly because of
upwellings, teinpeiature changes, strong
surface winds, and water currents. The
food types available are also affecteu by
nutrients from municipal, industrial and
agricultural discharges. Near river
mouths and urban areas, enriched waters
may alter the types of foods and thus fish
species found in the area. The availability
of benthos for fish Food is more reliable

in water deeper than 60 feet �0 meters!.

Temperature and food availability are
closely related in Lake IVlichigan,
Together with spawning, temperature



and food explain most of the seasonal
distributions of fish species.

More detailed information about the

temperature responses of eight Fish
species appears in the text and maps in
the second half of this publication.

CURRENTS

Surface currents move and mix Lake

Michigan waters, Wind provides the
energy for these currents. Current
direction and velocity depend on wind
source and intensity, especially in the
upper 5 feet  L5 meters! of water.
However, deeper currents may move
against the wind, responding to strong
inter~al waves.

Currents are named for their direction

of flow, A current that flows toward the

north is a northerly current. This is in
contrast to winds, which are labeled by
their direction of origin. A north wind
blows out of the north, toward the south.

The major influence of currents on fish
distribution is their effect on water

temperatures, Surface currents tend to
mix water layers, eventually making all
the surface water the same temperature.
In shallow areas, where the influence of
currents is strongest, local fish
distributions may be altered by the
currents.

Surface current patterns for Lake
Michigan vary with the sea.sons, The
winter pattern is less complex than the
summer arrangement. The patterns are
shown on the accompanying illustrations.

Wind strength and direction
determine winter patterns. Each basin
has its own circulation with the same

pattern repeated in each. Southerly and
southwesterly winds drive nearshore
currents northerly. Over the deeper Prevailing Surface Currents

basins, the water moves

counterclockwise. When winds are from

the north or northwest, nearshore
currents flow south. In the remaining
inner portions of the basin, water
c ircular.es clock w is e.

Ice alters the current pattern in winter
by impeding water flow. Along the
Michigan shore, wind-driven ice builds
to a considerable thickness and width,

particularly in a severe and consistently
cold winter.

In summer, surface current patterns
are more complex. The wind changes
direction more frequently, southerly
winds are stronger and more frequent,
and no ice cover interferes with water

rn ovem ent.

Both the northern and southern basins

show nearshore currents that are

responsive to prevailing winds, Surface
water in the inner parts of the southern
basin generally flows counterclockwise,
regardless of wind direction. Offshore
water movements are very complicated as
the accompanying maps indicate. During
warm months, internal waves drive
currents in offshore waters. These waves

respond to changes in wind direction and
velocity. In deep areas, currents are also
affected by the earth's rotational force
which deflects water movements to the

right.
In shallow areas, several factors affect

inshore currents. Constructions

extending into the Lake, particularly
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Winter
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piers protecting harbor entrances, divert
currents for several miles to either side of

them. Natural coastline irregularities
may alter shallow water current flows.
Currents may be changed by rivers or
other large volume discharges. Rivers are
tnost influential during spring snowmelts
or after heavy rains, Another influence on
currents is upwelling.

When a strong, steady summer wind
blows across the Lake Michigan shore,
the warm upper water layer moves off
shore, and cold waters from the depths of
the Lake rise to the surface to replace the
warm layer. This phenomenon is called

'iij~i g

s

It

upwelling. An upwelling along one shore
is usually mirrored by a downwelling on
the opposite shore as Lake water rushes
in to replace water which has welled up
to the surface.

Upwellings affect fish distribution
because they alter the relationship
between temperature and water depth.
Because fish prefer particular
temperatures, they may tnove about to
maintai~ that temperature, In an
upwelling, colder water is nearer the
surface than in nearby. stationary waters,
Thus, fish preferr>ng these cold
temperatures may be found in shallower
water in upwellings than in adjacent
waters. Fish preferring warmer waters
will usually move from upwelling areas

into warmer at'eas.

Upwellings occur along the western
and eastern shores of Lake Michigan in
sutnrner and early fall. The most
significant upwellings occur along the
eastern shore when a steady cold wind
blows from the northeast, moving the
surface water south. Along the western
shore, an upwelling occurs in response to
southwest winds. Winds responsible for
upwellings generally cover large areas of
the Lake.

The June 29, 1955, map of Lake
Michigan surface temperatures shows a
normal thermal pattern under calm wind
conditions. In upper water layers, surface
temperatures are highest in the south and
gradually taper off toward the north.
This surface temperature gradient is
caused by latitudinal differences in solar
heating, and can be rapidly changed by
shifting winds, Just how dtatnatic a
temperature change can take place is
illustrated by the upwelling that was
recorded litt]e more than a month later.

The August 9. 195 5, map shows the
strong upwelling which was caused by a
high velocity, steady north wind which
began August 7, 1955, and continued for
2 days. The coldest water temperature
along the Michigan shore was 45 ~F
� C!. The cold isothermal lines are very
close together and roughly parallel the
shore. Cold water f'ormed a narrow band

about 15 to 20 miles wide �4 to 32
kilometers!. The remaining three
quarters of the Lake west of the 53'F
�1 C! line showed little temperature
change in the surface water. The
maximum water temperature For August
9, 1955, was 55 F �3 C! along the
western shore south of Sheboygan,
Wisconsin. Surface temperatures indicate
that a 1ot of warm water had been pushed
into the southern end of the Lake. Cold



water had risen to the surface from a

considerable depth because the coldest
water in the Lake at that time of year
would have been about 36 F � Cj.

Upwellings on the western side of
Lake Michigan, brought about by
southwesterly winds, generally cause less
severe temperature changes in coastal
waters than upwellings on the eastern
side.

Upwellings and downwellings may
alter other water movements in the Lake.

They may speed up coastal currents,
especially in shallow water no more than
20 miles �2 kilometers! from the shore,

In nearshore areas, water temperature
changes caused by upwellings can
markedly alter the distribution of fish,
especially those such as alewives and
perch which prefer warm water during
summer. The distance From shore at

which salmon, trout and whitefish may
be found may also be affected, During an
upwelling, these fish may be found closer
to shore than is usual for that time of

year.
M swa
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High quality water in Lake Michigan
makes it possible for billions of desirable
fish to live there. Water quality,
however, changes frotn time to rime and
place to place in the Lake,

When Lake scientists discuss "water

quality," they are usually talking abo~t
three categories of materials which can
be found in water: suspended solids,
nutrients and contaminants, In Lake

Michigan suspended solids are a problem
in river plumes and in waters adjacent to
eroding shorelines but not in open
waters. Nutrients cause pz'oblems in
enclosed harbors, in several bays and



Suspended Solids

Soil and clay particles suspended in
water cloud the water, Such cloudiness,
called turbidity, may reduce light
penetration below the surFace,
preventing algae growth. As particles
settle, they may smother fish eggs.
Suspended solids may carry chemicals
attached to them.

lVIost Lake 1Vftchigan water is clear.
Turbid areas usually occur where rivers
enter the Lake. Many of these river
"plumes" fan out for several miles into
the Lake. Narrower bands of turbid

water parallel eroding sand and clay
shores.

Ntjtrients

Without nutrients, there could be no
plant growth in Lake Michigar, and
without plants, no animals would
survive.

The nutrients necessary to support life
are chemical compounds containing
phosphorus, nitrogen, calcium, silica,
manganese, magnesium, iron and many
other elements. When the Lake has just
enough of these chemicals to support
desirable plant growth, they are called
nutrients. When levels of these same

chemicals are so high they support too
much plant growth, they are pollutants.

Nutrients enter the Lake in municipal
and industrial discharges and in waters
draining urban and agricultural areas.

The open, deep water of Lake
Michigan contains very low levels of
nutrients. This part of the Lake is called

Mawa

Wau

Gary

near some large cities. Contaminants find
their way into water and fish anvwhere
in the Lake.
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oligotrophr'I; it has a low nutrient supply
in relation to the volume of water.

Oligotrophic water is preferred by lake
trout, whitefish, and salmon.

The eutrophic waters of Lake Michigan
contain high levels of' nutrients compared
to the voluine of water. The abundance

of nutrients supports rich plant growth,
both large rooted weeds and floating
algae. These waters are thought of as
polluted or overenriched, Eutrophic
waters frequently have oxygen shortages
in summer. The fish contmonly found in
theSe WaterS are IninnOWS, Carp, baSS,
catfish and other warmwater species.

Only a few Lake Michigan areas are
eutrophic. Southern-Inost Green Bay is
fed by the Fox River which carries heavy
loads of nutrients in municipal and
industrial wastes. Milwaukee Harbor and

Little Bay de Noc are also eutrophic,
The rest of Lake Michigan is ringed

by a three-mile  five-kilometer! wide

g Montague- rnlorine:ee ~ rgar es

...gj Muskegon/Big Black Creek- ppT pCBs
1

Major Lake Michigan Toxic Substance Sources

band of trresotrophic' water. Mesotrophic
water is between oligotrophic and
eutrophic waters in terms of nutrient
supply for water volume. These waters
support the widest variety and greatest
numbers of Fish. Mesotrophic waters are
often productive Fishing areas.

These substances are either not found

naturally in the environment or are
present in unnaturally high
concentrations. Frequently such
inaterials are toxic. Toxic substances

which plag~e Lake Michigan are:
1! heavy metals, for example mercury,
lead and arsenic; 2! petroleum products;
3! radioactive substances; and
4! halogenated organic compounds, for
example DDT and PCBs, The most
troubling substances in the Lake today
are these halogenated chemicals.
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Note. Nc suggestion intended that toxic rnetenals are concentrated in specific parts of fish

substance hot spots in Lake Michigan.
PCBs are the most widespread toxic
problem. The most serious toxic
substance problem in Lake Ivlichigan is
caused by halogenated organic
compounds like PCBs and DDT, Heavy
metals like mercury are serious problems
in some other Great Lakes but only cause
problems in a few spots in Lake
Michigan. The fate of a toxic substance
once it enters Lake Michiga~ depends on
the chemical, A few break down quickly
into harmless substances. Some like DDT

take decades to degrade. Others, the
basic elements like mercury, are around
forever.

