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FOREWORD

The public agencies responsible for the management of the
f i sher ies  in  wes te rn  Lake  Er ie  have  been  concerned  fo r  many
years by the violent instability of the fish resources and the suc-
cession of species that have become either economically insignif-
ican t  o r  b io log ica l ly  ex t inc t . These problems have also drawn
the attention of a number of international commissions.  Not once
have these efforts led to a common management approach by the
various governments with responsibil i ty in this area. Short -run
self-interest  appears to have blocked cooperation to the ult imate
disadvantage of all  users.

Concern became acute, a decade ago, with the collapse of the
popula t ion  of  the  wal leye-a  spec ies  tha t  was  then  no t  on ly  the
most valued one to commercial  and sport  f ishermen but also the
last of the “high value” fishes remaining in the lake. Research pro-
grams were begun, fishermen were interviewed, fishery experts
consulted,  but no common agreement could be reached as to the
cause or causes of the changes in the fish populations or the kind
of concerted action that might be taken to improve matters.

The report  that  we present here is  a reasonably comprehen-
sive summary of information bearing on the problem of the walleye
in  wes te rn  Lake  Er ie . The information is organized to permit
evaluation of all the major hypotheses that have been suggested re-
cently as explanations for the observed fluctuations in the walleye

p o p u l a t i o n . Those hypotheses that  we believe to be correct  are
identified and presented in a conceptual framework that we hope
will be useful not only for the purpose of current management of
t h e  r e s o u r c e  b u t  a l s o  a s  a  g u i d e  f o r  f u t u r e  r e s e a r c h .  W e  a r e
aware of the existence of data relevant to the problem of the wall-
eye in western Lake Erie that sti l l  have not been analyzed from
the standpoint of the views proposed here;  when these data and
new information are evaluated we expect that some of our present
inferences and judgments will be found to be incorrect or, at least,
inadequate. Nevertheless, we present this analysis with confidence
as an adequate basis for the much needed management decisions
that are required at  this t ime if  the walleye resource of western
Lake Erie is  to be preserved.

In acknowledging here a special indebtedness to a number of
persons for data, observations and comments made available to us,
we do not wish to imply that  these persons necessarily subscribe



to all  the inferences we have drawn. We thank W. D. Addison,
F.  M. Atton,  N. S.  Baldwin,  M. J.  Brubacher,  K. D. Carlander,
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M. Hosko, L. J. Johnson, H. Julian, W. H. Krause, K. H. Loftus,
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“The time has come,” the Walrus said

“To talk of many things:

Of shoes-and ships--and sealing wax-

Of cabbages--and kings--

Of why the seas are boiling hot-

And whether pigs have wings.”

* * *

But answer came there none-

And that was scarcely odd, because

They’d eaten every one.

Abridged from Lewis Carroll’s

“The Walrus and the Carpenter”



SUMMARY AND RECOMMENDATIONS

The objectives of this study were to identify the major fac-
tors that have acted to limit the value of the walleye resource in
Lake Erie,  and to infer how one or more of these major factors
might be managed to enhance that value for contemporary and fu-
tu re  use r s .

A preliminary analysis of the reasons for the decline in wall-
eye catches led to identification of four possible major factors:
natural evolutionary processes; changes in the Lake Erie biologi-
cal system due to pollution, enrichment, . . . ; changes in the bio-
logical system due to introduction of new species such as smelt ,
alewife, . . . ; and man’s exploitation of the fish resource. We have
examined each of these possible factors, but not under these spe-
cific headings or in this  order. Instead, we chose a format that
appeared to be more efficient in demonstrating their interrelations.

On occasion we thought it necessary to discuss aspects of the
Lake Erie system not closely related to the walleye but essential to
an understanding of the effect of one or more of the factors consid-
ered to be relevant to the walleye decline. For example, two forms
c lose ly  re la ted  to  the  wal leye ,  the  b lue  p ike  and  sauger ,  were
once abundant in Lake Erie but now are almost entirely absent.
Blue  p ike  popula t ions  exper ienced  a  "co l lapse”  a t  l eas t  a  year
before the walleye declined; the abundance of sauger fell off much
more  gradua l ly  over  a  number  o f  decades .  We doubt  tha t  the
three events were due to different,  independent causes and pro-
vide evidence that all  three suffered from changes in various as-
pects of their environment including the activities of new fish spe-
c ies  and  the  p reda to r  -man . We also suggest that the puzzling
disappearance of the blue pike and saugers may have been accel-
erated by introgressive processes among the three Stizostedion
species.

We believe that  introgression occurred between walleyes and
saugers and walleyes and blue pike in the 1950’s when the walleye
was abundant and the numbers of blue pike and saugers had fallen
to record lows. We ascribe the original collapse, or decline, of the
blue pike and sauger to other factors, and suggest that introgres-
sion was effective in “mopping up” the remnants of these forms.
The detrimental effects of introgression would not be as evident in
the  more  abundant walleye.

Our review of the ecology of the walleye indicated that i t  is
a fish typical of middle-aged lakes that are fairly rich in species
and somewhat turbid,  but have sufficient areas of clean bottom
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and high oxygen concentration for them to spend much of the time
resting on the bottom, and sufficient equally clean areas for suc-
cessful reproduction. We infer from various data that pollution
and enrichment have acted to depress the walleye population and
related forms in Lake Erie but not sufficiently to explain the ex-
tent of the declines. Relatively large areas of western Lake Erie
seem still to provide favorable conditions for walleyes. We do not,
however, expect that walleyes will  again become as abundant as
they were in the early 1950’s;  that level of abundance seems to
have been the consequence of a unique set of factors that are not
likely to occur simultaneously again. In fact,  we see in such a-
bundance not a symptom of health of the whole fish system but
ra ther  a  sys tem d i s rup t ion . A valid analogue might be a sharp
increase in a man’s weight leading to obesity not being indicative
of health but rather of an undiagnosed disease.

We believe that the sharp fluctuations in numbers of the dif-
ferent species in Lake Erie imply disruptions in the interrelations
among the fishes, many of which are traceable to a highly exploi-
tive and essentially unregulated fishery. “Unregulated” here refers
to the absence of biologically meaningful controls with which con-
ventional political regulation may have relatively little in common.
The view that a fishery may have lit t le effect on a population or
group of populations seems to be unique to a group of biologists
tha t  had  some inf luence  over  Grea t  Lakes  f i shery  management
from about 1940 to 1965. We know of no other group of biologists
anywhere in the world that has held similar views in recent times.
We have chosen to go into this problem in some detail since their
advice,  enshrined as management policy, was sti l l  being followed
to some extent in 1967.

Our analysis of past events of the fish populations and fishing
in Lake Erie convinced us that the influence of the fishery has
been  mass ive ,  even  as  ea r ly  as  abou t  1865 .  At  tha t  t ime ,  the
then worthless sturgeon was diminishing in abundance under a
“catch-and-destroy” management policy. By the turn of the cen-
tury  the  Uni ted  S ta tes  f i shermen had  essen t ia l ly  e l imina ted  the
sturgeon and greatly reduced the muskellunge, smallmouth bass,
lake trout,  and lake whitefish populations.  Early in the present
century, the lake herring and blue pike fisheries began to fluctu-
ate violently and never again became stabilized. All of these events
seem largely attributable to an exploitive and essentially unregu-
lated fishery in United States waters. On the other hand, Canadian
wate r s  were , until about 1915, relatively unexploited by compar-
ison and thus for a t ime formed a partial  sanctuary for such mi-
gratory stocks as lake whitefish,  lake herring, and blue pike.

Following economic collapse of some United States fishing com-
pan ies  be fo re  1900 ,  a  se r i e s  o f  r e s t r i c t ive  r egu la t ions  was  en -
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fo rced  and  a  nomina l  ha tchery  p rogram was  expanded .  These
measures did not save the lake trout,  whitefish,  and lake herring
stocks perhaps because the regulations of the different jurisdic-
tions were uncoordinated. It has never been shown that the hatch-
ery program was in general successful, although we believe from
indirect evidence that in some years,  for some species,  the pro-
gram did extend the l ife of the resource.

We ascribe the collapse of the walleye stocks in the 1950’s
to a combination of limnological changes in the Central Basin, the
population explosion of smelt  (which was possible,  we suggest ,
largely because of system instabili t ies traceable to the nature of
the fishery),  and the direct action of the fishery for the walleye,
which became much more intensive in the 1950’s due to the entry
of a large, technologically advanced Canadian gill  net fleet.  The
collapse of the walleye populations followed soon after. The argu-
ment ascribing this collapse to these causes is  somewhat too in-
volved to permit convenient summary.

That irreversible l imnological  changes in the Western Basin
were not solely to blame for the collapse can be inferred from
the fact that a number of relatively large year classes of walleye
have appeared in the Western Basin during the past  decade.  We
would not expect strong year classes if  the environment had be-
come permanently submarginal for the walleye.

The fate of recent year classes (regardless of abundance) was
almost complete extinction during the first two fishing seasons af-
t e r  r each ing  a  s i ze  vu lnerab le  to  3 - inch  g i l l  ne t s .  Very  many
fish shorter than 14 inches (total  length) were taken when gain
f rom growth  fa r  exceeded  loss  f rom na tura l  mor ta l i ty .  Hence ,
we submit that permitting these fish another year or two of free-
dom would not only increase the value of the resource, but also
help to ensure more even reproductive success in the total popu-
lation. It would help further to reduce the tremendous populations
of small  yellow perch, alewives,  gizzard shad, and other species
that offer competition for food and space.

The main events of the past 50 years in the walleye fishery
are as follows: The fishery was dominated first  by Ohio pound
netters who then were superseded by trap netters. Though large
numbers of trap nets were fished, the intensity did not appear ex-
cessive. Trap net technology was relatively static.  Beginning in
1948, a series of technological changes and a laissez-faire manage-
ment policy permitted gil l  netters,  particularly in Ontario,  to in-
crease their effectiveness in taking walleyes, perhaps as much as
5 0 - f o l d .  L a r g e  c a t c h e s  w e r e  m a d e  f o r  a  s u c c e s s i o n  o f  y e a r s .
Contemporaneously, a series of changes occurred in the abundance
of various fish species (smelt ,  yellow perch, and white bass in-
creased; blue pike and sauger diminished) which we believe to be
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related to walleye numbers. The walleye population collapsed and
has not rebounded in strength, We believe the walleye population
would now be larger and the fishery more valuable had recent mo-
dera te  to  s t rong  year  c lasses  no t  been  t aken  in  l a rge  numbers
in gill nets set ostensibly for yellow perch and white bass.

To find further support for our inferences about western Lake
Erie walleyes, we examined available information on the fate of
populations in Lake Huron’s Saginaw Bay and Lake Ontario’s Bay
of Quinte. We found that the three ecosystems differed substan-
tially and hence we did not expect close similarity in recent events.
The evidence that walleyes may have collapsed without a subse-
quent recovery in Saginaw Bay and Bay of Quinte does not imply
that we need to expect the same to happen in Lake Erie. The fact
that a number of moderate to strong year classes of walleyes have
appeared in Lake Erie subsequent to their abrupt decline in the late
1950’s suggests to us that they could have recovered had the fish-
ery permitted i t .

We are optimistic about the intensified pollution abatement
programs currently in effect on Lake Erie.  The view propagated
by some persons that  once a lake becomes polluted i t  is  “dead”
is  s imply  wrong . Lakes can recover,  and the Western Basin of
Lake Erie might recover rather rapidly under intelligent management .
The suggestion has been made that Lake Erie be given over for the
mass production of industrial fish. Under such a policy, predators
like the walleye, yellow perch, and white bass should be eradicated.
This suggestion collides head-on with the objective of the agencies
sponsoring this study which is to find a way of maintaining or re-
covering the valuable walleye resource.

We recommend tha t  the  wal leye  resource  of  wes te rn  Lake
Erie be conserved by a combination of minimum size limit, quota,
and fishing season regulations. Very few accidental  captures in
small-mesh nets should be tolerated; 5 or 10 percent of the total
catch is far too high. Management policy should be reviewed an-
nua l ly  in  the  l igh t  o f  cur ren t  ana lyses  based  on  samples  of  the
existing populations.

We suggest that basic management policy be geared to sta-
b i l i z i n g  t h e  f i s h  S y s t e m . The presen t  po l icy  of  f i sh ing  heavi ly
wha tever  spec ies  i s  cu r ren t ly  abundan t  appears  to  inc rease  the
amplitude of those fluctuations that do occur, creating unstable and
often economically inefficient conditions in the industry. The sud-
den  occur rence  of  a  very  l a rge  year  c lass  o f  a  va lued  spec ies
should be taken as a symptom of serious trouble in the ecosystem
and not the source of glee that it appears to be under the current
approach. Fur the rmore ,  i t  would  no t  be  p roper  management  to
increase quotas greatly with the occasional occurrence of large
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year classes. We make these suggestions to indicate that we
have little faith in the sort of species management policies charac-
teristic of the present approach in the Great Lakes. Our analysis
is intended as a first step toward a more balanced, more rational,
and we hope more successful systems approach to management of
the Lake Erie fishery.



INTRODUCTION

The walleye ’ (Stizostedion vitreum vitreum) in Lake Erie and
closely contiguous waters has supported a fishery for approximate-
ly 140 years. This fishery, which was concentrated in the western
end  of  the  lake ,  has  been  la rge ly  domina ted ,  un t i l  r ecen t ly ,  by
Ohio commercial fishermen. Over the years the annual commer-
cial catch from Lake Erie generally increased with many short-
t e rm f luc tua t ions  o f  modes t  ampl i tude  (F igure  1 ) .  The  Onta r io
commercial  catch rose rapidly in the early 1950’s and surpassed
the combined Michigan and Ohio catches in 1956, when total land-
ings of the walleye reached a very high and unprecedented peak.
Catches then fell abruptly, in spite of intensive fishing efforts, and
have not rebounded in strength since 1959.

There has been an extensive ice fishery by anglers in Ohio
waters for many years which, when the species was abundant, was
par t ly  commerc ia l  and  par t ly  rec rea t iona l .  A  modera te ly  l a rge
summer recreational fishery for walleyes had developed in Ohio
unti l  the walleye “collapse” in 1957-58. Few Canadian anglers
have shown interest in Lake Erie walleyes.

Many Americans and Canadians have shared, and continue to
share ,  an  in te res t  and  concern  for  the  wal leye  of  wes te rn  Lake
Erie. In failing to maintain a high population density, the walleye
has  jo ined  an  increas ing ly  long  l i s t  o f  Lake  Er ie  spec ies  tha t
once were, but no longer are, of major importance to the fishery.

Besides those who have, o r  have  had ,  economic  o r  r ec rea -
tional interests in western Lake Erie’s walleye stock there is  a
group that see in the decline of the walleye another reflection of
our lack of concern about humanity’s impact on its biotic and abio-
tic environment. This group’s concern is  no less real  than that
of the commercial and sport  fishermen.

The walleyes of western Lake Erie (including those in Lake
St.  Clair  and the St .  Clair  and Detroit  Rivers)  are composed of
a number of spawning groups which for most of the year are sep-
arate from walleye populations in eastern Lake Erie and southern
Lake Huron. The fish in western Lake Erie do move periodically
within the basin and into the in-flowing connecting waters,  and
large numbers of them cross the poli t ical  boundaries separating

1 Common names of fish when first mentioned in this report are those
recommended in the American Fisheries Society Special Publication No. 2,
1960; subsequent references to a species may vary somewhat within the
limits of common usages in the Lake Erie area.
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Figure 1. Commercial landings of walleyes from United States and Canadian waters of Lake Erie, 1915-67.