It is the persistent chemicals which
pose the greatest threat to water quality
in Lake Michigan. Persistent chemicals
may attach to particles, remain dissolved
in the water, or be buried in the bottom
rnuds. Some contaminants end up in the
tissues of plants and animals. Some

TOXIC SUBSTANCES

Many toxic substances enter Lake
Michigan from the atmosphere. Some
scientists estimate that up to 80% of
PCBs reach the Lake from the air.

Municipal incinerarors and landfills
where PCB-containing papers and
plastics are disposed of release PCBs to
the atmosphere. PCBs are still used in
electrical transformers as insulation. This

equipment may "sweat" PCBs into the
arrnosphere.

Cadmium  a metal! is another airborne
pollutant, It is released into the air from
coal combustion, automobile tire wear

and metal smelting,
Contaminants are also dumped

directly into the Lake in sewage and
industrial discharges and runoff from
land.

The map on page I2 shows toxic

contaminants can be directly absorbed by
or attached to surfaces of living things
like algal cells or fish gills. Most of these
contatninants dissolve more easily in fats
and oils than in water. PCBs are an

example. PCBs are typical of the
chemicals which cause problems in Lake
Michigan and in other Great Lakes.
They are widely used, degrade only
slowly, and work their' way through the
food web into Lake fish. Even very small
amounts of PCBs in the water may
become concentrated in the fatty tissues
of fish through a process called
bigrvageificasiorr, Once in the Lake, PCBs
attach to algal cells. The algae are likely
to be eaten by Lake creatures, perhaps by
the tiny opposum shrimp, the AJysis,
Through its life span the hfysis may eat
thousands of algae, each containing a
little PCB which will concentrate in the

34ysis' body. Mysids are eaten by many
fish including chubs. A chub may eat



thousands of %pris, accumulating all the
PCBs in its body,

Several important factors control the
build up of contarninants in fish. First,

n! predators like trout and salmon usually
have higher contaminant levels than
plant-eating species like perch. Second,
fat fish are usually more contaminated
than lean fish; only alewives have high
contaminant levels even though they eat
low on the food chain. Also, fish size is
iinportant. Older, larger fish usually
carry more contaminants, Lake Michigan
fish with the lowest contaminant levels

are generally plant-eating, lean, small
fish. Perch, suckers, young white6sh and
smelt are examples, Chubs, alewives,
trout and salmon have higher
contaminant levels.

U,S, Food and Drug Administration
 FDA! regulations prohibit the sale of
fish which contain more than 0 parts per
million PCBs. There are similar

regulations for pcsticides and other
co ntarni nants.

There is little information on how

toxic chemicals affect fish. Some research

suggests that low levels of PCBs
accumulated in fish reproductive tissues
may damage eggs, sperm and young fry.
Most contarninants, though, occur in
such low concentrations that any efFects
are almost impossible to detect.

METALS

Two very poisonous metals present in
Lake Michigan are mercury and lead,
They are harmful to humans and fish
even at low concentrations. The

accompanying maps show their
concentrations in Lake Michigan
sediments.

Lead enters Lake Michigan from the
air. The main source is lead in exhausts of

cars which burn leaded gasoline.
Atmospheric lead is directly related to
traffic levels, and thus, most of it comes

from the Chicago-northern Indiana area,
Mercury enters Lake Michigan in

water which drains off farm fields, where
it is used in seed treatments and

pesticides. The pulp and paper industries
have also cantributed mercury to the
Lake, especially in Green Bay.

Many other metals enter Lake
Michigan water and sediments in trace
amounts, Generally, they are found
dissolved in water north of Frankfort,
Michigan and toward the mouth of
Green Bay.

Metals are taken out of Lake

circulation by being buried in "ultimate
sinks." These are places where the Lake
is deep enough and the waters are still
enough that particles can settle to the
bottom and be buried by layer after layer
of mud. Eventually enough mud covers
the metal so that it is permanently buried
in the sediments.

The ultimate sinks can be seen in maps
showing the levels of lead and mercury in
bottom sediments. One lies west of

Grand Haven,

1Vletals do not appear to affect Lake
Michigan fish distribution to any great
extent. Many common metals are quite
poisonous to fish and there mav be some
local problems in highly polluted areas.
Also when sp~ing snowrnelts flush acid
waters into the Lake, the acids may
temporarily dissolve metals like
aluminum present in nearby rocks.
Aluminum is quite poisonous to newly-
hatched and young fish.

Cadmium is one metal causing
concern in the Milwaukee Harbor.

Cadmium is concentrating in the tissues
of common fish food organisms in that
area. The creatures seem to bc able to

tolerate the levels currently found in
their tissues but scientists do not know if

cadmium contamination is decreasing the
amount of food available to area fish.

Fishery biologists are trying to determine
what effect cadmium is having on area
fish populations.

14
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Of all the pollutants entering Lake
Michigan, sulfates have increased the
most during the last 100 years. Sulfates
cause a major part of the "acid rain"
problem. They billow from chimneys of
coal-burning power plants and wash into
the Lake in laundry detergents.
Altogether over half the sulfate~ entering
the Lake probably come from human
activities. The map  page I >! shows the
relationship between sulfates and human
activities. The highest accumulations of
sulfate in water are found in the

southwestern portion of the Lake and
other nearshore areas.

Sulfates are probably not seriously
harming fish populations in Lake
Michigan. The water is "hard" enough
to neutralize the acid formed by sulfates.
The limestone in the Lake watershed is

calcium carbonate which provides the
buffering action. In "soft" water lakes
like those in the western Upper
Peninsula and Ontario. sulfates appear to
deform and injure young fish and fish
food organisms.
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A high phosphate level in a lake
usually signals overenrichment. Over-
enriched waters are called eutrophic.
They have abundant plant life and fish
species which can tolerate the conditions.
The water is usually murky atrd warm
and often low in oxygen. While
phosphate levels are a good indicator of
eutrophication, these waters usually have
parallel concentrations of other plant
nutrients, In Lake Michigan such waters
are limited to areas near cities and river

mouths with major sewage discharges.
Along some shorelines, phosphate levels
are elevated as a result of runoff of

fertilizer from agricultural lands. Limited
circulation also tends to concentrate

phosphates in Green Bay, Little Bay de
Noc and Milwaukee Harbor. In recent

years Lake Michigan phosphate levels
have fallen. This is probably the result of
sewage treatment improvements and
bans on high phosphate detergents,
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TOTAL DISSOLVED SOLIDS

"Total dissolved solids" is the way a
Lake scientist says "etcetera." It is a
method of adding together all the
materials dissolved in the water

including carbonates, bicarbonates,
chlorides, sulfates, phosphates and
others. TDS levels are general indicators
of water quality, They show the atnounts
of nutrients available to Lake organisms.
In Lake Michigan, TDS levels are
highest near the shor'e and lowest in open
water' s. They are highest in southern
Lake Michigan, Green Bay and certain
harbor areas. The Fish found in waters

with high TDS levels are those associated
with eutrophic conditions. Chloride
 ordinary salt! is one substance measured
in TDS readings. Chloride levels have
risen steadily in Lake Michigan,
especially in nearshore areas. There is
some evidence that juvenile fish tnay be
harmed by high chloride levels.
Chlorides may cause localized problems
in spring when melting snows suddenly
flush winter road salt into the Lake,
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Fish Plantings in Lake Michigan
Tributaries, Bays, and Harbors

The popular salmon fishery in Lake
Michigan is a phoenix story. Out of the
ashes of a devastated fish community rose
a glittering new Fishery. The sea lainprey
and intensive fishing all but eliininated
lake trout by 1936. Then the lamprey
reduced populations of other deepwater
predators, nainely lake whitefish, burbot
and the larger chubs. The virtual absence
of predators allowed an unchecked
explosion of alewives. The population
soon reached epideinic levels. By I 966
alewives made up 80% of the poundage
of fish in the Lake. The alewife had little

commercial value and no sport value, bur.
it provided abundant forage for valuable
sport. and cominercial species.

The ultiinate aim of the salinon

stocking program was to convert the
superabundance of alewife into good
food, This would also iinprove
availability of garne fish. A second
objective was to revive the depressed
coininercial fishery. The second goal has
not met with as much success as the First.

An efficient manageinent program
proved the key to restoring a natural
predator-prey balance. The Michigan
Department of Natural Resources
Fisheries Division began researching

species which could be introduced to the
Great Lakes. They looked for 1! a species
with a short life cycle and rapid growth,
desirable due to the lamprey presence;
2! a voracious Feeder to feast on the
alewives; 3! a brood stock able to
reproduce naturally and survive in Lake
Michigan; 4! an anadromous species that
begins life in tributary streams, migrates
to open water to feed and mature, and
then returns to streains to spawn; f! a
species capable of hatchery culture. This
was important since the gravel beds
required For spawning wei'e already
being used to capacity by stream species
such as brook trout. Also the DNR

wished to eliminate any competition with
other sport fish.

All their research pointed to Pacific
salmon. They decided to introduce both
coho and chinook species. The coho was

introduced primarily because of its short
three-year life span; the chinook has a
five-year life cycle.

There was soine apprehension about
using these fish because they required a
migration to saltwater as part of their life
cycle. Would the fish be able to adapt to
an all-freshwater existence? In Deceinber

1964, the Oregon Fish Commission
supplied Michigan's fish hatcheries with
one million eyed coho eggs which were
raised to yearling size. By early spring
1966, 850,000 had successfully reached
smolt stage. Half the smolts were
released in two Lake Michigan
tributaries, The Platte River and Bear

Creek received about a quarter of a
million smolts each. In fall 1966, 8,000

precocious males  males which mature a
year early! and a few ripe females
returned to their horne streams. Eggs



MICHIGAN 1. Menomlnee River ~

2. Cedar River «tice«e

4. Thompson Creek

5. Manistique River

6. Little Traverse Bay

7. East Grand Traverse Bay

8. Grand Traverse Bay

9. Brewery Creek

10. Platte River

12. Manislee R~ver

13. Little Manislee Rivet

14. Gurney Creek

15. Big Sable River

16, Muskegon River

17. Grand River and tributaries

18. Kalamazoo River

19. Black River

20. Sc. Joseph River

21. Trail CreekiNDIANA

22, Little Calumet River &
ILLI NOIS 23. Calumet Harbor sy,

«Ssc

26. Canlp Logan W
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28. Racine area ~

30 Porc Washington ~~M

33. Twin Rivers area ~

35. Ahnapee River

36, Sturgeon Bay

37, Strawberry Creek
38. Gill's Rock

100.000 teleasea
less than 50,000

~ Coho salmon
~ SSssc Chtnook salmon

39. Lower Foa River

40. Pensaukee River

41. Oconto River

42. Little River

43. Menominee River
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3. Escanaba River «stcc«esse«sass«wtsa«sass

11. Ponage Lake ~~~~~~~~~
«Sac«esse

24. Chicago area ~~~~

25. Waukegan Harbor ~~

27. Kenosha area ~~~~~

29. Mdwaukee area ~~~~~

31. Sheboygan River ~~~
«sstsc«erst««slee«isa«stcc«sate«esc«sssc

32. Linle Manicowoc River ~~&
«esse«sttsc«sssc«tttsc«tssc«sssc«tr

34, Kewaunee River sh
~ ease«sesc«srsc ass«tata~atlas~«esse«ttssc

taken from these females hatched

successfully. This was an early sign that
coho could complete their life cycle in
fresh water.

The accompanymg chart shows Lake
Michigan tributaries and fish plantings,
Michigan leads the Great Lakes region
in slumbers of the salmon stocked.
Stocking programs got started later in
Wisconsin. Thus, the numbers planted in
any one river do not equal those of the
Platte and Little Manistee in Michigan.
Chinook have doririnated the planting
because they grow larger and attract
anglers. Screams elnptying into Green
Bay have only limited plantings because
the water is too warm and polluted.

Because very few rivers empty into
Lake Michigan from Illinois and Indiana,
these states have only small stocking
programs. They gtst started after
Michigan and Wisconsin and they are
further restricted by the industrial
character of the shore. Nonetheless

anglers can be seers pursuing salmon
offshore from the industrial

developments frotrt Chicago to Michigan
City, Indiana The smolts planted in
Illinois and Indian.a waters have been

kept in cages in harbor areas to increase
their homing instinct.
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1946 - Lunpteys had negotiated
the Soo Locks and wete sighced
in Lake SuperiorS a e are r

1932 - First lamprey sighted
in lake Huron.

1936 - First hunptey sighced
in Lake Michigatc

1921 - First hunprey sighted in Lake Ene. Significam
development of a lamprey populauon in Lake Erie
never occurred due to shallo~ water and a lack of
suitable spawning areas. Thh may account for the
consrdetable nme gap between the opening of the
%'elland Canal and the migtation of the raanpteya to
the upper Great lakes.
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SEA LAMPREY

cartilage; eels have true bones. The
1am'prey mouth is a jawless, round
suction cup with concentric circles of
sharp, hooked teeth. The eel has
powerful jaws and rows of tiny straight
teeth.

Sea lampreys begin life in cool, fast-
flowing streams, Adults deposit fertilized
eggs in gravel nests in stream bottoms.
The young hatch and then float
downstream to muddy areas where they
burrow in. They may live there for
eighteen years. At this stage, they are
called arnmocoetes,

When the arnmocoetes transf'orm into

adults, they swim out to the open Lake.
There they attack fish. Adult sea
lampreys prey on Fish For two years and
then return to streams to spawn. Each
lamprey may kill 40 pounds of Fish
during its life in the Lake.

When lamprey originally invaded

Lake Michigan, their first target was
lake trout, a species preferred by both
sport and cornrner'cial fishers, Lake trout
populations declined and virtually
disappeared between 1945 and 1950,
The decline spread progressively from
north to south. Fishery biologists
attribute the decline primarily to lamprey
predation, not overfishing.

Other large fish species were also hit
hard by sea lamprey. Whitefish and
burbot stocks fell as the lamprey
populations increased in northern Lake
M ichigan.

Lake trout and burbot Feed mainly on
chubs. After sea lamprey reduced these
predators, chubs increased significantly
and became important to the commercial
fishing industry.

The decline of native fish species
created favorable conditions for the
alewife  Alosa psesra'ahnrerrgus!, which

1952 - Lamprey control ptogtams began with the
placemamt of mechanical aud electticar weits in

. the spa~ning stteams of lakes Superior, Huron
and hlichigsn.

1970 - Completion of the lamprey conttol ptogram
through chemical poisoning. Periodic poisoning
continues today to coutaha the hunpteys at low latch.

Sea lampreys have disrupted Lake
Michigan fish cotnrnunities for at least
five decades. These animals migrated
from the Atlantic Ocean through the
Erie Canal to Lake Ontario in the early
1800s. They bypassed Niagara Falls
through the Welland Canal and
eventually reached Lake Huron where
the cold water, gravel-bottomed
spawning streams and large populations
of food fish such as lake trout provided
them an ideal home. They multiplied
quickly and spread to Lake Michigan
and Lake Superior where conditions were
similar. The first Lake Michigan sea
lamprey was recorded in 1936. By 1947,
lake trout had already suffered serious
damage from the lamprey.

At first glance, a lamprey resembles an
eel. Both have long, snake-like bodies
and grow 2 feet  two-thirds of a meter!
long. However, a sea lamprey skeleton is

1950 - Lake ttout fashing bad ended in
Lake Huron by this thne aud had been
reduced by 95 percent in Lake hlicbigau.

Sea Lamprey Migrations

1830's - There is no record of sea hunpteys
in the Great Lakes before the Erie Canal
opened in 1825. Sea lampreys could have
traveled along this canal and co necdng
tributaries to hake Ontario.

1829 - Openiog of the Wellsnd Canal
allowed hunpteys access ro Lake Etie
and the upper Great lakes.
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invaded the Great Lakes in the late

1940s. Without predators, the alewives
flourished and out-competed species like
the bloater chub, lake herring, vellow
perch and emerald shiner.

The North American public became
alarmed as these Fish populations fell, like
so many dominoes, in the wake of the sea
lamprey invasion, An international treaty
created the Great Lakes Fishery
Commission which sought effective
control methods and coordinated fisher y
research and rnanageinent in the U.S. and
Canada.

A team of researchers set about

finding ways to eliminate sea lainpreys.
First, they figured out the sea lamprey's
life cycle and located sea lamprey
spawning streams. Surveys in 1947 and
1948 found spawning sea lampreys in 79
streams and rivers entering Lake
Michigan.

1VIechanical traps and electrical
shocking devices were installed to
prevent lamprey from swimming out of
streams into the Lake. Often the barriers

broke down allowing adults to migrate
upstream.

1VIeanwhile other scientists sought a
chemical pesticide which would kill
lampreys while leaving other creatures
unharmed, About 6000 cheinicals were

tested before researchers discovered 3

trifluoro, ethyl-4-nitro phenol  TFM!
which killed ammocoetes but not other

fish when properly administered. In
1960, fishery managers began treating
Lake Michigan streams with TFM.
Chemical treatment proved superior to
electromechanical barriers.

TFM is dripped into the stream at the
correct rate so that Fast currents can mix

it into the water. As the chemical moves

down stream, arnmocoetes lying in the

mud hemorrhage internally and die.
Between 1960 and 197S, 11$ Lake

Michigan tributaries received 364
treatments, Now fishery scientists have
another chemical, Bayer 73, which can
be used to kill amrnocoetes in still or.

slow-moving water.
Biologists evaluate the success of this

treatment program periodically by
counting lamprey scars on lake trout.
Recently, wounding rates have been low
on fish from Michigan and Indiana
waters. Wisconsin fish showed higher
wounding rates, however, until recent
treatments of Green Bay tributaries
caused decreases in lamprey populations.

Control of the lamprey population is
important to long-term restoration of
desirable fish stocks in Lake Michigan.

Only with the lamprey under control
have fishery managers and scientists been
able to undertake stocking of lake trout

and salmon. Healthy numbers of these
large fish are important to a balanced
community of fish which effectively uses
Lake Michigan waters and Food stocks.
These large fish are also popular with
people who Fish the Lake.

People First fished Lake Michigan for
food, later for a living and roost recently
for recreation. Today all three types of
fishing occur in Lake Michigan. The
purposes of the fishery have changed
over time and so have the fish

cominunities. Fishing intensity has
played a role in the species composition
and population levels of Lake 1VIichigan
fish.

Native peoples of the Lake Michigan
region relied on Lake fish for food. When
Europeans ventured into the region, the
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Indians bartered their fish for other

goods. Early European settlers also relied
on Lake fish for food.

The early commercial fishery, begun
at least by 1843, harvested fish from
bays, rivers and nearshore areas with
haul seincs. Later, commercial gear
became more sophisticated and nearshore
populations dwindled. The fishery
ranged into deep water after lake
whitefish and trout. Gill nets, pound nets
and trap nets became standard gear.

Sport fishing in Lake Michigan was
occurring as early as the 1880s off the
piers of Chicago, Today's sport fishery
was spawned in the mid-1960s when

states began planting PaciFic salmon in
the Lake, Yellow perch remains a
popular species with both commercial
and sport fishers.