Michigan, Ohio, and Ontario. Hence, what happens to the walleye
in one of these areas affects the interests of people in the other
locali t ies. Cooperation would seem to be in order but for nearly
a century the agencies entrusted with managing this resource have
disagreed on the action to be taken. The laws and regulations of
one agency, when enforced at all, tended to work against those of
another agency. Confusion has been widespread and some ill-will
has arisen.

During recent decades many of the management decisions ap-
pea r  to  have  been  based  on  shor t - run  po l i t i ca l  cons ide ra t ions .
Long-run considerations would require a firm base of ecological
and economic information. Unfortunately, a satisfactory base has
not yet been constructed. Much ecological information has been a-
massed but i t  has not yielded posit ive evidence on the proximate
causes of the fluctuations of fish populations in western Lake Erie.

Fishery biologists no longer expect problems facing them to
be either simple or to have simple solutions.  Only occasionally
in  eco logy  has  a  problem been  nea t ly  iden t i f ied ,  ana lyzed ,  and
solved simply. Specifically,  we have not found a simple explana-
tion for the present problem and do not believe that  one exists.

Our objectives in this study are the treatment of two ques-
tions. What are the factors that have limited and are now limit-
ing the value of the walleye resource in western Lake Erie? How
can one or more of these factors be managed to increase the value
of the resource for contemporary and future users?



SOURCES OF INFORMATION

The scientific and management literature contains a large num-
ber of published and unpublished papers concerning the biology and
ecology of the walleye and on fisheries that exploit  i t . Addison
and Ryder’s*  bibliography on the Stizostedion species, which con-
tains over 1,000 t i t les,  has been part icularly helpful .  A number
of current studies on walleyes in various parts of their range have
also provided pertinent information. New information was sub-
mitted by W. D. Addison, W. J. Christie, J. L. Forney, N. R. Payne,
L. L. Smith,  and others (see Foreword).

Most  s tud ies  re levant  to  the  eco logy  of  wes te rn  Lake  Er ie
have  been  conduc ted  and  repor ted  by  workers  in  Uni ted  S ta tes
agencies and institutions. Frequently, they also sampled Canadian
waters so that we do have considerable information for the whole
lake. There are, however, some limnological, biological, and other
da ta  co l lec ted  by  Canadian  organ iza t ions .  In  the  pas t  decade ,
United States and Canadian fishery agencies have tried to comple-
ment each other’s work. Ohio and the United States federal agen-
cies have concentrated largely on the Western Basin and Ontario
has worked more intensively in the Central  and Eastern Basins.

An extensive general description of the environment and the
organisms of western Lake Erie, based on earl ier  work,  has been
given by Langlois (1954). More recently, many analyses and re-
views on limited topics concerning the physical dynamics, chemis-
try, pollutants, benthos, and microbiota of western Lake Erie have
been published (e.g., Powers, Jones, Mundinger, and Ayers, 1960;
Beeton,  1961;  Hart ley,  1961;  Carr ,  1962;  Davis ,  1964;  Verduin,
1954, 1964; Carr and Hiltunen, 1965; Carr, Applegate, and Keller,
1965). No broad reviews nor general analyses have been publish-
ed  fo r  the  f i sh  spec ies . The most comprehensive,  and also the
most recent, analytic study of a number of fish species was Doan’s
(1942) monograph. These published papers and some unpublished
data (e.g., reports of the University of Toronto’s Great Lakes In-
stitute) have been used to sketch the broad outlines of the factors
in these waters that appear to be,  directly and indirectly,  of ma-
jor significance to the walleye.

An extensive analysis entitled “Report on Commercial Fisher-

2Addison, W. D. and R. A. Ryder. An indexed bibliography of North
American Stizostedion species. Ontario Department of Lands and Forests.
Unpublished manuscript.
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ies Resources of the Lake Erie Basin," dated August,  1966, has
been prepared by personnel of the U. S.  Bureau of Commercial
Fisheries  (Anon. ,  1966). This report  concentrates on the United
States’ part  of the lake and its  f ishing industry but also includes
much that is  relevant to Canadian waters,  for which there is not
a comparable document.

Government agencies entrusted with the supervision of Great
Lakes fisheries have maintained records of landings for commer-
cially important species for the past century. A conc i se  summary
of annual landings has been presented by Baldwin and Saalfeld (1962)
and summaries of more recent years’ catches are also available
f rom these  au thors . In  the  p resen t  s tudy  we  requ i red  da ta  on
catches summarized in more detail ,  i .e. ,  by months,  f ishing gear,
and by the statistical districts defined by Smith, Beuttner, and Hile
(1961). These data, for recent decades, were made available from
the files of the cooperating agencies.  A more detailed study was
undertaken of the commercial catch statistics available for several
selected years in an attempt to learn more precisely the season-
al and spatial distribution of the fish and the fishery. This study
requ i red  a  re - summar iza t ion  o f  da ta  f rom se lec ted  f i shermen’s
reports .

Various important biological  measurements can be obtained
from the age, sex, and length-frequency distributions of the har-
vested animals. Samples of catches of walleyes in both Canadian
and United States waters have been examined more or less routine-
ly by biologists of the several research agencies to provide the
da ta  necessa ry  fo r  th i s  purpose :  These  da ta  were  used  in  th i s
study.

A number of mark-recapture experiments have been made in
Lake Erie over the past 30 years to identify populations and trace
the i r  d i s t r ibu t ions  in  t ime  and  space .  Some of  the  resu l t s  have
been reported by Doan and Edminster (1940), Ferguson and Cum-
mins (1956), Ferguson (1957), and Wolfert (1963). A more recent
ana lys i s  by  R.  G.  Ferguson  and  A.  J .  Derksen  has  no t  ye t  been
published.’

Biologists of the Ohio Division of Wildlife and the U. S. Bu-
reau of Commercial Fisheries have, for a number of years,  sam-
p led  the  f i sh  popula t ions  in  Uni ted  S ta tes  wa te r s  o f  Lake  Er ie
with experimental fishing gear. This work was carefully designed
to provide reliable estimates of the relative abundance of the young-
er age groups of walleyes and other species. Ohio biologists have,
in addition, fished standard, graded gangs of gil l  nets to provide

3Ferguson, R. G. and A. J. Derksen. Migration of juvenile and adult
wa l l eye  i n  Lake  S t .  C l a i r ,  Lake  E r i e .  and  connec t i ng  wa te r s .  On ta r i o
Department of Lands and Forests. Unpublished manuscript: 55 p.
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data on older age groups and also on gear selectivity. Some sup-
porting information has been provided by the Ontario Department
of Lands and Forests.

Very large samples over a broad range of fish size are need-
ed to obtain detailed estimates on the selectivity of gill nets from
catches in standard gil l  net gangs.  At the t ime of Ohio’s nett ing
activities, a sufficiently large size-range of walleyes was not pre-
sen t  in  Lake  Er ie  to  p rov ide  g i l l  ne t  se lec t iv i ty  es t imates ,  bu t
Ohio’s data did permit adjustment of estimates from other sources.
A la rge  se r ies  o f  da ta  on  s tandard  g i l l  ne t  ca tches  o f  wal leyes
was made available by the Saskatchewan Department of Natural
Resources4 ; these data with information from the Ohio Division
of Wildlife provided estimates of the selectivity of gill  nets for
walleyes.

Ohio began a study of the walleye spawning areas of western
Lake Erie in 1960. Methods of sampling eggs with an egg pump
were developed and spawning areas were located during the first
several  years of the study (Manz, 1964).  In more recent years,

 various climatological and limnological conditions during the spawn-
ing season have been monitored by the Ohio Division of Wildlife
and the U. S.  Bureau of Commercial  Fisheries in addition to the
standardized sampling of eggs on Ohio’s reefs. Reefs in Michi-
gan and Ontario waters were also explored, but less intensively.

W a l l e y e  f r y  w e r e  h a t c h e d  f o r  m a n y  y e a r s  i n  a  n u m b e r  o f
hatcheries around Lake Erie. Various hatchery records and find-
ings from special  studies (e.g. ,  Allbaugh and Manz, 1964) have
been examined for corroborative information in various sections
of this report .

Biologists,  including the present authors,  have always relied
heavily on the information and ideas gained from repeated and ex-
tended discussions with fishermen. Their contributions and com-
ments,  though not always charitable or completely reliable,  have
been helpful.

4 These data were collected under the supervision of the late D. S. Raw-
son and F. M. Atton.
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GENERAL ECOLOGY OF THE WALLEYE

Systematic status

Col le t t e  (1963) ,  in  a  r ev iew of  the  Perc idae ,  d i s t ingu i shed
five species of Stizostedion: S. vitreum (walleye), S. canadense
(sauger), and  th ree  European  spec ies ,  S .  l uc ioperca  ( s ande r ) ,
S. marina, and S. volgensis. He made no reference to the blue
pike as a distinct entity, and presumably classed it as a subspecies
of S. vitreum. Collette reassigned the three European species to
Stizostedion to comply with the taxonomists’ law of priority, and
considered North American and European forms to be congeneric,
largely on the basis of morphological evidence. Svetovidov and
Dorofeeva (1963) concurred with Collette’s findings. The two groups
are distinguished by rather marked ethological differences,  e.g. ,
at spawning.

Svetovidov and Dorofeeva (1963) suggested that the Stizostedion
genus arose in Europe and that  the ancestors of American Stizo-
stedion species evolved from a form similar to that of S. marina.
The  l a t t e r  i s  r e s t r i c t ed  to  b rack i sh  wa te r ,  and  the  au thors  he ld
that such a fish could have found its way along the edge of a hy-
pothetical  land or island bridge across the North Atlantic,  some-
time between the Oligocene and Pleistocene periods.

Range

Various writers have given the Great Lakes as the center of
distribution of the walleye. Its l imits are shown generally with
those of the sauger (St izostedion canadense) and the blue pike
(Stizostedion vitreum glaucum) in Figure 2. The northern bound-
ary  for  the  wal leye  ex tends  in  an  a rc  f rom the  main land  near
Anticosti Island in the Gulf of St. Lawrence (W. B. Scott, person-
al communication) to the southern edge of James Bay and thence
northwestward to the southernmost arm of Great Bear Lake. Oc-
cas iona l  wanderers  a re  found  fa r ther  nor th  a t  the  mouth  of  the
Mackenzie River (L. Johnson, personal communication). The north-
e rn  l imi t  l i e s  a t  approx imate ly  the  5’7’  F .  mean  Ju ly  i so therm
(Ryder, Scott, and Crossman, 1964; W. D. Addison, personal com-
munication; see Thomas, 1953, for isotherm data).  Walleyes are
found in the Liard River system and their westward limit extends
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Figure 2. Distribution of walleyes, blue pike, and saugers (modified from
Trautman, 1957). Eastern limit of the walleye does not in-
clude rivers flowing into the Atlantic in which the species may
have been introduced. Blue pike in Lake Ontario may have
been migrants from Lake Erie.
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approximately along a l ine from there to Arkansas and Alabama
where the species reaches i ts  southernmost extension. The Alle-
gheny Mountains form the eastern boundary, except for some riv-
ers that flow into the Atlantic from Connecticut to North Carolina.
Whether walleyes are indigenous to these rivers is  uncertain be-
cause, unfortunately for the researcher,  some of the earliest  ac-
counts of fish distribution postdate the earliest known introductions
of Stizostedion forms (Milner, 1874b). However, we know of no
records of introductions into Lake Erie or i ts  tr ibutaries before
1877, and believe that the walleye, blue pike, and sauger are indi-
genous there.

Habitat

The walleye, throughout its range, is a fish of larger streams
and rivers and certain types of lakes.  R. A. Ryder (unpublished
data) has classified 43 Ontario lakes according to dominant com-
mercial and game fish species and has attempted to determine the
nature of the relationship between various limnological parameters
and the ecologically dominant species. In 10 lakes classed as good
“walleye-lake whitefish-northern pike lakeP5 he found that tur-
bidity ranged from 1.2 to 2.6 ppm (i .e. ,  Jackson turbidity units) ,
to ta l  a lka l in i ty  ranged  f rom 22  to  60  ppm,  and  to ta l  d i s so lved
solids from 47 to 83 ppm. These measurements describe lakes
of intermediate turbidity and fertil i ty that we might term meso-
trophic . He found more turbid and more fertile lakes to be dom-
inated by warm-water species such as centrarchids and less tur-
bid,  less ferti le lakes by salmonids.

Moyle (1954) related the chemistry of Minnesota surface wa-
ters to fish associations and found that walleye habitats, although
exhibiting a considerable range in total dissolved solids (with car-
bonates predominating) were generally associated with the follow-
ing  chemica l  charac te r i s t i c s : total  phosphorus,  0.04 ppm; total
nitrogen,  0.4 ppm; chloride ion,  1.0 ppm; and,  sulphate ion,  2.1
ppm. In Minnesota, good “walleye waters” are typically in areas
of  coni fe rous  fores t . Within its typical range, in suitable lakes,
the walleye usually produces a sizeable year class each year.  In
more ferti le waters,  l ike those of southern Minnesota,  introduced
walleyes showed only sporadic successful reproduction. Walleyes
introduced in lakes of low ferti l i ty in northeast Minnesota grow
slowly and have, in a number of them, apparently displaced lake
trout (Salvelinus namaycush) populations.

That high levels of total dissolved solids in themselves do not
limit  nor preclude successful walleye populations can be deduced

‘S. v. vitreum-Coregonus clupeaformis--Esox lucius
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from Rawson’s (1946) finding that introduced walleyes thrived in
a Saskatchewan lake with total dissolved solids of about 15,000 ppm
(mostly sodium and magnesium sulphates).

From the above data, and much similar information scattered
through the literature, we infer that the walleye can be expected
to do well in mesotrophic waters and less well in oligotrophic,
early eutrophic, and advanced eutrophic environments. In addition,
we judge from the literature and from data in the files of agencies
cooperating in this study that the sauger prefers somewhat more
turbid waters though of similar trophic state, and that the blue
pike prefers somewhat colder waters than does the walleye.

Ryder et al. (1964) and R. A. Ryder (unpublished data) have
found that the depth distribution of the walleye, in “walleye waters”,
is determined more by light intensity than by any other factor, un-
less oxygen is deficient in deeper waters. He agrees, from ex-
tensive field observations, with Moore (1944) who stated that the
adult walleye’s eye is adapted to dim-light conditions and has not
developed adequate mechanisms to compensate for large differences
in light intensity. In consequence, larger walleyes generally re-
main in turbid water (often associated with currents) during hours
of sunlight, or move to deeper waters, or enter shady areas un-
der rocks, logs, or weeds (Kirtland, 1838; Carlander and Cleary,
1949; Whitney, 1958).

J. L. Forney (personal communication) has found that at an
early stage of development walleyes have a strong, positive photo-
tropic response. From the time they hatch until they reach a length
of about 1.5 in., they can be attracted to a light source at night.
Obviously, they are not sufficiently averse to light to prevent their
concentration near the surface when pelagic and along the shore
in shallow water in early summer.

The walleye apparently relies largely on sight to find its prey.
Efficient sight feeding, especially for a large fish seeking relative-
ly large, mobile prey, requires sufficient water clarity to discern
the prey at some distance. Thus, if turbidity is excessive, we
would expect the walleye to be an ineffective predator. Although
the walleye appears to be a sight feeder, it is readily caught at
night on bait or lures; some anglers on Oneida Lake, New York,
claim a dark night, when there is no moonlight, provides the best
fishing (J. L. Forney, personal communication). This and other
evidence implies a partial reliance on some, or all, of the senses
of sound, taste, or smell for feeding. If sight is the major sense
used in the capture of prey, then the walleye must strike a balance
between sufficient turbidity to dim the sun’s light during the day
and sufficient water clarity to find its mobile prey at sunrise and
sunset.