Lake Michigan commercial fish
production peaked about the turn of the
century at 41 million pounds; from then
through the 1960s, 2 5 million pounds
were hauled in yearly; since the rnid-60s
fishery production has averaged 50
million pounds a year,

While pounds harvested has doubled
since the 1950s, today's catch is mostly
low value alewives. In 1978, commercial
fishers harvested 42 million pounds of
alewives and only 8 million pounds of

other species. In 1909 the catch was
high value whitefish and trout; there
were no alewives in the Lake,

Dependence on a very few valuable
species has always plagued the Great
Lakes fishery, Typically, as one
important species declined, the fishery
intensified on another species, and so on.

Lake whitefish were the mainstay of
the early fishery, By 1885 abundance
had been severely reduced, especially in
Green Bay. Whitefish are again the most
valuable species. Lake trout was the most
valuable coinmercial species from 1890
until the rnid-1940s. The lake trout was

remarkably resistant to fishing pressure.
It wasn't until the sea lamprey invasion
of the 1940s that the population was
decimated,

While fishing pressure played a role in
population declines, scientists cite other
potent human influences which altered
the fish coinmunity, Many changes in the
Lak» basin � dainmed streains, dredged
marshes, cleared forests, plowed fields,
discarded wastes � led to changes in fish
habitat, Other human actions admitted

species that preyed on or out-competed
native species.

Current threats to the fish populations
are controversy over Native American
treaty rights to regulate their harvests;
shoreline development pressures from
marinas and other businesses which

support the sport fishery; and
contaminant probleins.

Despite these assaults on Lake
Michigan fish, today some species are
remarkably healthy, The commercial
fishery is stiuggling to revitalize in the
face of gear restrictions and contaminant
problems. The sport fishery is flourishing
on stocked fish. All who fish the Lake are

concerned about allocating fish stocks
among commercial, sport and Native
American fishers in ways that maintain
healthy fish populations.
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COHO

 Oncorhynchus kisutch!
CHINOOK

 On<orhynchus ishawytscha!

2I

The introduction of coho salinon in

1966 made Lake Michigan the site of
one of the most outstanding freshwater
sport fisheries in the world. A mail
census of anglers in 1979 showed that
almost 350,000 coho and 505,000
chinook salmon were caught in the
Michigan waters of Lake Michigan.
Fishery scientists estimate another
370,000 chinook and 170,000 coho

were caught in Michigan tributary
streams. In the fifteen years since the
first salmon plantings, the financial
benefits froin the sport fishery revolving
around the salinon have grown rapidly in
Wisconsin and Michigan. The sale of
boats, tackle, food, inotel rooms,
gasoline, charter services and other items
required by anglers has mushrooined.

The presence of coho and chinook is a
major factor affecting the distribution
and abundance of other Lake Michigan
fish species, Especially important is the
control of alewives which the salinon and

other predators provide, Alewives are
ideal forage for salmon and are
responsible for the rapid growth rates
characteristic of Lake Michigan salmon.
Salmon have helped reduce the huge
populations of alewives and resulting
dieoffs, At the same tiine, salmon have
created a major sport fishery.

The distributional patterns of coho
and chinook are different from other

species because salmon return to their
original streains to spawn in fall. They
migrate from south to north during the
main fishing seasons from late spring to

late fall.

Fishing begins in the southern basin in
late March and moves northward during
the succeeding months, following the
movements of the salmon, In fall, they
congregate in Lake Michigan waters off
the mouths of their home streams.

Salinon begin to move into the streains
by late September and the spawning
process is completed by late October or
early November, The fish die after
spawning.

Both coho and chinook are

anadromous species. They spawn in
streams but range into the ocean or large
lakes for feeding and maturing. Salmon
are ocean species, and fishery biologists
were doubtful whether the salmon could

survive an entirely freshwater existence.
However, growth rates have been very
good in Lake Michigan. Natural
reproduction is not sufficient to support
the large sport fishery so annual
plantings ai'e necessary to maintain the
fishery and keep the alewife population
in check. Recent findings indicate
chinook are making substantial natural
additions to the fish population; this is
called "recruitment" by fishery scientists.

Both coho and chinook salinon

becoine active after the ice leaves Lake

Michigan in the spring and surface
waters begin to warm. They remain
active and roam around the Lake during
the summer. Most return to their home

streams in fall.

During the summer, they seek their
most desired temperature range. Coho

prefer water temperatures in 53 to
55'F �2 to 12.5 C! range. Chinook
salmon prefer slightly cooler
temperatures in the 50' to 54'F I I
to I2 C! range. Local changes in
temperature such as those caused by
upwellings will greatly affect the depth
at which salmon are found in suminer.

During winter and early spring, both
coho and chinook are found in the

southern basin of Lake Michigan. Most
will be south of a line generally from
South Haven, Michigan to Milwaukee,
Wisconsin, The main concentrations of

fish will be in coastal waters and out to a

depth of about 120 feet �9 meters!.
Moderate concentrations may extend
beyond to depths of 120 to 140 feet �9
to 46 meters!. The rest of the Lake
probably has only a few salmon during
winter.

After the ice melts in early spring,
salmon begin inoving out of the southern
basin first westward and then north as

the season progresses. The migration
brings large concentrations of fish
gradually northward until they reach the
waters off the mouths of the streams in

which they were planted or hatched.
Thus, the main concentrations of chinook
and coho in summer and early fall are in
waters up to 60 feet �0 meters! deep.
The coho often are found slightly closer
to shore where the water is their

preferred 55 F �2.5 C!; the chinook
will be somewhat farther out and deeper
where the water is cooler � I F,
11.5 C!. This time of year, neither
species is normally found close to shore
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Thompson Creek near Manistique,

Michigan.
Moderate concenrrations of salmon

occur during the summer in waters 60 to
180 feet �0 to 3 9 meters! deep in the
southern two-thirds of the Lake, portions
of Green Bay, and near the Wisconsin
coast and the islands off Door County,
Wisconsin. The rest of Lake Michigan
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except in an upwelling of cold water. The
rate at which migrations take place and
the exact locations of the largest numbers
of fish seem to be related to daily, weekly
and other periodic changes in water
temperatures, The main concentrations
occur south of a line from Empire,
Michigan to Sturgeon Bay, Wisconsin.
An exception is the area off the mouth of

contains few if any sal~on during
summer.

Another indicator of salmo~

concentrations is the numbers of salmon

caught in various sections of Lake
Michigan, The largest numbers are
caught in the most southerly portion of
the Lake and numbers decrease

northward. This can be explained by the
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ALEWIVES

 Alosa pseudohareng us!

In spring 1967, billions of alewives
died in Lake Michigan. Beaches were so
thickly covered, the small silvery Fish
were bulldozed away. This was visible,
odorous evidence of' the tremendous

buildup of alewives in Lake Michigan
since this species was first recorded there
in 1949. The population explosion was
aided by the sea lamprey, which
destroyed lake trout and other alewife
predators.

In 1960, alewives were S% of the fish
biomass  living fish by weight! in Lake
Michigan, but a mere six years later
alewives accounted for 80% of the fish

biorriass. By 197S, they had dropped to
well under 707<> of the total, Since the

1967 dieoff, the alewife population has
stabilized considerably, but population
levels vary from year to year.

The seasonal distribution and the

migrations of adult alewives, illustrated
on the accompanying maps, are
determined somewhat by annual water
temperature changes in Lake Michigan.
Alewife migrations may influence the
distribution of their predators.

In late spring and early summer
alewives spawn in rivers, bays and
shallow water near shore The fish

concentrate in warm waters less than 60

feet �0 meters! deep. This is also the
principal dieoff period. Moderate
numbers of fish congregate in waters 60
to 240 feet �0 to 79 meters! deep. Their
preFe~red depths are in Green Bay and
the southern third and extreme northern

part oF the Lake,
In fall, alewives migrate offshore into

deeper areas. They concentrate in waters
60 to 240 feet �0 to 79 meters! deep;

Late Spring - Early Summer

Distribution of Alewives

moderate numbers concentrate in waters

240 to 360 feet �9 to118 meters! deep.
Near shore, temperatures decrease
rapidly during fall while remaining more
stable in deeper waters.

In winter, adult alewives move into
the deepest portions of the Lake or water
240 feet �9 meters! deep and deeper,
Moderate concentrations ace found in a

very small band where the water is a bit
shallower, 210 to 240 feet �9 to 79
meters! deep. During winter, there are
rarely alewives in water shallower than
210 feet �9 meters!. Winter
concentrations are in the deepest parts of
the northern and southern basins of Lake
Michigan where the water temperature is
35 F �. 5 C!; in shallow water it mav
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be less than 30 F �0'C!.
Since the 19$0s alewives have had a

major impact on the composition of the
total Lake Michigan bioinass and the
distribution and abundance of other Lake

species, Alewives have been particulat ly
detrimental to native species associated
with shallow waters. Since alewife

competition, Lake Michigan emerald

500

 ".','.-.-,",.-'.".j � 600

900

shiners and lake herring have been
largely eliminated and there are fewer
yellow perch and sinelt. The large inass
of alewives in deep water during the
winter has crowded out chubs.

Alewives dominate the Lake Michigan
comtnercial catch but they are not
marketed For human consumption.
Alewives are made into pet food,

ferti!izer, tishmeal and oils, The catch
averaged 36.1 million pounds annually
during the 1967-77 period.



Chubs

CHUBS

 Coregonus!
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Fish markets around Lake Michigan
are famous for tasty smoked chubs. A
soft, oily Fish, chubs obtain an excellent
flavor and rich, golden hue when
smoked.

Seven species of deepwater ciscoes,
called "chubs" in the Great Lakes, once
inhabited Lake Michigan, The fate of the
chub species in Lak» Michigan is the
classic story of increasing exploitation
and dwindling fish stocks in the history
of Lake Michigan fisheries. Beginning in
1869, Lake Michigan supported a
substantial chub fishery, Chubs were
caught exclusively in gill nets set in deep
water. The fatter, larger chubs were
preferred, The largest was the bbckfirr
cisco which was fished so intensively it
virtually disappeared by the turn of the
century. Then the fishery turned to the
other large species, the longjaw, the
shortjaw, and the deepwater cisco. When
their numbers declined, the fishery
intensified irn the shortnose and the kiyi,

When the sea lamprey reduced trout
catches in the 1940s, commercial fishers
began relying more heavily on chubs. In
the 1950s, chub catches averaged 10.2
million pounds, Trends in commercial
harvest are shown on page 20,
Cormnercial production peaked in 1960
at 12. 5 million pounds; the catch fell to
371,000 pounds in the 1970s. Recently
chub harvests have been curtailed by
contaminant problems in southern Lake
Michigan.

Overfishing and sea lamprey predation
led to the decline or extinction of all but

the smallest species, the bloater. In the
absence of its natural predator, the lake
trout, and with the other chub species

reduced in number, the bloater was able
to greatly increase its abundance. The
bloater was abundant until the rnid-

1960s when it was out-competed by
alewives and overharvested by
commercial flshers.

Alewives feed on bloater eggs and
probably compete for the same food
desired by chubs. Alewives and bloaters
are Found in similar water depths during
both summer and winter. Restrictions on

the commercial harvest and some decline

in alewife abundance have allowed the

bloaters to stage a comeback.
Bloater chubs are silvery fish

averaging 8 to 10 inches �03 to 254
millirneters! long. They spawn in March
over all Lake bottom types. Most larval
fish are found in water no warmer than

40'F �'C!.
Chubs feed at or near the bottom,

Small Fish eat mainly zooplankton, tiny
free-floating animals, while larger fish
feed on 2I4yrir and Porrteporeire and other
small creatures like molluscs.

Bloaters were important forage for the
once-abundant Lake Michigan lake trout.
Scientists estimate at least 30 million

pounds of bloaters were eaten annually
by lake trout to support the commercial
yield of 6 million pounds of trout. Lake
trout were the main predators of bloaters
but burbot also eat them.

The chub distribution patterns on the
accompanying maps show present
conditions. Main concentrations of chubs

during winter  October to April! are at
depths of 180 to 420 feet �9 to 1 38
meters!. Moderate numbers of chubs can
be found in shallower and deeper waters,
120 to 180 feet �7 to 59 meters! and

420 to 480 feet � 38 to I 57 meters!.
Thus, most of the deeper waters of the
southern basin probably have a fair
number of chubs in winter, but the

deeper waters of the northern basin are
probably too deep for many chubs. The
shallow waters of Green Bay, northern
Lake Michigan and the coastal waters
around the entire Lake have few if any
chubs during winter,

As water temperatures rise in late
spring, chubs begin to move in toward
shore. The main concentrations of chubs

in summer are in waters from 150 to 240

feet �9 to 79 meters! deep. Moderate
numbers congregate in waters 90 to 1 50
feet �0 to 49 meters! and 240 to 300
feet �9 to 98 meters! deep. Few chubs
are found in very shallow and very deep
waters this time of year. Except in its
deepest portions, Green Bay has very few
chubs any time during the summer. The
periodic changes in summer water
temperatures in shallow water caused by
shifts in wind direction and speed affect
the precise depths at which chubs
congregate. For example, during coastal
upwellings of cold water, chubs can be
found in very shallow water as few as 18
feet � meters! deep. Usually they are not
found in such shallow water.
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LAI<E TR0UT

Lake trout have long been prized by
both commercial and sport fishers.
Today, anglers catch over a rluarter
million lake trout in Lake Michigan each
year,

None of these trout, however, are
native to Lake Michigan. The native
strains were eliminated by the sea
lamprey, probably completely by 19$6.
Some intensive commercial fishing is also
implicated in the decline which
proceeded rapidly after 194$.

Lake trout currently present in Lake
Michigan were planted as part of state
and Federal efforts to restore the fish

stocks. Plantings began in 19$6 with
about 1 million yearling trout. By 1980,
36 million fish had been planted and the
numbers of fish have built up to a healthy
level.

This build-up was possible despite the
failure of the lake trout to establish self-

sustaining populations in the Lake.
Given the long life span of the fish  some
live longer than 2$ years! and with the
sea lamprey effectively controlled and
commercial and sport fishing closely
regulated, it was possible for yearly
plantings of trout to lead to a population
increase.

One of the enduring mysteries of the
Great Lakes is the failure of the lake

trout to reproduce naturally in Lake
Michigan. Scientists suggest several
theories on why this is so. Some
researchers believe there are inadequate
numbers of spawning fish; some suggest
predation, especially on trout eggs and
larval Fish. Contaminants or diseases that
would reduce the chances of successful

hatching are other ideas. Another theory
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LAKE TROUT

 Sale 1 in us namaycush!

is that inappropriate stocking methods
such as planting fish of the wrong age or
in unsuitable habitat have led to the

failure. Some scientists think the fish fail

to return to the proper spawning areas
because they are not adapted to Lake
Michigan, Some think the fish are
maladapted to Lake Michigan because
the stocked Fish are not genetically native
to Lake Michigan. Most scientists feel it
is probably a combination of Factors.

One theory that holds soine promise is
that the fish fail to reproduce because the
reefs that they use to spawn on are
covered with silt and algae that interfere
with successful hatching of the fish eggs.
This silting is a result of eutrophication,
overenrichment of Lake Michigan froin
nutrient pollution,

There is some encouraging evidence of
natural reproduction in Lake Michigan.
The latest report dates from spring 1980.
Divers on a research project in southern
Lake Michigan discovered some larval
lake trout. The fish were in an area of

rocks placed in the Lake around the
water intake oEa power plant. Curiously
all reports of natural reproduction of lake
trout have come from areas with rock

newly placed in the Lake.
Another sour'ce of hope for

establishing a naturally-sustaining
population is the Green Lake strain
which inhabits a shoal in south central

Lake Michigan, the Sheboygan Reef,
This strain may be genetically more
similar to the original Lake Michigan
strain than are other hatchery-reared
strains, It is called the Green Lake strain

because the fish were raised from eggs
taken from trout in Green Lake in

Wisconsin. The lake trout population in
Green Lake is believed to have

descended from Lake Michigan fish
planted in Green Lake.

Before the decline of the species in the
late 1940s and early 19$0s, lake trout
was an important commercial species. It
replaced lake whitefish as the most
valuable species in the cominercial catch
about 1880. The lake trout harvest

peaked at 9 million pounds in 1896, but
it continued to average $ million pounds
a year until 194$. Since 19 $0 the catch
has been less than 100,000 pounds a
year.

Today containinants hold down the
value of lake trout as a commercial

species. Large fish often exceed FDA
contaminant regulations for PCBs.

Lake trout prefer cold water year
round. In winter, the main fish
concentrations are found in water depth
from 100 to 240 Eeet �3 to 79 meters!.
Moderate concentrations are found in

shallower water, 7$ to 100 feet �$ to 33
meters! and deeper waters 240 to 28$
feet �9 to 93 meters!. A few fish may be
Found in the rest of the Lake with none at

all in some areas,

In late spring and early summer, lake
trout distribution patterns are somewhat
more complicated. Main concentrations
are between 30 and 1 $0 feet �0 to 49
meters!. Moderate concentrations are
found in water I $0 and 300 feet �9 to
98 meters!, As the waters warm during
the summer, lake trout move into deeper
water. Lake trout seek cold temperatures.
The fish is active in teinperatures
between 44o and $3oF�o and 11 $a
C!. Peak feeding occurs at $1'F
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�0.$ C!. When upwelling occurs near
shore, lake trout can be found in the cold
water nearer the surface and closer in to

shore than under usual Lake conditions.

Because lake trout feed chiefly on
a]ewives, they follow closely the depth
and movements of the alewives.

Lake trout generally spawn from mid-
October to mid-Novetnber in shallow

Distribution of Lake Trout

rocky bottom areas where the water is
less than 1 t feet � meters! deep, The
eggs fall down into holes and crevices in
the rocks. This protects the eggs from
predators. The lake trout do not remain
in the spawning grounds very long;
instead, they move into deeper, colder
waters,

Fish are more prevalent in the

northern portion of the Lake because
stocking was begun in the north and

ore fish were planted there.



YELLOW PERCH

 Perca flavescens!

Yellow perch, better known around
Michigan as lake perch, has long been an
important species to people who fish
Lake Michigan for sport and for a living.
Its sweet, nutty flavor inade it the staple
of the Friday Night Fish Fry which was
once an institution in many Lake-side
coinmunities.

Perch is one of the smaller fish species
popular in the Lake. The average length
is only 4 to 10 inches �02 to 2 $4
rnillimeterS. Maximum age is about 10
years. Perch feed on irnrnature insects,
large invertebrates and the eggs and
young of a variety of Fishes. They will
feed practically anywhere, in the open
Lake or off the bottom. They feed
actively year round and are relatively
easy to catch. While they do not put up
the fight of the big game fish, their
excellent flavor and the possibility of
catching good numbers of fish make a
rewarding catch to the thousands of
anglers who � spring, summer and fall�
line Lake Michigan piers bent on
bringing home dinner, In winter people
fish For perch through the ice.