The walleye reportedly prefers a temperature of about 70 to
72O F. in summer (Ferguson, 1958). Some older, larger walleyes
migrate out of the epilimnion during the summer and into depths
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of 80 to 90 ft. Wakeham and Rathbun (1897) found this behavior
in eastern Lake Erie; Van Oosten, Hile, and Jobes (1946) noted it
in Lake Michigan and Payne (MS, 1964) observed it in Lake Ontar-
io. Temperatures at these depths probably range in the low 50’s
(OF.). Water temperatures in summer in McVicar Arm of Great
Bear Lake, the location of one of the northernmost known popula-
tions of walleyes, rise only to about 57’ F. (L. Johnson, person-
al communication). Wal leyes  a re  found  in  severa l  l a rge  r ive rs
in Illinois (Rock River, Mississippi River) and the rather sluggish
I l l ino i s -Miss i s s ipp i  Feeder  and  Main  Cana l s ,  bu t  in  no  I l l ino i s
lakes (L. L. Rock, personal communication).  Some resident pop-
ulations in the rivers tolerate water temperatures as high as the
mid-80’s (°F.)  for extended periods.  Rock believes that  tempera-
ture restricts the walleye from many waters in Il l inois,  but has
found no evidence of summer "kills" due to high temperature. It
appears l ikely,  from all  available information, that l ight intensity
is a more important factor in determining depths selected by the
walleye in summer than is  water temperature (Ontario data).  We
judge from these observations that the walleye is a eurythermic
animal which, in favorable l ight conditions,  prefers temperatures
of 70-72° F. at our latitude.

Although we have no direct data on lethal limits of combina-
tions of high temperatures and low oxygen concentrations for the
North American Stizostedion species, we judge from data on en-
vironmental conditions where they thrive (or once thrived) that the
blue pike prefers lower temperatures than the walleye. Since the
range of the sauger does not extend as far north as the walleye,
but extends somewhat farther to the southwest, we suspect that it
is  less tolerant of low temperatures and somewhat more tolerant
of high temperatures than the walleye. On the other hand, turbid-
ity and sensitivity to light may be important factors for all Stizo-
stedion species.

Scuba divers who have inspected the reefs of western Lake
Erie report that walleyes may be seen during daylight lying mo-
tionless on the bottom. Many similar observations have been made
in other lakes by biologists using Scuba gear (R. A. Ryder, unpub-
lished data;  also personal communications:  W. MacGregor,  1966,
and W. D. Addison, 1967). Observers report  also that  other wall-
eyes may be seen swimming at such times, either in deeper wa-
te r s  o r  in  tu rb id ,  sha l low wate r s .  Mos t  o f  the  pe rc id  spec ies
(e .g . ,  the  dar te rs )  regula r ly  touch  bot tom for  mos t  o f  the  day .
The yellow perch (Perca flavescens) may be the nearest to being
a pelagic percid, but here, too, inactive periods occur at night with
the perch resting on the bottom (Scott, 1955; also unpublished On-
tario data). Certain stages of the young of Perca and Stizostedion
are pelagic. Among yellow perch, the pelagic habit  may extend



well through the first  summer (Ontario data) but not for as long
as does that of the walleye (J.  L. Forney, unpublished data).  We
deduce from these findings and other references that older percids
have, in general, a daily inactive period that brings them into con-
tact  with the bottom. (This also appears to be true for centrar-
chids, ictalurids, catostomids, and some cyprinids, salmonids, and
others. In fact, only a few freshwater fish species are complete-
ly pelagic).

Experienced commercial  and sport  f ishermen expect to find
walleyes concentrated on, or over,  clean hard bottom, i .e. ,  rocky
reefs, hardpan, or clean sand and at the edge of weed beds. Reefs
are presumably good feeding places due to the presence of emerg-
ing insects and small fish. We suggest that the daily “resting re-
quirements” of walleyes may also tend to limit them to such areas.
Their requirement of a relatively high oxygen concentration, as
in fe r red  above ,  p reven ts  them f rom res t ing  on  muddy or  s i l ty
areas with high organic content where oxygen concentrations tend
to  be  low dur ing  pe r iods  when  cur ren t s  o r  ve r t i ca l  mix ing  a re
slight.

J.  L. Forney (personal communication) stated that walleyes
in Oneida Lake tend to concentrate over areas of hard bottom but
that they are not limited to this type of bottom if oxygen condi-
t ions  a re  reasonab ly  favorab le  e l sewhere .  The  adu l t  popu la t ion
apparently moves laterally from relatively shallow water (10-20 ft.)
in May and June to progressively deeper water during the summer.
By middle or late August, significant numbers of walleyes can be
taken by trawling at 30-40 ft .  over mud bottom. If  forced out of
deeper waters by low oxygen after temporary thermal and chemi-
cal  stratif ication,  walleyes reappear in these areas within 2 to 3
weeks after the oxygen concentration again becomes adequate.

Forney’s observations are based on trawling, which in Oneida
Lake is limited to a few sand bottom areas at depths of 15-20 ft.
a n d  e x t e n s i v e  a r e a s  o f  m u c k  b o t t o m  a t  d e p t h s  o f  o v e r  2 5  f t .
Shoals are not sampled by trawl, hence it is impossible to deter-
mine directly what proportion of the population might be resting
on mud bottom. On the basis of the area swept by Forney’s trawl
and the catches he made, it would appear that significant numbers
are resting over mud bottom. The average catch in late summer
and fall is about 20 age IV and older walleyes in a haul covering
approximately 3 acres;  population density in the lake has ranged
from 15-20 fish per acre during the years when this trawling has
been conducted.

In summary, we believe that the walleye is most successful
in mesotrophic waters and not very tolerant of either oligotrophic
or advanced eutrophic conditions. More particularly,  we expect
to find walleyes,  at  least  in summer, in waters with a turbidity
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between about 1 and 3 ppm (Secchi disc reading roughly 4 to 10 ft.),
a  dep th  o f  a t  l eas t  30  f t .  ( i f  the  wate r  i s  f a i r ly  t ransparen t ) ,  a
temperature between 60 and 80° F. ,  and a bottom that  contains
areas of clean rock or sand.

Reproduction

Wal leyes  spawn commonly  over  rock ,  rubb le ,  o r  g rave l  in
s t r eams , sha l low of fshore  ree fs ,  o r  a long  shore l ines  o f  l akes
(Eschmeyer,  1950).  Some populations spawn over vegetation in
flooded areas (Nevin, 1900; Schumann, 1964). Still, the absence of
su i t ab le  spawning  a reas  seems  to  be  a  major  f ac to r  p reven t ing
wal leyes  f rom es tab l i sh ing  themse lves  in  some eu t rophic  l akes
(Moyle, 1954).

We know of no species of fish that regularly lays "unprotected”
eggs on an undisturbed mud bottom. The eggs of some species
(e.g., deepwater chubs), although laid on such a bottom, are pro-
tected from extensive contact with the bottom because they retain
loose contact with each other and are semi-buoyant (S. H. Smith,
personal communication). Lake-dwelling species have developed
migratory and homing behavior, or other complex physiological
mechanisms or behavior patterns, that effectively prevent deposi-
t ion of unprotected eggs on a mud-water interface.  We can infer,
therefore, that the latter must generally be unsuitable for egg de-
velopment. Colby and Smith (1967) found that oxygen concentrations
are likely to sink to low levels very near the mud-water interface,
and that hydrogen sulphide concentrations are apt to be high.

The evidence just  reviewed suggests that if  stream, reef,  or
shore  a reas  become enr iched  and  beg in  to  t ake  on  some of  the
faunal and floral characteristics of a mud-water interface, we would
expect hatching success to deteriorate in these locations.

Walleye eggs are adhesive for some hours after spawning and
then lose their adhesiveness (Leach, 1928; Nelson, Hines, and Beck-
man, 1965). I f  depos i ted  on  rocky  or  grave l ly  a reas ,  they  may
adhere to the rocks for a short time, but ultimately drop between
them. If these cracks and crevices have become partly filled with
mud and associated organisms, the settling eggs would, in effect,
land on a mud bottom. Also, if  the interstices are partly fi l led,
there would be a greater l ikelihood of eggs being found by egg-
eating fish or other organisms, or washed out of the crevices on-
to an even less hospitable bottom.

Walleyes have a high fecundity; various studies have shown
between 30,000 and 300,000 or more eggs per female,  depending
partly on female size and partly on other factors (Carlander, 1950a).
As many as 612,000 eggs have been found in a large walleye from
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western Lake Erie (D. R. Wolfert ,  unpublished data).  That this
species lays such a large number of eggs (much larger than most
freshwater species) indicates that under normal circumstances, even
in good “walleye waters,” a very large proportion of eggs cannot
be expected to survive through the fry stage. The question of the
percentage of eggs deposited naturally that were fertilized and hatched
has puzzled biologists and fish culturists of past  decades.  Baker
and Manz (1967) found, over a 7-year period, that between 19 and
49 percent of large numbers of eggs taken from reefs in western
Lake Erie had live,  developing embryos.

Weather conditions may be the critical factor affecting surviv-
a l  a t  th i s  ea r ly  l i fe - s tage . Winds that  generate strong currents
or seiches would tend to sweep eggs from reefs and shores and
deposit them in less suitable places. Freshets would scour stream
beds or deposit silt on them. Fluctuating temperatures would tend
to disrupt spawning in the sense that  the fish might spawn inter-
mittently over a period of weeks instead of over a much shorter
interval  if  temperature rose steadily.  Schumann (1964) reported
that during a cold spring, following a warm init ial  burst ,  many
walleyes failed to spawn and that many eggs spawned late in the
season were steri le,  apparently because they were physiologically
too old.

Baker and Manz (1967) have found an inverse relationship be-
tween relative abundance of young-of-the-year walleyes in late sum-
mer and the length of t ime required for walleye eggs to hatch.
They also found no discernible relation between the success of the
“hatch" and the relative abundance of eggs,  or the percentage of
them viable. It appears, however, that if the water warms rapidly
after most spawning is completed, the number of fingerlings pro-
duced is above average. Whether temperature is,  in fact ,  the im-
mediate factor,  or whether i t  is  some combination of correlated
factors (as we might suspect) ,  is  not known. Payne (MS, 1964)
found some evidence that stronger year classes of walleyes tend
to  a r i se  dur ing  warmer  than  average  spawning  seasons .  Other
workers have discovered no comparable relat ionship (Carlander,
1945; Doan, 1942).

Predation on young

Aside from the apparent vulnerability of walleye egg and yolk-
sac stages to events correlated with storms, temperature,  and eu-
trophic conditions, the behavior of the fry after the yolk has been
absorbed adds to the problems of survival . The fry rise to the
surface where they remain for several weeks feeding upon plank-
ton and being preyed upon themselves by other fish (Forney, 1966).



I f  p i sc ivores  of  the  r igh t  s ize  to  ca tch  f ry  e f f ic ien t ly  a re
abundant in the surface waters, we would expect a hatch of wall-
eye fry to be decimated. No detailed studies have been reported
on the predation of larger fish on walleye fry. Fry of no other
spec ies  in “walleye waters” are likely to be large enough to be
predators when the walleye fry are pelagic (usually in May and
June). Furthermore, the largest pelagic predator fish (older wall-
eyes) are probably ineffective in capturing small fry. We suspect,
therefore,  that i t  is  the yearlings and older fish of species l ike
the yellow perch, white bass (Roccus chrysops),  alewife (Alosa
pseudoharengus), and  Amer ican  smel t  (Osmerus  mordax) that
are the effective predators on the pelagic young of the walleye.

J. L. Forney (personal communication) suspects that predation
on wal leye  f ry  i s  mos t  se r ious  in  s t reams or  immedia te ly  ad ja -
cent to shoals where walleyes spawn. It  is  only in these areas
that fry would be sufficiently dense to attract predators and where
predators are likely to feed selectively on fry. Young perch (ages
I and II)  enter the lower sections of streams flowing into Oneida
Lake during the spring. In one of these tributaries, Scriba Creek,
yellow perch have been found “stuffed" with walleye fry. Th is  s i t -
ua t ion  may be  abnormal ,  because  the  cons tan t  loss  o f  f ry  f rom
the Constantia Hatchery,  located on the stream, places relatively
large numbers of fry in the creek. The low density of fry after
they have dispersed in the lake may afford some protection from
predation, judging from Ivlev’s (1961) studies of the effect of food
density on selection.

Food, feeding habits, and predatory interactions

Hohn (1966) found that diatoms were the first food of pelagic
walleye fry in western Lake Erie. Smith and Moyle (1945) observ-
ed that rotifers were the most important early food of fry in rear-
ing ponds. On the other hand, Houde (1967) found that large zoo-
plankters,  part icularly copepods, were the init ial  food source of
walleyes in Oneida Lake. Although rotifers. were abundant in plank-
ton samples from Oneida Lake, only one was found in a walleye
stomach during a 3-year study-which suggests some food selec-
tivity at an early stage of development. Rogowski and Tesch (1960)
found that sander did not eat rotifers although these were common
zooplankters available to them.

Some European workers hold that weather conditions during and
shortly after the spawning seasons are cri t ical  for fish because
weather largely determines whether suitable food organisms will
be available when needed (see e.g., Tesch, 1962; Einsele, 1965).
So far as we know, no direct evidence has been advanced that suit-



able food is sometimes unavailable for walleye fry.
Whether walleyes at any life-stage have a pronounced prefer-

ence scale of prey species is  debatable.  Apparently no one has
examined the problem critically, taking into account, among other
factors,  the relat ive sizes of predator and prey.  Wolfert  (1966),
in a study of the food habits of young-of-the-year walleyes in Lake
Erie, found evidence that they selected a higher proportion of small,
pelagic cyprinids than yellow perch of equal size. Soft-rayed fish
including emerald shiner (Notropis atherinoides), spottail shiner
(Notropis hudsonius), and alewife appear to be preferred where
they are available,  but other species are often taken (see Doan,
1942; Moyle, 1949; Rawson, 1957; Payne, MS, 1964; Wolfert, 1966).
In short, the walleye would be likely to starve only in those waters
where few mobile organisms of intermediate size are available.

The growth of walleyes in some lakes of Northern Ontario is
very slow. Unpublished data collected by R. A. Ryder show that
very few small  cyprinids,  percids,  salmonids,  etc. ,  can be caught
in such lakes. Here, presumably, availability of food is the limit-
ing factor. Forney (1965) has found that slow growth of the wall-
eyes in Oneida Lake in some years can be related to a low abun-
dance of prey of suitable size. In such years, Forney has found
that relatively few perch survive their first  year,  apparently fall-
ing prey to the walleyes in that-brief period. Tesch (1965) has
found that the sander and European perch (Perca fluviatilis) have
an interaction similar to that of the walleye and yellow perch in
North America. If the sander manages to maintain adequate year
classes year after year, the perch population suffers, and vice ver-
sa. Moyle, Kuehn, and Burrows (1950) noted that Minnesota lakes
which were suitable limnologically for walleyes had sparse popu-
lations where yellow perch were abundant. Yellow perch of various
life stages may be heavily preyed upon by walleyes of correspond-
ing older life stages thus ruling out direct competition for food as
a reasonable general hypothesis for such occurrences (Moyle, 1949).
We would expect, however, that predation by very numerous small
perch upon walleye fry would limit effectively the abundance of
walleyes.

American smelt  and walleyes occur together in few waters.
In the Great Lakes these populations have not come together un-
ti l  recent decades. Van Oosten (1947) found some evidence that
smelt  had acted to l imit the success of year classes of lake her-
ring (Coregonus artedii), lake whitefish (Coregonus clupeaformis)
and “perhaps walleye” in Green Bay of Lake Michigan.