Yellow perch has been important
commercially at least since the 1880s
and a popular sport species since at least
as early as the 1920s. The numbers
caught decreased in the early to rnid
1960s probably due to a combination of
overfishing and interference from
alewives, which became abundant in the
1960s. In spring when perch spawn,
alewives are heavily concentrated in the
shallow spawning and nursery areas
favored by perch. Alewives inay inhibit
reproduction of perch by competing with
the fry for planktonic food or actually

eating the fry. The highest recorded
commercial catch For perch froin Lake
Michigan was 3.8 million pounds in
1964. Since 1964, the annual
commercial catch has been considerably
lower. It reached 1.2 million pounds in
1974 but averaged 906,000 pounds
from 196$ through 1977.

Perch spawn in early spring in water
in the 44o to 34oF  8o to 12oC! range
Adults move shoreward into the Lake

shallows to spawn. Perch are very
adaptable and able to use a wide variety
of warm and cool water habitats. They
are most abundant in open, clear waters.

In late spring and summer the inain
concentrations of yellow perch. as
indicated on the accompanying inap, are
Found in shallow waters less than 82 Feet

�7 meters! deep. Within these shallow
areas, the greatest concentrations are in
Green Bay and southern Lake Michigan
just north of Chicago to approximately
Grand Haven, Michigan. These are two
of the three Lake areas with the most

water less than 60 Feet �0 meters! deep.
In summer, moderate numbers of

yellow perch concentrate in shallow
water froin Grand Haven to Frankfort on

the east side of the Lake. Within this

area there are some pockets of heavier
concentrations. On the west side of the

Lake, perch congregate in shallow water
From Chicago to Green Bay. This is the
same geographical area as the main
concentrations of perch, but the
moderate concentrations are Found in

slightl y deeper waters.
Few if any perch can be found in

summer in the rest of the Lake including
a rather large shallow area at the

northern end of the Lake, This northern

area is where the alewife first became

abundant and it probably outcornpeted
the yellow perch. Overfishing may also
have been a factor in the depletion as
perch has not regained anywhere near its
Former numbers in this area.

The exact depth distribution of perch
in summer depends on bottom water
temperatures in shallow water. These
temperatures can change suddenly with
shifts in wind direction or speed. The
temperature changes and consequent
changes in perch depth distribution can
be slight, but they may also be
considerable when wind changes cause
strong upwellings or when these
upwellings subside.

During winter, yellow perch is mainly
concentrated in waters between 60 to

120 feet �0 to 39 meters! deep in the
southern end of the Lake and in shallow

waters of Green Bay, 60 feet �0 meters!
or less. Moderate numbers of perch
congregate in waters 30 to 60 feet �0 to
20 meters! deep in southern Lake
Michigan and at 60 to 120 feet �0 to 39
meters! in the rest of the Lake except in
the extreme northern end. Over the rest

of the Lake where bottom depths are
greater than 120 feet �9 meters! or less
than 30 Feet �0 meters! and all depths in
the extreme northern end, few if any lake
perch are to be found.

According to LaRue Wells, a Fishery
biologist who is an expert on Lake
Michigan fisheries, the future of yellow
perch in Lake Michigan depends to a
large extent on the density of alewives.
There is soine evidence that the alewife

population has stabilized since 1970. But
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SMELT

 Osmeridae!

Spring in the Lake Michigan region
brings a nighttime ritual of lanterns, dip
nets, and hauls of tiny silvery fish. When
the water begins to warm, the tiny smelt
seek stream mouths and nearshore areas

to spawn, When they come in, avid smelt
dippers are there waiting to haul in their
silvery catch,

Smelt is not native to Lake Michigan.
Also known as the rainbow smelt, it was

originally Found along the Atlantic coast
from Labrador to Virginia, It is an
anadromous species; that is, it spends
roost of its time in salt water, entering
freshwater tributaries or estuaries only
long enough to spawn, Some tiine ago,
smelt began migrating up the St,
Lawrence River, adapting to a totally
freshwater existence in the process.
Niagara Falls stopped further migration
and smelt were found no farther west

than Lake Ontario until 1912.

Around the turn of the century, efforts
were begun to introduce smelt to the
Great Lakes as forage for lake trout,
After several unsuccessful plantings in
various years and places, 16.1 million
eggs were planted in Crystal Lake,
Benzie County, Michigan in 1912.
Evidence suggests that the entire
American smelt population of the upper
Great Lakes traces its ancestry to the
Crystal Lake planting,

The first smelt reported in Lake
Michigan were caught in a commercial
net in 1923 off Frankfort, Michigan, at
the mouth of the Betsie River which

drains Crystal Lake into Lake Michigan,
Smelt reached Green Bay by 1924; they
had occupied the entire Lake by 1936
and had been observed as far down

stream as Lake Erie.

The rapidly sprea'ding Lake Michigan
smelt population was not greeted kindly
by human users of the Lake who viewed
it as a nuisance fish and a potential
menance to native fish. Dire predictions
of the destruction of all Lake Michigan
fisheries were accompanied by demands
to control, if not eradicate, the smelt.

Events have proven the smelt not to
be so villainous as first suspected
although some evidence suggests they
compete with herring, whitefish and
walleye in Green Bay.

Despite their inauspicious
introduction, smelt have become an
iinportant fish in Lake Michigan, In
1931, the first year of coinmercial
harvest records, the smelt catch totalled

86,000 pounds; by 1941 the catch was
nearly 5 million pounds. A catastrophic
smelt die-off, attributed to an infectious
disease, occurred in Lake Michigan in
1943, Thus the 1944 catch only reached
$,000 pounds, The smelt population
recovered, however, increasing steadily
to the record catch of over 9 million

pounds in 19 I8. Since then harvests have
dropped off sharply and have remained
low and highly variable, averaging
perhaps 1 million pounds each year.

Smelt are abundant throughout Lake
Michigan, with predoininant
concentrations in the northern portion of
the Lake and Green Bay. In recent years,
over 90% of the commercial harvest has

been from the bay. The overall quantity
of catches has been low but this reflects

the market for smelt rather than the size

of the fish population.
Smelt prefer cool water; � F �0 C!

is their optimum temperature. They are
sensitive to light as well as to
temperature. Perhaps this accou nts for
their nighttime spawning habits.

During Fall and winter, the main
concentration of sinelr is in the

northwestern part of the Lake around
Manistique, Michigan. Smelt are found
concentrated in waters 130 to 240 feet

�9 to 79 meters! deep; in southern Lake
Michigan heaviest concentrations of
smelt are in waters 1 $0 to 180 Feet �9
to $9 meters! deep, Moderate densities
of smelt occur in waters 30 Feet �0
meters! deeper and shallower than areas
of main concentration.

During early spring, smelt migrate to
shallow waters and tributary streams to
spawn. After spawning they move into
deeper water, apparently more rapidly in
the northwestern than the southern

portion of the Lake. In later spring and
early surnrner, they occupy a very narrow
band at a depth of 30 to 50 feet �0 to
16 meters! From Ludington southward
on the east side of the Lake to Waukegan
on the west. In other parts of the Lake at
this time of year, the main sme/t
population is at depths of 120 to 180
feet �9 to J9 meters! deep, In Green
Bay, smelt are found in water as shallow
as 20 Feet�. I meters! during the warm
months.

Though smelt move from one depth to
another, there is no evidence of general
seasonal rnovernent of the smelt

population from one geographical area of
the Lake to another.
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LAKE WHITEFISH

 Coregonus clupeaformus!

Lake whitefish were the mainstay of
the early fishery in Lake Michigan. They
were easily harvested in great quantity
even in shore seines, th» gear available to
the early fishery. Whitefish were thought
to be superior to lake trout in salted
products, the common way of preserving
fish at the tiiue.

Once again the lake whitefish is the
backbone of the coinmercial fishery in
Lake Michigan. Today they are caught in
trap nets. They are a popular restaurant
menu itein and smoked whitefish is

available in many traditional Lake
Michigan fish markets.

Lake whitefish are native to Lake

Michigan and have undergone major
shifts in abundance through the years.
Since the 1880s coinmercial harvest has

been a major reason for fluctuations in
whitefish populations. Declines in
whitefish abundance began at least as
early as the 1850s along the western
shore. By.1885 abundance had been
severely reduced in many areas,
particularly Green Bay. This decline is
attributed to overfishing and pollution
from sawmills. Sawdust was thrown into

streams to float out into the Lake and

sink. Rough bark chunks and slabs would
tear and carry away nets. Sawdust
smothered feeding and spawning
grounds.

The popularity and importance of the
whitefish led to its being the species
selected for one of the early attempts of
fishery managers to plant fish in the
Great Lakes. The first Fish hatcheries

produced whitefish Fry for stocking in
the Great Lakes.

The lake whitefish has a very tiny, soft

mouth which makes it difficult to catch

on a hook. Also it keeps to deep waters.
A sport fishery has never really
developed For this species, although
recently there has been interest in a
winter sport fishery for whitefish.

Lake whitefish eat a variety of living
invertebrates. Young Fish probably feed
on planktonic creatures, but adults are
bottom feeders; their priinary foods are
in idge larvae and small molluscs like
fingernail clams. Whitefish must eat
great nuinbers of these tiny creatures
because they grow rapidly and can reach
weights in excess of 20 pounds  9
kilograms!, although inost whitefish are
in the 2 to 5 pound  I to 2 kilograms!
range.

Adult lake whitefish average about 17
to 22 inches �35 to 5 59 inillimeters!,
The average age is about 10 to 16 years.
Whitefish spawn in Noveinber and
December, usually in water less than 25
feet  8 meters! deep. They need very cold
water For incubation of their eggs,
Developing very slowly in the icy water,
whitefish eggs require as long as 150
days to hatch. Larval whitefish reinain
near shore until mid-summer of their first

year before moving into deeper, cooler
water. Whitefish eggs ar» often used for
caviar.