Cannibalism may also occur under certain circumstances. J. L.
Forney (personal communication) has found evidence consistent
with the hypothesis (though not conclusively so) that dense popula-
tions of older walleyes prey on young-of-the-year walleyes during
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their  f irst  winter,  when both age groups occupy similar environ-
ments. A self-limiting mechanism of this type would certainly act
to reduce, if not regulate, abundance.

Where walleyes grow at a rate near their physiological maxi-
mum for the species, we believe that food is abundant and do not
expect to find either significant intraspecific competition or inten-
sive predation by adults on young. A growth rate near i ts  physio-
logical l imit  can be expected where a relatively small  number of
a species is  introduced for the first  t ime into suitable waters or
when the numbers in an established population become low. Stroud
(1949) has described the rapid growth of walleyes following such
an introduction. The  growth  ra tes  o f  wal leyes  in  wes te rn  Lake
Er ie  in  r ecen t  yea r s  have  su rpassed  those  repor ted  by  S t roud .
In fact ,  no more rapid rates than these have ever been recorded.

From the above observation, the walleye appears to be a rath-
er generalized predator upon organisms occupying all habitats with-
in their common environment.

Populations, stocks, spawning migrations, and spawning behavior

Where walleye distribution and movements have been studied
carefully by mark-recapture methods it has usually been found that
larger waters contain more than one population or stock. In  ve ry
large waters,  these populations may remain spatially isolated ex-
cept for the occasional wandering member. Thus,  i t  can be dem-
onstrated that Lake Huron and Georgian Bay contain (or once con-
tained) largely discrete populations centered as follows: Southern
Lake Huron; Saginaw Bay; Thirty Thousand Island Region (com-
prising a number of stocks); and, the North Channel (Leach, 1963;
Payne ,  1966 ;  R .  M.  Chr i s t i e ,  pe r sona l  communica t ion) .  Lakes
Erie, Michigan, Ontario, and Superior (Ryder, 1968) each also have
(or had) a number of relatively discrete populations.

Large populations of walleyes, even if  localized in a single
bay or smaller lake, have been found to be heterogeneous with re-
spect to their seasonal distribution and movement patterns. Several
stocks,  which spawn during the spring in widely separated areas
in western Lake Erie,  Lake St.  Clair ,  and interconnecting waters
and tr ibutaries intermix at  other seasons. Studies in Green Bay
of Lake Michigan and elsewhere confirm further that although in-
d iv idua l  members  of  d i f fe ren t  s tocks  may mingle  more  or  l ess
freely in summer and early autumn in a given locale, they segre-
gate at  spawning t ime and home to a particular spawning ground
(Anon., 1966;  Crowe,  1962;  Crowe,  Karvelis ,  and Joeris ,  1963;
Forney ,  1963 ;  Payne ,  MS,  1964 ;  and  o the r s ) .  Al l  s tud ies  have
shown that relatively few walleyes tagged in one spawning area in
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one year are recaptured in another area in a following year ex-
cept where spawning grounds are within a few miles of each other.
Whether these errant walleyes actually spawn on another reef or
w e r e  s i m p l y  c a u g h t  d u r i n g  a n  e r r a t i c  m i g r a t i o n  t o  t h e i r  o w n
spawning grounds is not known. A stronger drive toward school-
ing and spawning than to the continuation of migration may lead
to “school-trapping” of some individual walleyes.

The spawning behavior of walleyes has been described a num-
ber of times (Eschmeyer, 1950; Schumann, 1964; Baker and Manz,
1967; and others). Often one female is escorted by a number of
males during the emission of sex products.  The act of emission
may occur some distance off the bottom, and the eggs settle grad-
ua l ly  to  the  rubb le ,  rock ,  o r  vege ta t ion  be low.  The  fac t  tha t  a
number of males escort  one female may be a behavioral adapta-
tion to compensate for a relatively low likelihood of ferti l ization
due  to  a  shor t - l ived  v iab i l i ty  o f  e i ther  the  egg  or  the  sperm.
Stranahan (1900) stated that  walleye milt  dies in 2 minutes and
eggs cannot be impregnated after  6 minutes exposure to water.
If  this is so,  simultaneous spawning by a larger number of wall-
eyes over a small  area should increase the probabili ty of ferti l i-
zation.

Hybridization and introgression among Stizostedion species

The recent reduction in abundance of walleyes in Lake Erie
followed the disintegration of the population of blue pike. Both
of these events attracted a great deal of attention. Less well noted
was  the  more  g radua l  demise  o f  the  re la ted  sauger ,  once  very
abundant in waters along the south shore and now almost totally
absent from the lake. Were these occurrences independent of each
other? We doubt that they were. If not,  then how were they re-
la ted?  We sugges t  tha t  a l l  th ree  spec ies  suf fe red  f rom changes
in various aspects of their  environment,  where “environment” in-
cludes changes in fish populations and the activit ies of predatory
man. Furthermore, an additional factor of a different kind viz. ,
introgression, conceivably was responsible for the final disappear-
ance of the blue pike and possibly the sauger.

Man’s direct or indirect effects on other species and their en-
vironments have not infrequently led to the destruction of repro-
ductive isolating mechanisms between spawning runs, varieties, or
even sibling species, with consequent hybridization (Stebbins, 1966).
Most hybrids, if they do not die at a young age, are wholly or
par t ly  s t e r i l e . Furthermore, the genotypes found in subsequent
generations of the relatively fertile hybrids are usually highly hetero-
zygous and consequently will not breed true. Where hybrids are
less numerous than the parent species,  most will  breed with one



or  o the r  pa ren t  fo rms- thus  l ead ing  to  in t rogress ion . I f  these
crosses continue to be wholly or partly sterile,  the total  number
of progeny of a population (pure parents plus hybrids) will, on the
average, be lower than before hybridization and subsequent intro-
gression occurred.

A breakdown of reproductive isolating mechanisms between
two or more species is usually to the disadvantage of those species
in terms of their combined abundance in the ecosystem. Specta-
cular instances of man-induced changes in populations of some
forms of coregonids and salmonids have been described by Svgrd-
son (1961, 1965). We believe that introgression among the Stizo-
stedion species is a distinct possibility (Regier, 1968) and could ex-
plain the disappearance of the blue pike and sauger in Lake Erie.
The lat ter  possibil i ty is  explored further in a subsequent section
dealing specifically with the walleye in western Lake Erie.

Natural  mortali ty

Walleyes over 10 years old are not uncommon in unexploited
populations in Canada’s northern waters (R. A. Ryder, unpublished
data). Since relatively few yearlings are generally present in these
waters we can infer that yearling and older walleyes have a rela-
l ive ly  low natura l  mor ta l i ty . In view of their high fecundity it
follows that the first year mortality (egg to yearling) is very high.
In some waters (e.g., eastern Lake Erie) almost all  of this init ial
mor ta l i ty  appears  to  occur  a t  the  egg  and  f ry  s tage ;  in  o thers
(e.g. ,  Oneida Lake) an appreciable amount may occur during the
first winter depending upon the relative density of adult walleyes.

Natural mortality has been estimated for relatively few wall-
eye populations. The following estimates have been obtained for
adult walleye populations that are subject to fairly intensive sport
fisheries: 5  pe rcen t  (Ol son ,  1958) ;  0  to  9  pe rcen t  fo r  va r ious
years  (Church i l l ,  1961) ;  6  pe rcen t  mean  fo r  a  se r i e s  o f  yea r s
(Forney, 1967). Each  of  the  es t imates  have  been  cor rec ted  fo r
concomitant fishing mortality by the standard method of Ricker
(1958, p. 25).

Payne (1966) estimated annual natural mortality at 33 percent
which  was  s imi la r  to  an  average  o f  those  es t imates  de r ived  by
Ryder (1968). Both men worked with more northerly populations
that were exploited less intensively than those mentioned in the
preceding paragraph.

Walleyes apparently are not particularly susceptible to severe
epizootics; we know of no account of mass deaths in populations
of walleyes due to disease or parasite infections. Some parasi tes
are regularly found in their intestinal tract, and viral lymphocystis
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protuberances are seen in some populations in spring; these do
not appear, however, to be debilitating (Hile, 1954; Ryder, 1961;
Wolfert, Applegate, and Allison, 1967).

The walleye seems, from what we know about it generally, to
be well qualified as a dominant predator to help stabilize various
populations of larger organisms in an aquatic ecosystem. It tends
not to become seriously crowded, at least under moderate exploi-
tation, although Van Oosten and Deason (1957) have described a
case of a stunted walleye population that was exploited only very
lightly. It is long-lived. I t  is  a  general  predator.  I t  grows rap-
idly and reproduces at a fairly young age when food is abundant.
It feeds actively in winter. It is not markedly sensitive to environ-
mental fluctuations. It  tolerates a wide range of environmental
conditions.
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HISTORY OF FISH AND FISHING IN LAKE ERIE

We consider it axiomatic that fishing, no matter how extensive,
has an effect on the fish and their ecosystem-the greater the in-
tens i ty  of  f i sh ing  the  grea te r  the  e f fec t  on  the  ecosys tem.  To
argue against this is to deny causality in nature. Therefore,  we
must examine the history of fishing if  we hope to gain a broad
insight into the ecosystem and the catch fluctuations of past years.

Fishing before 1900

The Indians l iving near the shores of Lake Erie uti l ized fish
as one of their staple foods and used a variety of primitive methods
to capture them (Rostlund, 1952). The Indians were relatively few
and trade was l imited, thus their impact on the ecosystem must
have been small .

The first European settlers used fish to supplement other sources
of food. They took fish when they were plentiful inshore, usually
during spawning seasons,  by crude and simple methods: spears,
brush weirs,  baskets,  s imple seines,  or  hook and l ine.

A hook  and  l ine  commerc ia l  f i shery  began  in  eas te rn  Lake
Erie with the sett lement of Presque Isle,  Pennsylvania,  in 1795.
The first  regular,  commercial  f ishery in western Lake Erie began
about 18 15 with seining in Maumee Bay and the Maumee River.
Whitefish,  the most desired fish in those t imes, entered the Bay
but only in small numbers,  and sauger,  walleye, and smallmouth
bass (Micropterus dolomieui) were the principal species caught in
1815 and throughout much of the 19th century (Klippart, 1877; Smith
and Snell, 1891). Fishermen at  Ecorse on the Detroit  River be-
gan seining for whitefish about 1830 and seines were used almost
exclusively in the Detroit River from then until the whitefish dis-
appeared from these grounds about 1920. Lake herring could also
be taken in large numbers in the Detroit  River unti l  about 1920.
If any commercial fishing existed in the Canadian waters of west-
ern Lake Erie before 1850, i t  must have been restricted to a few
seiners on the Detroit  River or inshore areas of the lake.

Seining spread gradually from the bays to the shores of the
lake proper in Michigan and Ohio and reached its peak in number
of units and catch between 1850 and 1860. Seines were then grad-
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ually,  but only partially,  superseded by pound nets and gill  nets.
In Ontario, seines were used in the Detroit River after about 1850
and in  Long Poin t  Bay  ( s ta r t ing  da te  unknown) .  They  were  no t
fished in the lake proper until 1901 and were never a major gear
there.

Pound nets were first set about 1850 in Maumee and Sandusky
Bays and in Presque Isle Bay in 1852. These so-called bay nets
were set  inshore in shallow water and at  f irst  did not have tun-
nels into the hearts to reduce escapement (True, 1887). They were
constructed from remnants of seines and were tended by small row-
boat. Tunne l s  were  in t roduced  dur ing  the  nex t  2  decades  and
larger nets were built to set in deeper water, requiring construction
of pile-driving and stake-pulling equipment, as well as bigger boats.

As pound nets increased, strings of them extending into the
lake intercepted fish that would normally have gone to the beach
seiners with the result  that  seining became less profitable than
pound netting. The currents and the nature of the bottom deposits
off the Maumee River, except near its mouth, and those of the De-
troit  River made these locali t ies unsuitable for pound nets;  con-
tinuing large concentrations of spawning fish were exploited by
se ine r s  in  these  wa te r s . Pound nets were introduced in Ontario
waters, a long  shore  and  o f f  Pe lee  I s l and ,  in  1869 . Fifty were
licensed by 1885, but only 62 were in use by 1900.

There  was  apparen t ly  some i l l -wi l l  on  the  pa r t  o f  se ine rs
towards the pound netters who had pre-empted the fishery. There
were, however, compensating factors, according to Milner (1874a),
who pointed out that the decrease in the number of lake sturgeon
(Acipenser fulvescens) in Ohio waters had several times been ad-
vanced as an argument in favor of the pound net. The destruction
of the sturgeon, asserted to be an extensive spawn-eater and dam-
aging to seines, more than compensated for the numbers of white-
fish taken.

S turgeon ,  very  abundant  in  ea r ly  years ,  were  no t  marke ted
until about 1860. They were then smoked in increasing numbers
and sold originally as “smoked halibut.” By-products of the stur-
geon, caviar and isinglass,  were also exported to Europe. Stur-
geon were no longer abundant in western Lake Erie by 1885, but
were st i l l  taken in large numbers farther east  (Smith and Snell ,
1891).

Gill nets first were used commercially in 1852 in eastern Lake
Erie off  Dunkirk,  New York (Meehan,  1897). E a r l y  n e t s  w e r e
heavy and of coarse, cotton twine knit by the wives and daughters
of fishermen. L i n e n  w a s  i n t r o d u c e d  a b o u t  1 8 5 8 . B y  1 8 7 0 ,  t h e
nets were generally of finer and stronger cotton or linen and were
usually purchased “ready-made.” Lake trout and whitefish were
caught first  in 6-in.  mesh (all  gil l  net dimensions given in this
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report are “stretched measure”). Later,  the whitefish were taken
with 4-1/4 to 4-1/2 in. mesh and lake herring with 3-1/8 to 3-1/4
in. mesh. Since herring and whitefish shoaled together, many young
whitefish were killed by herring nets,  much to the consternation
of western pound netters,  who detected a decrease in availabil i ty
of whitefish by 1880 (True, 1887).

The use of gill nets spread gradually westward, reaching Cleve-
land  and  wes te rn  Lake  Er ie  abou t  1877 .  They  were  used  fo r  a
number of years exclusively for taking lake whitefish in autumn
near the Bass Islands, Kelleys Island, and on Niagara Reef. Small-
er  mesh gil l  nets were f irst  used in 1884 in the same area but
near the south shore for catching saugers;  these fish were taken
in sufficient numbers to glut the market (Smith and Snell, 1891).
Herring and whitefish were not abundant,  except occasionally,  a-
long the south shore from Cleveland westward. We surmise that
the inshore water here was too warm or turbid for these species.
Gill nets were first used in the Island Region (Bass Islands, Kel-
leys Island, Pelee Island) for taking herring about 1888 (Langlois
and Langlois,  1948).  In the Ontario waters,  gil l  nets were tr ied
in small numbers (less than 5,000 yds.) occasionally between 1869
and 1899, but were not used regularly there until after 1900.

Trap nets were introduced about 1890 in western Lake Erie
(Langlois and Langlois, 1948). They were more flexible and man-
ageable than pound nets and permitted more efficient fisheries in
deeper water or where sand and mud was not sufficiently deep to
hold pound net stakes. Eventually some with steel chain-link bot-
toms were even tried in rocky places (M. Hosko, personal communi-
cation).

The improvement in transportation systems (road, rail ,  lake,
and canal) and the increase in human population raised the demand
for  f i sh . Freez ing  f i sh ,  done  on  a  smal l  sca le  under  pa ten t  a t
Sandusky since about 1855, increased markedly in 1869 (Keyes,
1894). Steamboats were introduced about 1880 at Sandusky to pull
pound net boats to their  gear and collect  f ish from gill  netters.
Gill netters rapidly turned to larger steam-powered vessels. Con-
currently, lake herring became more available in the Central Basin.
We suggest  that  the  higher  catch of  herr ing could have  been due
in part to less predation by sturgeon on their eggs, in part to less
predation on older herring following the collapse of the lake trout
population in the Eastern Basin, and, in part to increasing markets
fo r  t h i s  spec ie s  s ince  1870 . There  were  a l so  ind ica t ions  tha t
saugers became more available along the south shore from Toledo
to Cleveland as did the blue pike from Sandusky eastwards.  We
think the greater availabili ty of these species was because of in-
creased abundance due to increased turbidity and fertility that, in
tu rn ,  was  caused  by  e ros ion  f rom land  c lea r ing  and  cu l t iva t ion
and fertilization from manures and domestic wastes. That waters
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along the south shore were more fertile than those along the north
shore of the Central  Basin can be inferred from an observation
by Wakeham and Rathbun (1897) who stated that nets could not be
left in the waters off the south shore in June and July due to de-
structive “vegetable slime” forming on them, but that this was not
then a problem along the north shore.

All of these factors contributed to the entry of the so-called
coarse fish, e.g., herring, saugers, and blue pike in large numbers
into the United States f ishery in the 1880’s. Previously these
species had not been fished intensively due to low prices (Keyes,
1894). Onta r io ’s  l ake  her r ing  f i shery  a l so  expanded  rap id ly  a t
this time and blue pike were taken in moderate numbers, but sau-
gers apparently were caught only infrequently.  Most of the On-
tario catch came from pound nets;  few gill  nets were reported in
use.

In addition to the pound nets, fyke nets, seines, and gill nets,
an extensive trot-line fishery began about 1850 in the Ohio waters
from Toledo to Cleveland but particularly in the Western Basin.
The species taken in this fishery were bullheads and catfish (Icta-
lurus spp.).

Large numbers of fyke nets were set in the shallowest areas
of Maumee Bay, Sandusky Bay, and various inshore areas for small-
mouth bass, walleyes, catfish, etc. These nets were very numerous
in the 1880’s . Fyke netting and seining could be done under the
ice and these operations, together with spearing and hook-and-line
f i sh ing ,  p rov ided  f i sh  in  mid-win te r  when  more  e f f ic ien t  gears
could not be used.

The trend in fishing in Ohio and Michigan during the 1880’s
was toward bigger pound nets set  in increasingly long lines into
the deeper waters of western Lake Erie. More and larger steam-
ships were used. Gill  netters out of Sandusky were most numer-
ous  in  the  Cent ra l  Bas in  f i sh ing  fo r  saugers ,  l ake  her r ing ,  and
lake whitefish. Whitefish spawning grounds in the Island Region
were fished heavily by gill netters in the autumn (Smith and Snell,
1891). Large numbers of undersized fish caught in small  mesh
nets set in the 1890’s were sold to a fertilizer factory in Sandusky,
Ohio. Table 1 shows amounts of gear used in western Lake Erie
during 1879 and 1885. The pre-eminent position of Ohio is apparent.
Its main fishing port ,  Sandusky, was at  this t ime referred to as
the “freshwater fish capital  of the world.”

The catches of the most valuable species,  whitefish and her-
ring, in United States waters of Lake Erie reached their maximum
during the 1880’s. During this period Canadian landings were less
than 10 percent of the United States landings.  Canadian catches
of these species did not “peak" until 2 or 3 decades later (Baldwin
and Saalfeld, 1962). The Ontario fishermen of western Lake Erie
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Table 1. Major gears fished in western Lake Erie in 1879 and 1885.

Year Poli t ical Gill nets Pound nets Fyke nets Seines Hooks
division (1,000 yds.) (number) (number) (number) (1,000’s)

1879 Michigan 1 0 182 30 5 ?

Ohio1  *3 15 604 785 13 8

Ontario2 5 23 0 0 0

1885 Michigan4 0 204 43 4 30

Ohio4 2 6 5107 437 1,008 55 48

Ontario5 0 50 0 0 0

1 Data from True (1887).

2 Data from Ann. Rept., Canada Dept. Marine and Fisheries.
3Includes data from Sandusky Bay fisheries for which data are not listed
separately; these fisheries may account for about 40 percent of the gear.

4Data from Smith and Snell (1891).
5Data from Ann. Rept., Canada Dept. Marine and Fisheries.

6 Includes Sandusky Bay in which “nearly a thousand fyke nets and small
pound-nets are fished” (Smith and Snell, 1891: p. 265).

7 Based on average net length of about 80 yds. (Smith and Snell, 1891: p. 255).

disposed of almost all  of their  catch in the United States during
the 1890’s. Because  o f  the  g rea te r  d i s tance  f rom marke t s  on ly
the currently most valued species were sought, i.e., whitefish and
herring. Market demand was often very limited, regulations were
strictly enforced, and the Ontario fishery did not expand nearly as
rapidly as that of Ohio.

The annual reports of the Ohio Fish and Game Commission
for this period are eloquent in their  concern for the welfare of
the fishing industry. For example,  the report  for  1894 states as
follows:

“The Lake Erie fisheries in a commercial  sense are of more
importance than any other with which your Commission has to deal.
From the  year  1882 ,  the  supply  of  f i sh  in  Lake  Er ie  inc reased
steadily, until about the year 1890.”

“Since that time there has been a steady decrease in the catch
of the most valuable fish of the lake. From time to time . . . the
Commission has contended for laws .  .  .  but as regularly as the
General Assembly convened, the fishermen and dealers from one
end of the lake to the other,  tried to defeat any and all  bills of-
fered or recommended by the Commission.”
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This sequence of concern,  recommended action, and obstruc-
tionism continued throughout the ensuing decade, until 1906 when
the Commission reported:

“It  has been the constant aim of the present Commission to
have laws enacted to preserve the great food supply of the lake
and at  the last  session of the legislature,  i t  succeeded in having
passed several  laws that  are in the opinion of the best  f ishermen
on the lakes, good laws, and they are beginning to realize that the
efforts of the Commission are for the common good and are work-
ing with instead of against the Commission for the proper enforce-
ment of the law.”

Artificial propagation and regulation of the fishery

The decreased availability of whitefish about 1870 in the Ameri-
can  wate rs  o f  wes te rn  Lake  Er ie  and  the  Det ro i t  and  S t .  C la i r
Rivers st imulated local interest  in art if icial  propagation that had
been  p ioneered  in  Europe  some  decades  ea r l i e r .  A  number  o f
p r iva te  f i sh  ha tche r i e s  sp rang  up  in  the  a rea .  Dr .  T .  Gar lach
had built one about 1850 at Cleveland but he had concerned him-
self largely with the hatching of “prize brook trout”. J.  W. Hoyt
set up a hatchery for whitefish at Castalia Springs, Ohio, in 1868
and F. N. Clark built one in 1870 at Northville, Michigan, for raising
the  same  spec ies . The  Gar lach  and  Hoyt  es tab l i shments  were
short-livedbut Clark’s hatchery was purchased by the U. S. Govern-
ment in 1880 and was used until  recent t imes for hatching and
rearing a variety of species.

Ohio built four small, experimental hatcheries at Toledo, Cas-
talia, Cleveland, and on Kelleys Island in 1875, ostensibly to test
waters for a larger permanent installation,  but really because of
a poli t ical  impasse over where to locate a single establishment.
Subsequently, the main Ohio hatchery was built at Toledo and then
another  was  cons t ruc ted  some years  l a te r  a t  Sandusky .  Canada
opened a hatchery at  Sandwich on the Detroit  River in 1876 and
Michigan constructed one very shortly thereafter at Detroit. Penn-
sylvania’s Erie Hatchery began operating in 1885 with its facilities
supplemented occasionally by those at  Corry. The U. S. Govern-
ment’s Put-in-Bay Hatchery at Ohio opened in 1890. Ohio closed
its Sandusky Hatchery and opened another one at Lakeside in 1903.
Canada built another hatchery at Sarnia in 1908. The State of Ohio
entered into competition with the U. S. Government for a number
o f  y e a r s  w i t h  t h e  o p e n i n g  o f  a  h a t c h e r y  a t  P u t - i n - B a y . Ontario
built two more hatcheries; one at Kingsville, Ontario, in 1917 fol-
lowing the closing of the Sandwich Hatchery, and another shortly
thereafter at  Normandale to serve the interests of Eastern Lake
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Erie fishermen. New York opened a hatchery at Dunkirk in 1918,
after raising Lake Erie species for some years at  i ts  older Cal-
edonia Hatchery. The introduction and expansion of hatcheries to
meet declines in important species resulted in increased resist-
ance to other conservation measures,  notably restriction on fish-
ing.

The whitefish was the first  species propagated in these hat-
cheries in significant numbers for planting in Lake Erie and its
connecting waters. Following the chance discovery in 1876 of the
use of clay to prevent walleye eggs from agglutinating6  (Nevin,
1900), this species was raised also on an intermittent basis (e.g.,
at Sandwich in 1877; Detroit, 1878; Erie, 1889; etc.). Later, lake
herring and occasionally carp (Cyprinus carpio) and yellow perch
were produced. Blue pike culture was tried successfully a num-
ber of times but eggs were difficult to obtain.

The carp was introduced into Lake Erie in 1883 (small num-
bers may have been planted in 1882), having been introduced into
the United States,  to wide acclaim, after a careful and detailed
s tudy  by  a  number  o f  b io log is t s  ( see  t ex t  o f  Rept .  U .  S .  F i sh .
Comm., Par t  IV,  1875-76) . The introduction of carp into Cana-
dian waters received moderate opposit ion (see Prince,  1925) but
Canada did,  on occasion, propagate them in hatcheries (e.g. ,  at
the Kingsvil le Hatchery as late as 1924).  The U. S.  Government
Put-in-Bay Hatchery also hatched carp.

The fishermen generally believed that whitefish increased in
abundance  severa l  yea rs  a f t e r  the  f i r s t  l a rge  p lan t ings  (Cla rk ,
1885). In the ensuing decades there were reports of a continued
population increase and whitefish were again taken in the Western
B a s i n  w h e r e  t h e y  h a d  b e e n  s c a r c e  f o r  s o m e  t i m e .  A s  a  r u l e ,
fishermen and fish culturists ascribed this “increase” to the hatch-
ery  program. On the other hand, certain restrict ive legislation
had been partially enforced during this t ime, presumably permit-
t ing more spawners to reach the Detroit  River.

During the early years of hatchery programs, the fish cultur-
ists  actively supported a closed season during spawning, except
for spawn-taking operations, and were successful in goading some
agencies to institute such closed seasons. In Lake Erie,  Canadian
fishermen were barred from fishing whitefish and walleyes for a
month during their spawning seasons in 1885 and for a number of
years thereafter. The United States did not take the role of regu-
lations as seriously as did Canada in spite of repeated resolutions
by fishery experts and the efforts of fish commissions. Some re-
strictions were instituted, however, regulating the mesh sizes that
could be used. Closed seasons were specified by the turn of the

6The use of clay, swamp muck, or starch was discontinued about 1908
after development of stirring techniques that prevented agglutination.
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century but could not be enforced in Ohio waters due to poorly
drafted laws (Porterfield, 1902).

At about the turn of the century, “mortality factors" such as
fungus (“conferva”), pollutants, and silting-over of spawning areas
were believed by some to have affected the stocks (e.g., Knight,
1907). The concensus of almost all investigators, until about 1940,
was  tha t  the  major  reason  fo r  the  reduced  ca tches  o f  p re fe r red
species in Lake Erie was a too-intensive fishery (Milner,  1874a;
Wakeham and Rathbun, 1897; Porterfield, 1902; Evans, 1912; Koelz,
1926; Louden, 1930). The markedly decreased catch with marked-
ly  increased  f i sh ing  in tens i ty  was  so  common in  o ther  par t s  o f
the Great Lakes and other inland waters, many virtually devoid of
pollutants,  that  there was no doubt as to their  connection. I t  is
only in very recent years that one occasionally finds a statement
such as the one by Dymond (1964, p.  87):  “.  .  .  overfishing is
seldom the cause of the serious decline of a species,  especially
in  such  l a rge  bod ies  o f  wa te r s  as  the  Grea t  Lakes .” That all
a reas  in  Lake  Er ie  were  read i ly  access ib le  to  the  f i shermen  in
all  months except January, February, and March, even before the
turn  of  the  cen tury ,  was  emphas ized  by  Wakeham and  Rathbun
(1897). These authors, in a broad penetrating analysis,  showed
that catch per pound net fished per year had decreased fairly reg-
ularly in Canadian waters from 10,000 lbs.  of whitefish during
1872-76 to 1,200 lbs. in 1892-94. The fact that few Canadian fish-
e rmen f i shed  of f shore  in  the  Cent ra l  Bas in  does  no t  mean  tha t
these waters were largely “unfished” as is evident from comments
in various sources (e.g., Wakeham and Rathbun, 1897).

That an unlimited faith in hatchery programs may have been
misplaced was implied by Keyes (1894) and Post  (1894).  Keyes
suggested that unregulated gil l  nett ing might interfere seriously
with successful natural  reproduction by barring the paths of,  and
the breaking up of, schools of migrants. Post (1894) reviewed the
success of artificial propagation and concluded “that frankness com-
pels the admission that thus far the increased catch of adult white-
fish is not at all commensurate with what it seems ought to have
been expected as the outcome of those great plants.”

Continued confidence in the hatchery program on the part  of
most f ishermen (perhaps as a cover for distrust  of regulations as
a management approach) appears to have made the fish culturists
more self-assured and less concerned about the need for protec-
tion of whitefish and other species during their spawning seasons.

The U. S.  agencies swayed back toward reduced regulation
and increased propagation after 1908; Canadians also reduced their
regulations but maintained a moderate propagation program. Tin-
sley (1914) of Ontario referred in .a particularly scathing manner
topersons of a view different from his own more ecological approach:
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“Faddists  with absurd theories presume to ignore Nature’s per-
fect plan of reproduction, and advocate therefore emanations from
their foolish delusions.” But Tinsley was subjected shortly to a
higher governmental authority who felt  otherwise,  and Canada’s
closed season was abolished, the amount of gear licensed increased
markedly, and greater reliance was placed on propagation in Lake
Erie with the construction of the Normandale and Kingsville hatch-
e r i e s . Several years later more regulations were again introduced
but the close restriction on the amount of gear used by Canadians
was never again maintained.

To this day, no crit ically convincing case has been made in
support  of the f ish culturists’  stand of 1908 (see e.g.,  Reighard,
1910) that  shows that  hatchery programs have been successful  in
maintaining or increasing yields of Great Lakes whitefish and other
spec ies  over  an  ex tended  per iod  o f  t ime . Hile (1937), Dymond
(1957), Christie (1963) and others have found no clear indication
tha t  whi te f i sh  or  wal leye  ha tchery  programs  were  economica l ly
justifiable. Various bits  of circumstantial  evidence in the early
literature (McDonald, 1909) suggest strongly that the hatchery pro-
grams  d id  on  occas ion  con t r ibu te  to  the  ca tch .  Tha t  ha tcher ies
have under special circumstances been successful with salmon,
trout, walleye, and some other species is now perfectly clear from
both older and recent work.