The peak commercial harvest was
recorded in 1879, the first time that

fishery production figures were kept, at
12 inillion pounds. By 1892 production
had dropped to 2.8 million pounds.
Another production peak occurred
around 1930 and again in the late 1940s.
Whitefish reached a low point in the
period 1955 to 1960. The sea lamprey

was a major factor in this decrease. In the
hey-day of the lamprey, their effect on
whitefish was not. so great as on the lake
trout, their favorite target. But with the
virtual elimination of the lake trout by
1950, sea lamprey began preying on
whiteflsh, Competition froin smelt may
have been a factor in the whitefish

decline in the 1950s, but the alewife

apparently did not play a inajor role in
the whitefish decline.

Today the popular whitefish fishery is
closely regulated, but concern has been
raised in some areas about Native

American harvests of whitefish. Intensive

fishing by Indians in watei's of
northeastern Lake Michigan has reduced
whitefish nuinbers drastically in that
region according to the Michigan
Department of Natural Resources.

The inain concentrations of whitefish

are in waters between 60 to 120 feet �0
to 39 ineters!. The preferred water
temperatures range froin 54 to 56~F
�2 to 13 C!. Moderate concentrations
occur from 120 to 180 feet �9 to 59
meters! and in waters slightly shallower
than 60 feet �0 meters!. Aside from a
significant population in the vicinity of
Grand Haven, Michigan, few whitefish
are taken in the southern half oF the

Lake. The most heavily Fished
commercial areas are northern Green

Bay, and Big and Little Bay de Noc and
the northeastern waters of Lake

Michigan.
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CONClUSIONS

SUMMARY
Temperature

Where are fish found in Lake

Michigan? What factors determine
where various species are likely to be
Found? How do these distributions

change daily, weekly and seasonally?
How is the present Fish community
different from past years?

This publication answers these
questions, It explains where individual
species of fish concentrate in Lake
Michigan and why, It analyzes eight
species of fish for various seasons of the
year pointing out »tai», moderate and light
concentrations, and it relates these

patterns to the natural Factors which
determine locations and concentrations

of the various species, The main factor' is
water temperature. Other physical
factors involved are surface currents,
upwefling, and water depths especially as
they affect temperature. Food supplies,
competition from other species, and some
other influences are also discussed,

The publication also describes changes
in the distribution patterns through
recent history of the Lake. Many changes
in the fish community have been directly
or indirectly the result of human actions
in Lake Michigan and the surrounding
Great Lalces basin,

Most species currently present in the
Lake are native stocks. In recent decades

several important species have been
introduced to the Lake, notably the
salmon. Several others, sea lamprey and
alewives, were inadvertently admitted to
the Lake through human alterations of
Great Lakes channels to the ocean,

Alterations in water quality are the
major human influence currently
affecting Lake Michigan fish,

Together with food availability and
spawning, temperature explains most fish
distribution patterns in Lake Michigan,
The major exception is spawning when
salmon will tolerate higher than usual
temperatures to reach spawning streams,

Lake Michigan has a seasonal
temperature cycle, Each species has
preferred temperatures for every activity
from feeding to spawning. As water
temperatures in the I.ake change through
the seasons, fish will move about to their

preferred temperatures. The maps in this
publication show those portions of Lake
Michigan with preferred temperatures
for various species through the year.

Bonom depth temperatures proved to
be the most useful guide to seasonal
species distributions, The authors relied
on statistics from research trawls for

information about depths and
temperatures. Although bottom depths
and temperatures do not correlate exactly
over the entire Lake, depths and
corresponding temperature variations
provided the basis for establishing three
zones of concentration � »tai», »tea'crate
and light to»e»e. The bottom depths were
especially valuable for determining
where fish were likely to be concentrated
in the warm season  late spring through
early fall!; most fish species are located in
water layers nearer the bottom during
this titne of year. Even during the cold
months, most species concentrate mainly
at or near the bottom because these are

areas where food is tnost readily
available.

Small localized changes in water
temperatures are important in
determining where Fish might be found

within the broader concentration zones.

Wind changes often alter surface water
currents, especially during the summer.
These changes in location of warm
surface water cause corresponding
changes in the locations of the fish
preferring these warm waters. Marked
changes in water temperature which
occur in strong upwellings bring about
major changes in locations of many
species for a short time. Yellow perch is
an example of a species which shifts with
changing temperatures; other species, for
example alewives, respond little to rapid
shifts in water cemperature. Inability to
adjust to these temperature changes is
implicated in the spring alewife dieoffs.

Changes in the Fish
Community

Since human settlement of the Lake

Michigan region, people have relied on
fish from the Lake for food. Commercial

Fishing was one of the early econotnic
activities in the region beginning at least
by 1843. Human uses of the Lake and
the land surrounding it have had major
impacts on the fish cornrnunity, As
human development of the region
increased, many changes occut'red in the
species composition of Lake Michigan
fish. Cutting of the forests in the region
increased turbidity through soil erosion.
Wastes From saw mills were dumped in
bays and at rivermouths emptying into
the Lake, covering fish spawning
grounds and food supplies, Through the
years, cities, industries and agricultural
activities added pollutants to the Lake
reducing water quality in some areas, and



altering the types of fish which could
survive in those areas, Commercial fish

harvests also influenced fish species.
Harvests have always been concentrated
on a few high value species. Until the
turn of the century whitefish was the
most popular species, with lake trout
replacing it in value until the 1950s.
Today whitefish is again the backbone of
the Lake Michigan commercial fishery,
being the most valuable species, while
alewives are the largest part of the
harvest in terms of poundage.

A major disruption of the native
community of Lake Michigan Fish was
touched off in the 1940s when the sea

lamprey, an invader from the Atlantic
Ocean, established a population in Lake
Michigan. By 1956, lamprey had
virtually eliminated lake trout in Lake
Michigan. The disappearance of the
major predator Fish like the lake trout
cleared the path for a tremendous growth
in alewives, another species which
invaded from the Atlantic Ocean. The
dominance of the Lake Michigan fish
biomass by alewives since the 1950s is
another major influence on present fish
distribution patterns. Alewives affect
other fish in two ways; they crowd out
other species requiring the same
locations and temperatures; and they are
the major food oF some large fish, Thus,
the distribution of fish which feed on

alewives wifl follow alewife

distributions. Through the course of the
year, alewives inhabit practically all
water zones in the Lake. Wherever

alewives are during the year, they bring
about intense competition for space and
food. Inability to compete with alewives

has greatly reduced numbers of yellow
perch, chubs and lake herring. The only
species that may not be affected is the
deep water sculpin which inhabits the
same deep water zones all year. Other
species such as the coho salmon have
flourished because the alewives provide
abundant food, Coho and other predators
have kept the alewife numbers reduced in
the last fifteen years.

With the population explosion of
alewives and the absence of large
predators in the Lake, the stage was set
for salmon stocking. The Michigan
Department of Natural Resources
launched the program in the 1960s,
Pacific species of coho and chinook
salmon were planted in Lake Michigan
and have been extremely successful there.
The plantings have touched off growth of
a sport fishery unmatched in the world.
The fishery and the service industry
which supports it are important
economic contributors in Michigan and
Wisconsin.

Future Distribution

Trends

Lake Michigan fish have gone
through many changes in the last 150
years. Some stability appears to have
been reached in the present fish
community. To maintain current. levels of
fish stocks and the present coinposition
of species, fishery managers must do
several things. First, the predator-prey
balance of alewives and salmon and lake
trout must be maintained. This requires
stocking enough lak» trout and salmon to
replace the sport fishery take, Also, the

current controversy over Native
American Fishing rights must be resolved
to prevent damage to lake trout and
whitefish stocks. Furthermore, Lake

Michigan water quality must be kept
high and improved in problem areas.
Also other uses of land and water in the
Lake Michigan basin must be carried out
in ways that do not interfere with
maintenance of the fish stocks.

Fish in Lake Michigan are a major
resource for food and recreation,

Understanding the distribution patterns
and the factors which control them will
help citizens, politicians, commercial
fishers, anglers and researchers forge
public policies that will ensure viable fish
cornrnunities in Lake Michigan for the
future.

37



SELECTED REFERENCES

Thrs lists the refersrres siost ¹ndi» compili»g tbe graphics a»d text iie this
p¹blrcati vis, Numbers i» pare»theses at the csd of ais e»try i»dicate pago for sobich

rhc its» seas used as a source for a »sap ori llussrati ou,

Ayers, J. C., D. C, Chandler, G. H. Lauff, C, F, Powers, and E. B.
Henson, C¹rrcstsavd Water Plasses of Lake strf schsga», University of
Michigan Great Lakes Research Institute, Public. No. 3, 19 I 8. 169 pp.
�, 7, I 0.1 I!

Bails,J, D. and M. H. Patriarche, eds. Stat~s of SelectedFBb Stocks se
hficbiga»'s Gr~at Lopes Waters arsd Rccosimc»datio»s for Cosrsrercial Harvey
Michigan Depamment of Natural Resources Fisheries Division. 1974.
� 3!

Baldwin, N. S. and R. W. Saalfeld, M. A. Ross and H.J. Buettner.
Commercial Fish Frodurtio»iis the Great Lakm 1867-1978, Technical
Report No. NN of the Great Lakes Fishery Commission, 1979, 189 pp.
�7, 20!

Borgeson, D. P., editor, Coho Salsro» Statm Report sp6p-66, Fish
Managcrucnt Rcport No. 3, Fcb. 1970. Michigan Department oF Natura!
Resources, Fish Division. 31 pp.

Brown, E. H.Jr., "Population Biology of Alewives, Alosapse¹dohaee»gus,
in Lake Michigan, 1949-70." Jour»al of the Fisherin Research Board of
Ca»ada, Vok 29, 1972, pp. 477-f 00.

Christie, W,J�"Changes in the Fish Species Composition of the Great
Lakes." Jo¹rsal of the Fishcrics Research Board of Ca»ada. Vol. 31, No. I,
1974. pp. 827-8 $4.

Church, P, E�Tbe A»»ual Tesiperaiun Cycle of Lake hfichsga». I. Cooling
from Laic Autumn to the Tersninal Point, 1941-42. 11. Spring Warming
and Summer Stationary Periods, 1942. Miscellaneous Reports No. 4 aod
No.  8. Thc Dept. of Meteorology of the University of Chicago, August,
1942. �, 7!

Curtis, G., A, T, Fisher and D. R. Talhelm. A ogler's Guide To Mirhigas's
Great Lakes, Michigan Department of Natural Rcsourccs, 1980.

Edsall, T. A. and D, V, Rottiers, "Temperature Tolerance of Young-of-
the-Year Lake White gsh, Corego»us rlupeaforsris," Jour»al of rbe Fisheries
Research Board of Ca»au'a, Vol. 33. No. l. 1976, pp. 177-180.

Eschmeyer, P. H., "The Near Extinction of Lake Trout in Lake
Michigan." Tra»sarsso»s of the America» Fhheries Socigty, Vol, 8 I, 19f I,
pp. 102-119.

Great Lakes Basin Commission, Fish. Great Lakes Basin Framework
Study, Appendix 8. Prepared by Fish Work Group, 197 f. �-3!

Grumblatt, John L., Creat Lakes Water Temperatures, sp66-th Great Lakes
Environmental Research Laboratory, Ann Arbor, Michigan, August,
19'76, NOAA Tcchnical Mesnorandum ERL-GLERL-11-1. �, 7!

Hughes, I.awrence A. Tbe Temperature Cycle of Lake itgicbigas. I. Spring
and Susnmer; 2. Fall and Winter. NOAA Tcchnical Mesnorandurn NWS
CR-41 and 46, U.S. Dcpartrncnt of Commerce, National Weather
Service, 1971. �, 7!

Jensen, A. L., "Assessment of the United States Lake Whitegish  Coregosus
rlupeaforsris! Fisheries of Lake Superior, Lake Michigan, and Lake
Huron." Jour»al of the Fisheries Research Board of Ca»ada. Vol. 3 3, 1976,
pp. 7 47-7 f 9.

International Joint Comsnission. Great Lakes Science Advisory Board,
A»»ual Report of the Scie»re Advisorr Board July 1979, pp. 73-74.

International Joint Commission, Great Lakes Water Quality Report 1978.
International Joint Commission, Great Lakes Water Quality Board.

5casus Report o» Orgasii- a»d Heavy Metal Co»tami»astsi» the Lakes Erie,
prfirhigas, Hurou asd Ssiperioi Basi». 1978. 373 pp.

Jobes, F. W., "The Age, Growth, and Bathymetric Distribution of the
Bloater, fascscbthys hoyi  Gill! in Lake Michigan." Papers of the hlichigau
Acadessy of Scscscc, Arts aud Letters, Vol. XXXIII, 1947,

Jude, D. "Lake Trout Findings" Jour»al of Gtmt Latter Research July 1981,
Vol. 7  I!: f7-61.

Leshkevich, G, A�Great Lakes Ice Cover, Ws'»ter rptt-76, Great Lakes
Environsnenral Research Laboratory, Ann Arbor, Michigan. June, 1977.
NOAA Technical Mesuorandum F RL GLERL-12.

Lievense, S. L., Catrhmg Great Lakes Sal»rmr ifv" Trout, A Michigan
Dcparunent of Natural Resources Publication,  N.D.! 16 pp.

Magnuson,J.J., L. B. Crowder, and P. A, Medvick, "Tesoperature as
an Ecological Resource." Americas Zoologist Vol. 19:3 31-343, 1979.

Michigan Department of Conservation, ptfichsga» aud the Gnat Lakes.
Water Resources CommissiosN tJI!~ltLn IItJ  $4gpf N   U ~ Pfi!  TED� .'"<>

Pt-LL L;Bn,',f<Y B .  ! ..'':,.:
g g , fl -,iRPAGt-,",='.t t

 l.;in,i :s'.Ji.;t i<. '

Michigan Department of Natural Resources reprint of. "Great Lakes
Anadrosnous Trout and Salmon P antings for Lake Michigan by County
and Species " 1966-1979 for Michigan waters

Michigan Department of Natural Resources. IVIirhiga» Fishcrics
Cc»tes»s'al Rcport rttr3-sttpy Fisheries Management Rcport No. 6, 1974.
� 3!

Moffett, J. W., "Recent Changes in the Deep-Water Fish Populations of
Lake Michigan," Trassaaio»s of tbe Americas Fisberios Society, 86th Annual
Meeting, Toronto: 1936, pp. 393-408.

Mortimer, C, H�Large-Scale Oscillatoryhl otiose asd Scuse»al Temperature
Cha»gesis lake hfichigas a¹d Lake Ostario. Part I, Text, Part II,
[llustrations, Special Report No. 12. Center For Great Lakes Studies,
University of Wisconsin-Milwaukee, 1971,  8-11!

hfortimer, C. H., E»viro»mestal Status ofsbe Lake hfirhigas Region. Volutne
2, Physical Limnology of Lake Michigan Part 1. Physical Characteristics
of Lake Michigan and its Responses to Applied Forces. Argonne
National Laboratory, Argonne, Illinois, June, 197 f. �-9!

Noble, V, E�"Temperature Structure of Lake Michigan," 5tudios os the
E»oi re»mesc asd Eutrcphicatios of ~e hl scbiga¹. Special Report No. 30,
Great Lakes Research Division, John C. Ayers and David C. Chandler,
editors. The University of Michigan, Ann Arbor, Michigan, 1967, pp.
340-36 f.

Otro, R. G., M. A. Kitchel and J. 0, Rice, "Lethal and Preferred
Temperatures of the Alewife  Alosa pscudoharengus! in Lake Michigan."
Tra»sactio»s oftbe Amnira» FishericsSociety, January, 1976, Vol. 10f, No.
I, pp. 96-106.

Parsons, J. W., History of5almo»i» thc &est Lakes, silo-rfs~, Technical
Paper No. 68 of the Bureau of Sport Fisheries and Wildlife. April 1973.
U.S. Department of Interior, Fish and Wildlife Service, 80 pp. � 3-3 I!

Rybicki, A. W. and M. Keller. The Lake Trout Resource i» ptfitbiga»
Waters of Lake hfichega», tyro-t6, M ichigan Department of Natural
Resources, Fisheries Division. 1978. �1, 32!

Sato, G. K. and C. H. Mortimer, Lake Cunt»ts a»d Temperature> Near the
Wester» Shore of Lake hficbigas, Special Rcport No. 2 2. Ccn ter for Great
Lakes Studies, University of Wisconsin-Milwaukee. 197 5, �-9!

Scott, W, B, and E.J. Crossman. Fresbscatcr Fishes of Ca»ada. Bullecin
184, Fisheries Research Board of Canada, 197 3.

Smith, S, H., "Thc Alewife," Lim»os, Vol. 1, No. 2, Sumsner 1968.
Smith, S. H�"Species Interaction of the Alewife in the Great Lakes."

Trrmsacti oss of the A»seri a» Fisherios Societt, Vol. 99, No. 4, 1970, pp.
7 I 4-76 j.

Smith, S. H�"Species Succession and Fishery Exploitation in the Great
Lakes." Jour»al of Fisheries Research Board of Ca»ada, Vol. 2 f, No. 4,
1968, pp. 667-693.

Sommers, L, M., editor, Atlas oflttlscbiga», Michigan State Uriiversity
Press: 1977.

Tainter, S. and R.J. White, Sr»res so Salmo» Charccrs. syo Years of Alicbiga»
Graetlakes Fisheries, Cooperative Extension Service Bulletin E-1000,
Michigan State University, May, 1977, 16 pp.

Tanner, H. A., M. Patriarche and W.J. Mullendore, Sbapisg thc
WorM's Finest Fsvshssaser Fisberp Michigan Department of Natural
Resources, Lansing, Michigan, April 1980. �3-3 I!

Tody, W H. and H. A. Tanner, Coho Salmor for the Great Lakes Fish
Management Report No. 1, Michigan Department of Conservation.
February, 1966. Fish Division, 38 pp.

U.S, Environmental Protection Agency, Toxic 5¹bstasccs i» the Grvat
Lakes, June 1980. �2, I 3!

U.S. Fish and WildliFe Service, Fish a»d Wildlife as Rdated to Water
Q¹ali t7of tbc lake hficbiyr» Basis, Appendix VII, A special report on Fish
and Wildlife Resources, March, 1966, U.S. Dept. of Interior, Fish and
Wildlife Service.

Wells, L. and A. L. McLain, "Lake Michigan: Effects of Exploitation,
Introductions and Eutrophication on the Sabnonid Cosnmunity " dose»al
of she Fisberics Research Board of Ca»ada, Vol. 29, No. 6, 1972, pp. 889-
898.

Wells, L. and A. L. McLain, Lake Alichsga»: Aa»'s Effects ou Native Fish
Stocks a»d Other Biota, Technical Report No. 20, Great Lakes Fishery
Commission, January, 1973 �3-2f!

Wells, L�"Changes in Yellow Perch  Porta!laoesress! Populations of Lake
Michigan, 193471," Jour»al ofthc Fisheries Research Board of Ca»ada,
Vol. 34. No. 10, 1977, pp. 1821-1829.

Wells, L., "Seasonal Depth Distribution of Fish in Southeastern Lake
Michigan," Fisbes7 Bulls~, Vol. 67, No. I, June, 1968, pp. 1-1 f. �1-26,
29-30! P f  ' J. l ti }.  I



s 7-

C

!

 

"e
C

f

 -.,
! C

C
!  

!

~ "~z': ~ .:~~C+A~ g . ~  

' ',:;!'.7