Koelz (1926) made a most interesting point that the net effect
of hatchery programs may have been deleterious to the fishery in
permitting the fishermen to hold the opinion that so long as the
hatchery program existed, overfishing for mature fish during the
spawning period was impossible. This reduced emphasis on limit-
ing the impact of fishing on the system may well have contributed
to the declines of catches and the marked fluctuations since the
turn of the century. We also believe that hatchery plantings could
have introduced a further complication. For example, we have no
idea how successful either the spawning migrations or actual spawn-
ing activities are of adults maturing from fry “dumped” into a par-
ticular part of the lake when the parents of those fry included fish
t h a t  h a d  m i g r a t e d  t o  s h o a l s  fa r  d i s tan t  f rom the  po in t  o f  re lease
of the fry. The first walleye eggs hatched at Sandwich, Ontario,
in 1877 and those hatched in 1878 at  Sandwich and the Detroit
ha tcher ies  were  taken  f rom Saginaw Bay wal leyes .  For  a  num-
ber of years after that, both hatcheries obtained their walleye eggs
from the spawning run down the St. Clair River from Lake Huron
to Lake St. Clair and the Thames River. This area was the source
of  eggs ,  fo r  some decades ,  when  wal leyes  were  be ing  ra i sed  a t
Sandwich  and  l a te r  the  Sarn ia  ha tcher ies .  By  abou t  1885 ,  the
United States hatcheries, at least at Toledo and Put-in-Bay, Ohio,
and  Er ie ,  Pennsy lvan ia ,  ob ta ined  the i r  wal leye  eggs  f rom the
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spawning run up the Maumee River. Unless all the fry died upon
stocking, which we cannot accept,  we can only infer that by the
turn of the century the walleye population of Lake Erie was already
an amalgam of originally discrete stocks from many locales.

During the past 4 decades, one hatchery after another around
L a k e  E r i e  q u i e t l y  h a s  c e a s e d  o p e r a t i o n s .  A t  s o m e  t h e  w a t e r
“went bad,” at others the facilities became too old to be efficient,
and sometimes the species could no longer be captured nearby or
in distant waters in sufficient numbers at spawning time. In 1969,
Ohio alone maintains a walleye hatching program (at Put-in-Bay).

Fishing in the period 1900-1940

By 1900, the United States fisheries of Lake Erie had passed
their maximum catches of whitefish, herring, lake trout,  and, of
course, sturgeon. The improved steam tugs,  the introduction of
the gill net lifter just before the turn of the century, the increase
in length and depth of gear (Ohio fished over 1,000 miles of gill
nets  in 1902 according to Porterfield,  1902),  increased demand,
the increased knowledge of fish habits .  .  .  ,  led rapidly to the
efficient exploitation of the sauger, blue pike, walleye, and yellow
perch.

United States fisheries,  faced with declining catches of the
most preferred species, improved their technology and capitalized
on  these “second-rank” species from 1900 to 1940.  Regulations
were introduced and enforced, at  least occasionally.

The Canadian fisheries, on the other hand, built up much more
gradually until 1914, when a rapid expansion began (Koelz, 1926).
These fisheries never took many lake trout,  sturgeon, or sauger,
and the catch of lake herring amounted to about 20 percent of the
total in 1900 (the last year before herring production became mark-
edly and irregularly cyclic). The Canadian catch built up to about
equal status with the United States catch in 1920-24 and then ex-
ceeded it. Very similar trends in catches apply for lake whitefish,
yellow perch, walleye, and blue pike.

Canadanever reportedappreciable catches of sauger, and United
States landings, particularly in early years, may have been inflated
by small blue pike and walleyes (Wakeham and Rathbun, 1897). A
number of reports allude to the confusion about the varieties of
Stizostedion until  well  into the present century. In some situa-
tions,  the confusion was to the short-run advantage of fishermen,
e.g., when they could sell  “sublegal” walleyes as legal saugers.
Reportedly this practice was occasionally followed as recently as
the 1950’s.

Several technological innovations stand out during the period



1900 to 1940. One modification was the setting (“canning-up”) of
g i l l  ne t s  a t  va r ious  dep ths  near  the  su r face  fo r  he r r ing ,  r a the r
than  se t t ing  them on  the  bo t tom.  At  cer ta in  t imes  of  the  year
lake herring ranged through considerable depths and it then became
economically worthwhile to increase the depth dimensions of gill
nets 4 to 5 times thus giving rise to the so-called bull net. The
latter  was introduced about 1905 in the Eastern Basin and soon
spread into the Central Basin. It was also efficient for taking young
whitefish and lake trout. Bull  nets reportedly caused the death of
large numbers of the latter species and were finally outlawed in
1929 in Ohio, and in 1934 in New York and Pennsylvania.

Trap nets, which had been introduced about 1885 on the south
shore and about 1890 in the Island Region, permitted more efficient
f i sher ies  because  the  gear  was  more  f l ex ib le  and  manageab le .
Trap nets and fyke nets were long forbidden in Canadian waters
partly because they could readily be hidden from enforcement of-
ficers and partly because they were held to be too destructive of
small,  immature fish.

Trap nets were fished inshore in small  numbers in Ohio for
several decades after their introduction. Their  number then gra-
dually increased in Ohio and later in Michigan waters; a more or
less steady decline in the use of pound nets took place after 1920
and the evolution to trap nets was virtually completed by 1935.
Since then, methods of fishing in United States waters have changed
little.

By 1920, Lake Erie boasted 3,931 pound and trap nets in United
States waters and 637 pound nets in Canadian waters. Canada and
United States had each licensed about 1.4 million yds. of gill nets
(United States total nets had decreased from about 5 million yds.
in 1902). The  pound  and  t rap  ne t s  were  f i shed  la rge ly  in  the
Western and Central Basins and gill nets in the Central and East-
ern Basins.

In Ontario waters of the Western Basin,  trap nets began to
be fished in increasing numbers about 1950, and gradually sup-
planted most pound nets. Several  pound nets were st i l l  in opera-
tion off Pelee Island in 1969.

Fluctuations in catch, 1900-1940

The Lake Erie catches since 1900 have been characterized by
marked fluctuations in species composition. Following is a general
summary of observations and some reasons for the fluctuations;
all  of the latter remain to some extent hypothetical.

Lake trout and sturgeon catches reached peaks before 1890,
and underwent a regular rapid decline thereafter . That the fate
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of the sturgeon was due to a too-intensive fishery is unquestioned
(Harkness and Dymond, 1961). Spawning grounds for lake trout
were in rocky areas of the Eastern Basin that were thought to be
li t t le affected by environmental changes in the 1920’s when the
population was diminishing in abundance and before i ts  commer-
cial  extinction in 1938 (Louden,  1930).  There seems l i t t le  doubt
now that the fishery had reduced the lake trout to very low levels;
whether the sea lamprey (Petromyzon marinus), first recorded in
Lake Erie in 1921, administered the coup de grace is  unknown.
If the sea lamprey destroyed the remaining lake trout they should
presumably have destroyed also the burbot (Lota lota) as occurred
years  l a te r  in  Lake  Huron ,  bu t  th i s  d id  no t  happen .  Some lake
trout continued to be taken in the 1940’s and 1950’s, but the catches
were mainly in the Western Basin where few were caught in earlier
years . W. B. Scott (personal communication) suggests that these
fish likely migrated to Lake Erie from Lake Huron. We consider
it  most probable that  the remnants of the lake trout stock suc-
cumbed to the destruction of a suitable environment that resulted
from the accelerated aging of the lake after World War II  (Carr
et al., 1965).

The runs of Lake Erie whitefish far up the St.  Clair  River
failed long before the turn of the century (Geare, 1884) and pre-
sumably before pollution could be blamed for their decline. Few
whitefish entered Lake St.  Clair ,  the Detroit  River,  or Michigan
waters of Lake Erie after 1920 (Baldwin and Saalfeld, 1962; Koelz,
1926).

We suspect that  the gantlet  of gear strung across the migra-
tory routes of the whitefish for 150 miles must have played a ma-
jor role in reducing the size of the runs.  That any escaped the
nets may appear a miracle. We note, however, that the pound and
t rap  ne t  l eaders  were  usua l ly  o f  l a rge  mesh  (6  to  8  in . )  to  re -
duce both water current drag and costs (Wakeham and Rathbun,
1897). Fish that did not “lead” could swim through the mesh, and
natural  selection over the decades might have reduced gradually
the propensity of the fish to lead and thus be caught.

As mentioned previously, abundance (at least the availability)
of herring, saugers, and blue pike increased markedly in the 1870’s.
We suggested earl ier  that  increased fert i l i ty in the lake 1800’s
eventually benefited saugers,  blue pike and particularly herring.
Decreased predation by lake trout presumably also benefited the
herring populations. Increased planktonic and clay turbidity along
the Ohio shore from Cleveland westwards probably aided the light-
sensit ive sauger and perhaps improved also i ts  requirements for
successful reproduction (Leach, 1928; Doan, 1942).

The sauger catch at tained i ts  peak about 1916 and then gra-
dually fell  to very low levels by 1955 (Figure 3).  However,  the
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Figure 3. Commercial production of blue pike and sauger in Lake Erie,
1915-66.

confusion of varieties of Stizostedion, and the tendency to "lump”
blue pike and small walleyes (the latter often caught in large num-
bers according to Wakeham and Rathbun, 1897) with sauger, should
be borne in mind in examining early statist ics.

The spawning runs of saugers were reported originally on rocky
and  sandy  a reas  in  s t reams  and  inshore  wate rs  a long  the  sou th
shore, particularly near Maumee Bay (Wakeham and Rathbun, 1897).
The (hypothetical)  spawning locations in Ohio streams along the
south shore may have become unsuitable due to pollution, siltation,
or damming. That stream conditions had changed is suggested by
the decline in abundance of silver lampreys (Ichthyomyzon unicuspis)
early in this century (Trautman, 1949).

Various pollution surveys in Ohio have shown that the shore-
line has become progressively more polluted organically and covered
by silt. The origin of the latter is attributed largely to ship chan-
nel dredging and, to a lesser extent, to “diatom fallout,” domestic
and industrial  pollution, and farm drainage. Although we believe
that modifications of the physical environment ultimately had dele-
terious effects on the sauger,  we believe that  the ever-increasing
amounts of gear fished (until  very recent years) also must have
taken their toll  on the capacity of the population to maintain i ts
abundance. Since the decline was fairly regular, we suspect, how-
ever,  that environmental conditions were very important l imiting
factors.
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The clay turbidity along the south shore may have reached its
maximum early in this century and then gradually decreased, due
presumably to progress in erosion control  (Van Oosten,  1948).
Recent data suggest another upswing in turbidity that is traceable
to  inc reased  sh ip  channe l  d redg ing  in  wes te rn  Lake  Er ie .  The
ear l i e r  decrease  may  have  b rought  tu rb id i ty  in to  a  range  more
favorable to the sauger’s relative-the walleye.  The abundance of
walleyes gradually increased as saugers declined. In direct com-
petition with saugers, walleyes should have an advantage in some-
what clearer water, judging from their relative abundance in var-
ious parts of the same body of water where both occur.

The competitive interactions between blue pike and either saugers
or  wa l leyes  were  p robab ly  no t  major . The blue pike’s habitat
was farther offshore than that of the sauger and walleye. Larger
walleyes probably moved into deeper waters in appreciable num-
bers in summer (Wakeham and Rathbun, 1897; and others) but here
they would most likely feed on larger fish than did the blue pike
and thus not compete directly with them.

Af te r  i t s  ea r ly  inc rease  in  abundance  abou t  100  years  ago ,
the blue pike remained abundant for 3 or 4 decades.  At the end
of this period, about 1910, its numbers began to fluctuate violently
(Figure 3). We suggest that the fluctuations were due to an over-
intensive fishery which ultimately applied too much stress to those
self-stabilizing mechanisms that this population and its ecosystem
had evolved.

The blue pike is a predator on small organisms. Presumably
its young-of-the-year frequented deep, sandy, and rocky shoal areas
where they were vulnerable to some extent to predation by older
members of the population. When production is sufficiently high,
including large incidental catches of many small  blue pike, the
aforementioned self-regulatory mechanism would fail  in that too
many young-of - the-year  would  escape  preda t ion . There  would
then be a brief population explosion followed by several years of
small year classes due to too-intensive predation by the old upon
the young. As the population of old fish decreased, another up-
surge might result . In a non-exploited, reasonably complex eco-
system, these oscillations likely would soon damp themselves out
(except perhaps with very short-l ived species).  Conversely,  good
markets and a flexible,  unregulated, intensive fishery would, if
anything, lead to an increase in the amplitude of the oscillations
since the fish also would be caught even when they were scarce.
The  end  of  th i s  success ion  of  increas ing ly  v io len t  f luc tua t ions
might be the economic or even biological extinction of the species
at some low point of abundance. Ecologists have occasionally re-
ported the occurrence of similar sequences (Odum, 1959).

The  regu la r  spac ing  o f  the  peaks  o f  b lue  p ike  p roduc t ion



(Parsons,  1966),  at  periods of about twice the length of t ime i t
required for a year class of blue pike to achieve peak reproduc-
t ive  capac i ty  and  a l so  be  dec imated  by  the  f i shery ,  i s  what  we
would expect in an oscillating system in which the major predator
is cannibalistic and is itself oscillating in abundance. We believe,
therefore,  that cannibalism on fry and fingerlings was the major
mechanism responsible for these f luctuations from 1910 to 1950,
but recognize that other more indirect mechanisms might have played
the main role since 1950.

We consider i t  l ikely that a too-intensive fishery was largely
responsible for the "crash” decline of the lake herring after 1924.
This “crash” coincided with the rapid increase in gill nets licensed
in Canadian waters at  a t ime when the American fishery was al-
ready very intense and still increasing in fishing effort. The no-
torious bull nets were used commonly in this period until outlawed
in Ohio in 1929 and in New York and Pennsylvania in 1934.

Inearlier years, the majority of herring and whitefish apparent-
ly migrated regularly to the extreme eastern margin of the Cen-
t ra l  Bas in  and  a t  l eas t  some moved  in to  the  Eas te rn  Bas in  in
e a r l y  s u m m e r ; a  r e v e r s e  m i g r a t i o n  o c c u r r e d  i n  e a r l y  a u t u m n
(Wakeham and Rathbun, 1897). Ontario fishermen of western Lake
Erie caught, practically speaking, no herring after 1920; fishermen
of the Central Basin caught practically none after 1925 except from
1945 to 1947 (Davies, 1960). The Eastern Basin had two short
peaks of abundance after 1928. This west-to-east  temporal  pro-
gression in the almost complete initial failure of the fishery (1920,
1925, 1929) coincides with the relative probability of capture of a
migrating fish for the decades following 1920 - very high for her-
ring moving to the west edge of the Western Basin, high for those
moving  to  the  wes t  edge  of  the  Cent ra l  Bas in ,  and  modera te ly
high for those remaining in the Eastern Basin.  We propose this
progression as evidence that the fishery collapsed due to an inten-
sive fishery.

Wakeham and  Ra thbun  (1897 ,  p .  78 )  r e fe r red  to  an  ea r l i e r
collapse of the herring thus:

“In looking for the cause of the decrease in the western catch,
we find that  during several  years prior to 1890 this species was
being taken by the pound nets in certain places in somewhat re-
duced numbers. Then came an abrupt and very pronounced falling
off, which was first manifested at Port Clinton in 1890, at Huron
and Vermilion in 1891, and about the Bass Islands and Kelleys
Island in 1892. This sudden drop occurred immediately after the
extension to the Western Basin of the heavy gill net fishery which
had previously been confined to the deeper waters. The tugs be-
longing at  eastern ports had started the practice of following up
the schools of herring during their fall  or spawning movement,
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and, deriving great profit  in that connection, they were joined by
the local tugs in operating in the Western Basin and adjacent to
i ts  eastern border.”

They  made  a  fu r ther  very  in te res t ing  po in t :  “The  s ta t i s t i cs
do not favor the view that the decrease has been produced simply
or solely by the taking out of too many fish. The prevailing opin-
ion among the fishermen is to the effect that the course of the
schools had been diverted by the many nets,  which prevent their
reaching the Western Basin except in relatively small  numbers,
and causes them to occupy other than their customary grounds in
late fall. It is said that large bodies of herring have been spawn-
ing in recent years off the south shore between Huron and Fair-
port ,  where such an occurrence was previously unknown, but the
statements in that regard lack confirmation. A very reasonable
deductionis that, being prevented from reaching their proper spawn-
ing grounds, their eggs are largely deposited in situations not suit-
able for that purpose, with the result that the productiveness of the
species has been impaired.”

We might add that if  individuals of a homing species return
to an imprinted spawning locale, even a marginal one, then any
progeny would home to that marginal spawning area, even if bet-
ter  grounds became accessible again in subsequent years,  unless,
o f  course ,  a  s t rong  ins t inc t  overpowers  the  impr in t .  We know
very li t t le about the relative roles of instinct and imprinting in
migrating fish.

Following the “crash” of 1924, the herring staged two brief
recoveries in abundance. Tha t  a  smal l  r es idua l  s tock  managed
to escape capture to spawn successfully (when fishermen were no
longer seeking them out), and that the condition of the ecosystem
was such that a relatively strong year class was produced in 1943
(Scott, 1951) do not contradict our suggestion of fishing as the prin-
cipal destructive factor. The herring can stand moderate crowd-
ing in i ts ecosystem where i t  feeds on planktonic animals. The
spec ies  p roduces  a  l a rge  number  o f  eggs  tha t  a re  b roadcas t  in
areas chosen in some manner by the fish. Its young are probably
not vulnerable to cannibalist ic at tacks. Given these conditions,
an ecologist  would expect that small  numbers of spawners would
normally give rise to small numbers of young, and would expect
a large year class to arise from a small spawning stock only when
environmental conditions were exceptionally favorable (Beverton
and Holt, 1957, Section 6; Ricker, 1958, Chap. 11). In taking this
position, we disagree explicitly with the views of Dymond (1964)
t h a t  o v e r f i s h i n g  i s  s e l d o m  t h e  c a u s e  o f  t h e  s e r i o u s  d e c l i n e  o f  a
species, especially in such large bodies of water as the Great Lakes
and that there are usually enough adult fish left by the fishery to
produce an abundant crop if conditions are favorable. One can in-
fer certain special circumstances of population biology and fishery
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practices where an intensive fishery would not reduce the prob-
ability of reproductive success, but any such special circumstances
tha t  occur  to  us  cou ld  no t  have  app l ied  to  Lake  Er ie ’ s  he r r ing
from what we know of the pre-1940 history of this species.

There is ,  at  this juncture,  a very important general  point to
be made concerning fishing intensity. It often seems to be assumed
that once a species falls to low levels of abundance it is no longer
taken because i t  is  unprofitable to do so.  This is  not true,  how-
ever,  when certain circumstances apply as in the Lake Erie fish-
ery, to wit:

1.  If  the species either schools or migrates to well-defined
spawning  a reas ,  i t  may  wel l  be  p rof i t ab le  to  t ake  mos t  o f  the
“last ten thousand” fish of a population;

2.  If  the species at  some period of the year occurs in waters
where other species are fished intensively,  and is vulnerable to
the gear,  i t  can be reduced further in numbers even if  already at
a very low level of abundance;

3.  If  two species of low abundance can be caught together,
thus making it profitable to fish both where it would not be econo-
mical to fish either alone; or,

4. If fishermen have a work obsession or a compulsive reluc-
tance to give up a l ife-time trade that forces them out onto the
lake even when it is uneconomical for them to go.

An examina t ion  of  the  h i s tory  of  the  re la t ive  abundance  of
spec ies  and  of  the  f i sh ing  prac t ices  and  in tens i ty  in  Lake  Er ie
shows that one or more of these conditions can be demonstrated
to have existed almost every t ime a valued species dropped to a
low level. In fact, the above-listed “Condition 3” applied in 1966
as the Canadians harvested small walleyes and white bass together
i n  YYzmned7’ 3-1/2 in.  mesh gil l  nets.

Before we proceed to more recent history, we should refer to
the great turbidity vs overfishing duel begun in the 1930’s (Langlois,
1946; Van Oosten, 1948). Langlois held that clay turbidity, due
largely to poor farming practices in Ohio and Indiana, was respon-
sible chiefly for the decrease in Ohio catches. Van Oosten argued
that a largely unregulated, exploitive fishery was to blame.

On the basis of a re-examination of the data and some tenta-
tive conclusions already elaborated, it is our opinion that both were,
in part, correct. We believe that turbidity from poor erosion con-
trol on Ohio farmlands played a role in reducing the catch of white-
f i sh  and  lake  her r ing  a long  the  sou thwes t  shore .  Fur thermore ,
we believe also that  Ohio’s trap net  f isheries of  the 1930’s were
not  as  excess ive ly  explo i t ive  as  mos t  g i l l  ne t  f i sher ies  o f  tha t
period. In many other parts of the Great Lakes, however, turbid-
ity played no role in the decrease of catches and, as pointed out
by Van Oosten, unregulated fishing practices were clearly to blame.
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Fluctuations in the catch, 1940-1966

The changes in fish populations of previous decades cannot
compare with the dramatic fluctuations since 1940 which culminated
in the commercial extinction of the fisheries for whitefish, herring,
and blue pike.

We do not know whether blue pike or other fish (e.g., perch)
preyed on young herring, though we suspect that they did. If  so,
this fluctuating, predatory pressure would have contributed to in-
stability in the lake herring stock. A number of confounding fac-
tors prevailed which discourages any temptation to test  this pos-
sibility with existing data. Whitefish and herring thrive in waters
showing some mesotrophic characteristics (R. A. Ryder, unpublished
data). Perhaps even the Eastern Basin has become too eutrophic
for these species,  since in recent years the oxygen saturation of
the hypolimnion was less than 50 percent in summer (Carr, 1962).
How much stress this would place on these fishes is not known.
We suspect that in addition to a continuation of patently exploitive
fishing practices,  some cri t ical  threshold in accelerated eutrophi-
cation was passed between 1940 and 1945 (Carr et al., 1965) which
altered the environment to the extent that it affected the abundance
of many important species.

It is clear from our knowledge of recent oxygen and tempera-
ture conditions that the Central Basin could no longer support white-
fish and herring in summer during the past  decade except,  per-
haps,  in a fringe near the eastern edges.  We do not know when
conditions in the various parts of the basin became cri t ical ,  but
some degree  of  oxygen  def ic iency  occurred  occas iona l ly  in  the
southwestern parts  of  the Central  Basin as early as 1928 (Carr ,
1962). Most, if not all, of. the whitefish migrated out of this area
each summer even before the turn of the century (Geare,  1884);
herring behaved similarly (Wakeham and Rathbun, 1897).  Some
groups of whitefish and herring remained all summer in the Cen-
t r a l  Bas in ,  however ,  even  as  l a t e  a s  the  1940’s  (W.  B .  Sco t t ,
personal communication).

For any cold-water species spawning in the Western Basin,
too rapid de-oxygenation of the Central Basin hypolimnetic waters
would presumably trap the young when they migrated back to the
east . The Western Basin is ( theoretically) flushed-out in about
2 months,  almost entirely by Detroit  River water.  Thus,  passive
transport might carry young whitefish or herring hatched in the
Det ro i t  R ive r  o r  Wes te rn  Bas in  p roper  in  ea r ly  Apr i l  in to  the
Central Basin by early June. Recent observations (see e.g. ,  Carr ,
1962) indicate that these young, assuming they require cold water,
would have to proceed about 50 miles northeastward in 2 months
to find favorable conditions. We do not know the rate at  which



such small  fish would migrate nor whether the migration would
be suitably directed.

Lawler (1965) suggested that the slight warming trend recorded
for the climate of the Lake Erie region may have permitted water
temperatures in winter to remain sufficiently far above the ideal
incubation temperatures for lake whitefish (0.5° C.;  0.9° F.)  to
impair  hatching success. Furthermore, at  sl ightly raised winter
temperatures,  hatching would occur before suitable food became
available with the spring plankton blooms. Water temperatures at
or near the surface of the substrate could have been held above
0.5° C. (0.9° F.) by increased decomposition of organic materials
carried into the waters, or synthesized there. ZoBell ,  Sisler,  and
Oppenheimer (1953) have demonstrated that the temperature of bot-
tom muds can be considerably higher than that of the overlying
water .

Whether the foregoing factors were crit ical  on the spawning
areas of the Western Basin is not known; even if  they were not,
we suggest that oxygen deficiencies in the Central Basin eventually
became cr i t i ca l  fo r  the  whi te f i sh .  We be l ieve  tha t  oxygen  def i -
c ienc ies  in  the  hypol imnion  of  the  Cent ra l  Bas in  were  a l so  in -
volved directly in the population fluctuations of smelt, and perhaps
blue pike, but less directly for those of the walleye and yellow perch.

Blue pike reportedly frequented deeper waters, at least deep-
e r  t h a n  4 0  f t . , a s  summer  p rogressed . In the Central  Basin of
Lake Erie the characteristically very “steep” metalimnion occurs
normally at depths of 50 to 60 feet. ‘Whether the blue pike actu-
ally preferred to remain in this cooler water of less than 60° F.,
with an epilimnion of about 75° F.,  is  not known. In past  decades
f i shermen caught  b lue  p ike  in  summer  f rom deeper  wate rs  o f f
Vermilion, Ohio, that came to the surface “hard and frisky.” This
implied to the fishermen that they came from cold bottom waters
(M. Hosko, personal communication).

Limited “test netting” in the 1950’s indicated that the blue pike
inhabited the lower epil imnion in the eastern part  of the Central
Basin (Ontario data). Since blue pike were caught in numbers in
the epilimnion along the northern margin of the Central Basin even
in late summer (Kennedy, 1961), we suggest that although they pre-
ferred to remain in cooler waters, some did not remain there con-
sistently. The eastward movement of blue pike to somewhat deep-
e r  wa te r s  o f f  Fa i rpor t ,  Ohio , is  consistent with the observation
that oxygen concentrations in the hypolimnetic waters of the Cen-
tral Basin first  fell  to low levels off Vermilion in summer, then
spread north and east .

The larger individuals in some populations of walleyes migrate
in summer to colder, deeper waters. Recent tagging studies show
that most western Lake Erie walleyes remain in that basin through
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the summer (Wolfert ,  1963);  whether or not some of these fish
and those from the Central Basin frequented the hypolimnion of
the Central Basin in earlier years is not known. By 1959, oxy-
gen concentrations in the hypolimnetic waters off Fairport ,  Ohio,
(the area fishermen of earlier years called “blue pike heaven”)
were  l e s s  than  1  ppm. Low oxygen has recurred in subsequent
years,  and we do not know in how many previous years i t  also
may have been low. From what we know of the preferred habi-
tat of the Stizostedion species, we suspect that they tolerate low
oxygen concentrations,  perhaps down to 5 ppm, somewhat better
than do whitefish and herring but less well than still-water species,
l ike the bullheads and carp. We suspect, however, that at oxy-
gen concentrations below 5 ppm the stress on a Stizostedion be-
comes sufficient to cause it  to move to waters of higher oxygen
concentration.

The Stizostedion species, other percids, and many other species
rest on the bottom for part of each day, night, or both. What ef-
fec t  an  enforced  pe lag ic  ex i s tence  has  on  such  spec ies  i s  no t
known. Data collected during fishery surveys show that Stizoste-
dion species, other than fry, are seldom taken far offshore where
waters are either deep (greater than 80 feet)  or overlie an oxy-
gen-poor hypolimnion. I f  t h i s  i s  t r u e ,  t h e n  a  g r o w i n g  a r e a  o f
oxygen-deficient waters off Vermilion would provide a sanctuary
of increasing size in the epilimnion or metalimnion for pelagic
species preyed on by the perch and Stizostedion species.  The
metalimnion of the Central Basin often has such a sharp tempera-
tu re  g rad ien t  ( abou t  5°  C .  pe r  m. ;  9°  F .  pe r  3 .3  f t . ) ,  t ha t  f ew
species are likely to be comfortable there. I t  appears from sur-
veys made by Ontario in 1962-63 that young-of-the-year and year-
ling smelt  and perch are the most common fishes at  the bottom
of the epil imnion in the Central  Basin (unpublished data).  Older
perch apparently have a regular offshore-onshore movement (Scott,
1955),  and older smelt  move eastward as the summer progresses
(Thomasson, MS, 1963).

The interrelationships we now postulate,  although admittedly
speculative, indicate the complexity of the situation. The greater
the area of hypolimnion with insufficient oxygen, the greater the res-
triction on walleye mobility, and, therefore, the greater the survi-
val of the pelagic young of smelt, perch, and other species on which
it  feeds. Blue pike, though crowded more (low oxygen might limit
their  spawning to the eastern edge of the Central  Basin),  should
have a surplus of food and grow rapidly. The oxygen stress on
b lue  p ike  would  inc rease  the i r  movements  and  t h u s  m a k e  t h e m
more vulnerable to fishing gear (F. E. J. Fry, personal communi-
cation). Catch rates might well increase and the (proposed) can-
nibalistic habit of blue pike diminish. Any decrease of cannibal-
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i sm should  “damp ou t”  the  osc i l l a t ions  o f  year  c lass  s t reng th .
Catch records for blue pike are consistent  with such a process
becoming effective about 1950.

An expanding Central Basin sanctuary for pelagic, eurythermic
young fish should permit more of the young to survive and their
populations to increase, Besides smelt  and perch, the young of
sheepshead7 (Aplodinotus grunniens) and white bass also frequent
the  sha l lower  wate rs  o f  the  Cent ra l  Bas in .  Al l  showed  marked
increases in abundance beginning about a decade ago.

Adult smelt first appeared in very large numbers at the west-
ern end of the Central Basin in 1951 (Kennedy, 1961). These fish
were probably the 1948 year class,  which suggests that  a large
sanctuary existed by 1948. Smelt  were not harvested in signifi-
cant numbers unti l  1952, and not intensively unti l  1960. V e r y
large numbers were present  in 1953 and 1954,  judging from the
numbers caught accidentally in the fishermen’s large mesh nets.
They continued to be abundant in spawning runs at Pt. Pelee un-
til 1962, then declined somewhat.

The year classes of blue pike and walleyes were weak after
1954. Blue pike never again spawned successfully,  and walleye
populations which spawned on grounds immediately adjacent to the
Central Basin and, apparently, some in the Eastern Basin suffered
a similar fate. With the exception of a subpopulation of walleyes
near the New York shore of the Eastern Basin, none have recover-
ed since.

That a dominant yellow perch population can restrict walleye
populations to a low level of abundance has been suggested by a
number of workers (Carlander, 1950b; Moyle, 1949). The Euro-
pean perch and sander have interrelationships similar to the yel-
low perch and walleye (Tesch, 1965). If the yellow perch become
very abundant,  and are cannibalist ic,  and are harvested with rea-
sonable intensity so that relatively few survive beyond 3 full years,
we would expect a 3-year cycle of dominant year classes if spawn-
ing conditions remain consistently favorable. Recently, perch have
produced strong year classes every three years in western Lake
Erie. If  perch were very abundant,  we would expect that  perch
and walleye fry would be decimated by the perch. This predation
would tend to put the cycle of larger year classes of walleye in
phase with those of the perch which is precisely what has happen-
ed in recent years in western Lake Erie (unpublished U. S.  Bu-
reau of Commercial  Fisheries data).

The  expec ted  cyc le  for  smel t  i s  somewhat  d i f fe ren t .  Adul t
smelt  migrate eastward across the Central  Basin after spawning

7 The approved common name of this species “freshwater drum” has
no currency anywhere in  the Lake Erie  basin where the f ish is  a lmost
universally called “sheepshead.”
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at Pt. Pelee. Yearlings and young-of-the-year are found near the
thermocline throughout the summer. Yearlings, therefore, should
feed on young-of-the-year, causing an alternate year cycle of abun-
dance (spawning conditions being consistently favorable). This al-
ternate year cycle has existed during the past decade. The cycles
of the Eastern Basin might be quite different, depending on the
spatial distribution of year classes of smelt about which we know
relatively little. It is clear from preliminary studies of Ontario
data that yearlings and young-of-the-year are not compressed in-
to a thin horizontal layer in the Eastern Basin as in the Central
Basin.

Smelt and perch have maintained relatively high levels of abun-
dance for about 15 years. As outlined above, both species seem
to have relatively good self-regulating mechanisms that prevent
populations from becoming excessively crowded. Both species
feed on invertebrates (plankton or benthos, or both) as well as
fish and thus are not likely to starve, even at high population
densities. Both species spawn at a young age - 2-3 years.

Market demand for smelt and perch is at best moderate.
It has not been worthwhile to fish for them very intensively. The
economics of the American industry have made it, in fact, largely
unprofitable to fish commercially for them on the south shore
(the Lake Erie fishery is now in a sense reversed from what it
was at the turn of the century when it was “uneconomic” for
Canadian fishermen to take large catches, since they could not
sell them). Thus, there is no serious danger that smelt or perch
will be taken long before they mature sexually, or that they will
be barred by nets from their spawning grounds.

Still important, however, is the fate of those few walleyes
that persist in the Western Basin and stray into Canadian waters.
Some spawning grounds in the Western and Eastern Basins still
yield walleye fry. There seems no reason why the walleye popu-
lation would not increase in abundance if protected and perhaps
challenge the yellow perch for dominance in the Western Basin
(see following sections). With a steady, moderately intensive
fishery for smelt, the various walleye populations around the peri-
phery of the Central Basin might expand again and form the basis
for reasonably profitable fishery.

In this brief history of fish and fishing in Lake Erie we have
drawn attention to what we believe were the main processes in
the lake ecosystem during the past century and a half, especially
for the walleye; what were, from time to time, considered to be
the solutions to recurring problems; and the relative success of
various proposed solutions. We consider that this order of com-
plexity is minimal if one examines the real essence of such pro-
blems as how to manage the walleye in Lake Erie. The simple
model, the simple analysis, and the simple solution can be counted
on merely to aggravate practical problems in a fishery.
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THE WALLEYE IN WESTERN LAKE ERIE

Our purpose in this section is to consider the general informa-
tion,  concepts, and findings of the preceding sections in relation
to the present habitat  and niche of the walleye in western Lake
Erie. For the words "habitat" and “niche” we use the connota-
tions given by contemporary ecologists, e.g., by Odum (1959, p. 27).
The habitat  is  the place where the organism lives.  The niche is
the  pos i t ion  or  s ta tus  o f  the  o rgan ism wi th in  i t s  ecosys tem re -
sult ing from the organism’s structural  adaptations,  physiological
responses,  and specific behavior ( inheri ted,  learned,  or both).  In
our consideration of the walleye’s niche, we leave out for the mo-
ment i ts  interactions with man as a predator and consider these
separately in the next section.

For management we need to know particularly if the ecosystem
can support  larger populations of walleyes. In which aspects,  if
any, do biotic and abiotic components in various geographical parts
of Lake Erie not provide the essential requirements for the species?
Stated otherwise,  and without intending to imply an over-simpli-
fied approach-what are the l imiting factors?

In our analyses, we examine the adequacy of spawning grounds,
effects of hatchery programs, types of natural mortality factors,
availability of suitable habitat for various life stages, food organ-
isms, competitors,  predators,  and the possibil i ty of introgression.
Finally, we address the problem of the size a population of wall-
eyes might attain in western Lake Erie under sounder management
than has been applied recently.

Spawning grounds

We have  a l ready  re fe r red  in  an  ear l i e r  sec t ion  to  wal leye
spawning, spawning runs, and related biological phenomena in a
number of different contexts. We assume that a walleye fry im-
pr in t s  some  essen t i a l  cha rac te r i s t i c s  o f  i t s  b i r thp lace  and  tha t
most sexually mature adults return to that  birthplace to spawn.
Under such conditions, a variety of somewhat different forms can
pers i s t  fo r  cen tur ies ,  sympat r ic  fo r  mos t  o f  the i r  l ives ,  bu t  se -
gregated at spawning times.

Wakeham and Rathbun (1897) referred to walleye spawning
grounds  in  Lake  Er ie  as  occur r ing  “ in  the  bays  and  s t reams  as
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well as upon the reefs and along the greater portion of the shore
but  p r inc ipa l ly  in  the  wes te rn  end  of  the  lake .  The  v ic in i ty  o f
Maumee Bay appears to be the most prolific spawning ground in
Lake Erie,  and the Thames River holds similar rank in the Lake
St. Clair region.” We doubt that walleye spawning sites were that
abundant. Walleyes were st i l l  a  “second rank” species ( in mar-
ket preference) and the fishermen were not actively seeking spawn-
ing aggregations as they were of the whitefish, herring, and lake
trout. We suggest that, for these reasons, fishermen did not know
in as much detail where all the walleyes spawned as they did for
the aforementioned “first  rank” species.

For a number of years after 1880, personnel of the Sandwich
Hatchery collected eggs from ripe walleyes at  Bois Blanc Island
and other locations in the Detroit River. We infer,  therefore,  that
spawning runs once occurred there, but that they were either small
or did not persist  long. This hatchery subsequently obtained its
eggs from a Lake Huron run into the St.  Clair  River for at  least
two decades start ing in 1886 (see relevant Ann. Repts. ,  Dept.  of
Fisheries, Canadafor years 1886 through 1908). The Detroit hatch-
ery also obtained its walleye eggs, in some years, from the Cana-
dian side of the St.  Clair  River which suggests that walleye runs
to  the  l ake  shores  nea r  De t ro i t  were  sma l l .  Goode  (1884)  a l so
indicated that spawning runs to the shores near Detroit were small.

Langlois (1945) stated that early records showed that walleyes
“former ly  ascended  each  spr ing  the  Huron  River  near ly  to  Ann
Arbor,  Michigan, the Maumee River to ‘Les Grandes Rapides,’
the Sandusky River to the rapids at Fremont,” and in the Central
Basin “the Cuyahoga River to the rapids above Akron, the Grand
River to south of Geneva, and other streams.” According to Lang-
lois,  most of these runs had been destroyed by 1945 due to con-
struction of dams, siltation, excessive pollution, or irregularity of
stream flow due to man’s activit ies.

Some adult walleyes tagged during the 1967 spawning season
in Sandusky Bay were captured within a few months as far away
as Lake St. Clair (J. V. Manz, unpublished data). These recoveries
may indicate a spawning run of Lake St. Clair walleyes into San-
dusky Bay. Trap net fishermen near the edge of the Western Basin
suspect this migration since many large or “jumbo” walleyes can,
on occasion, be caught here during the spawning season when very
few large fish were taken in the Western Basin in the preceding
autumn (e.g., M. Hosko, personal communication).

Young-of-the-year walleyes are sometimes found in moderate
n u m b e r s  i n  t h e  W e s t e r n  B a s i n  i n  a u t u m n  e v e n  t h o u g h  v e r y  f e w
were caught there earlier in the summer (J. V. Manz, unpublished
data). This enigma can be resolved if one postulates a late-summer
movement of some young-of-the-year walleyes from Lake St. Clair
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into western Lake Erie. There is some evidence of such move-
ment in U. S.  Bureau of Commercial  Fisheries trawl catches.

Juvenile walleyes were tagged during the 1967 spawning sea-
son on the south shore of Lake St. Clair near Belle River. Some
of  these  f i sh  were  recap tured  wi th in  severa l  months  in  wes te rn
Lake Erie (R. M. Christie, unpublished data). The recoveries sup-
port  the inference of a spawning run from western Lake Erie to
Lake  S t .  C la i r . Tagged adults in the runs up the Thames River
of Lake St.  Clair have migrated back to Lake St.  Clair and Lake
Huron.

Canadian fishermen recall  runs of ripe walleyes to sand and
grave l  a reas  on  the  wes t  shore  o f  P t .  Pe lee  and  a l so  a long  the
north shore of Lake Erie near Kingsville (W. H. Krause, personal
communication). These areas have been used by few, if any, wall-
eyes in recent years. The grounds off Pt. Pelee have become pro-
gressively modified over the past 20 years by a black, malodorous
deposit noticeable on trap net anchors. The changes are probably
due to domestic and cannery pollution from Leamington and other
communities. According to fishermen, various reefs off Pt. Pelee
and inshore areas off Pelee Island had large spawning runs until
r e la t ive ly  recen t  years  (H.  T iessen ,  pe rsona l  communica t ion) .
These runs are now either small  or extinct .

Spawning runs of walleyes persist  in two Ohio streams, the
Sandusky and Maumee Rivers. The size of the latter run may be
increasing (J .  V. Manz,  unpublished data) ,  perhaps as a result  of
some recent progress in pollution abatement and because few Ohio
commerc ia l  f i sher ies  in  th i s  a rea  have  surv ived  recen t  b io log i -
cal, economic, and political events. In a search for young-of-the-
year walleyes in the early summer of 1967, a large concentration
was found in the mouth of the Raisin River in Michigan. The  p re -
sence of several dams and the grossly polluted conditions now pre-
vailing in the lower Raisin River and its estuary seem to eliminate
the possibility of a spawning run in this river. We can only con-
clude that these young walleyes originally came down the Detroit
River or from one of the Western Basin’s offshore reefs.

Today, the major existing spawning grounds, shown in Figure
4, are the Kelleys Island-Bass Island reef and shore areas and,
the reef area southwest of the Bass Islands close to the shore of
Lake  Er ie  (Baker  and  Manz ,  1967) .  These  ree f  a reas  a re ,  f rom
a l l  i n d i c a t i o n s ,  f r e e  o f  m u d ,  s i l t ,  a n d  c l a y .  T h e  c u r r e n t s  a r e
strong enough to move large sand particles,  thus tending to keep
the offshore rocky reefs scrubbed clean (Hartley, 1961; Hartley,
MS8 ; Har t l ey ,  Herdendor f ,  and  Kel le r ,  1966) .  C i rcumstan t ia l

* Hartley, R. P. Preliminary report on the 1962 survey of bottom sedi-
ments in the southeastern part of the Central Basin of Lake Erie. P r e -
pared in 1963 for Ohio Dept. Nat. Res., Div. of Shore Erosion. Unpub-
lished manuscript.



Figure 4. Walleye spawning areas in the Western Basin of Lake Erie and
stations where eggs and fry were collected by the Ohio Division
of Wildlife.

evidence suggests that attached “moss” may have increased in a-
bundance on the Kelleys Island reef in recent years (J. V. Manz,
unpublished data). Some Canadian fishermen also mention similar
algal growth on some Canadian reefs in the Central Basin. The
increased fertility of waters in the southwest corner of the Cen-
tral Basin may be responsible for these algal growths.

That the Ohio reefs of the Western Basin have been used by
the walleye, year after year, until the present was documented
by Baker and Manz (1967). Other references to their findings are
given in a preceding section on walleye ecology. Neither smelt
n o r  c o m m e r c i a l  f i s h e r m e n  a r e  f o u n d  c o m m o n l y  o v e r  t h e  O h i o  ree fs
during the spawning period; the fishermen are prosecuted, if appre-
hended. Fishermen in small boats, however, do set gill nets (le-
gally) near to, but just off, the reef areas to intercept spawners.
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I t  i s  c l ea r  tha t  the  deeper  wa te r s  and  eas te rn  edges  o f  the
Western Basin have become modified to the extent that ripe wall-
eyes are no longer taken there in significant numbers. This sug-
gests that  spawning grounds in these areas have been ineffective
in recent years and that any runs that may have homed to these
sites have now disappeared. We believe that the aforementioned
runs to areas immediately adjacent to the Central Basin may have
failed due to excessive predation by yearling smelt  upon pelagic
walleye fry. The failure of the walleye populations to recover in
s t reng th  in  o ther  inshore  a reas  a round  the  Cen t ra l  Bas in  a f t e r
their collapse in the late 1950’s, even though some of these areas
are not heavily fished, is consistent with this hypothesis. A small
population persists in the New York waters (under protective legis-
lation) in an area where small  smelt  may not be abundant during
walleye spawning periods. The spawning runs of smelt  into the
streams of New York, Pennsylvania,  and Ohio are small  (H. A.
Regier, unpublished data).

Direct and circumstantial evidence indicate the persistence in
1967 of spawning runs of walleyes from western Lake Erie into a
number  o f  s t reams ,  to  ce r ta in  ree fs ,  and  to  ad jo in ing  Lake  S t .
Clair  and i ts  tr ibutaries. Other  l a rge  runs  o f  ea r l i e r  yea r s  a re
now smal l  o r  ex t inc t . Some “straws in the wind” suggest that
several walleye runs may be increasing slowly in recent years.
We believe increased efforts in pollution abatement and increased
survival of older walleyes due to reduced fishing intensity would
make it possible for these runs to improve their reproductive po-
tential. The evidence does not indicate that the l imited area of
suitable spawning grounds are saturated by spawners. Further -
more ,  any  inc rease  in  the  number  o f  these  spawning  a reas  tha t
might result  from reduced pollution should act  to increase popu-
lation size by insuring greater year-to-year consistency in repro-
ductive success.

If spawning runs are to areas that differ limnologically (e.g.,
stream beds,  lake shores,  is land shores,  reefs) ,  or  are separated
by  modera te ly  l a rge  d i s tances  ( some tens  o f  mi les ) ,  then  i t  i s
unlikely that so many accidents would occur in a particular year
tha t  a l l ,  o r  a lmos t  a l l ,  wa l leyes  would  exper ience  reproduc t ive
failure. Conversely, if the number of runs decreased progressive-
ly, we expect “year class strength” to show a downward trend and
a  grea te r  var iab i l i ty  f rom year  to  year . The evidence indicates
c lea r ly  tha t  bo th  o f  the  l a t t e r  c i rcumstances  have  occur red  in
western Lake Erie and we believe they are causally related. We
bel ieve  tha t  some of  the  runs  were  des t royed  by  po l lu t ion ,  and
that some of the remaining spawning grounds currently in use have
been impaired by pollution. This view is not intended to suggest
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tha t  the  in tens ive  f i shery  was  b lameless .  As  a l ready  ind ica ted ,
we believe that the fishery was partly responsible for the explo-
sion of smelt  and that these,  when dominant,  probably consumed
vast numbers of walleye fry from spawning grounds surrounding
the Central  and Eastern Basins.

Hatchery programs

We have not attempted to relate numbers of walleyes stocked
in Lake Erie in various years with subsequent year class strength
and have no direct measure of the effects of the current walleye
hatching program of Ohio’s Put-in-Bay Hatchery. Ohio has, from
time to time, established excellent self-sustaining walleye popula-
tions in moderately eutrophic, inland waters by planting fry. In-
fo rmat ion  on  the  ra tes  o f  success  in  these  exper iments  has  no t
been published.

Scott ,  Omand, and Lawler (1951) experimented with raising
walleye fry in a small  reservoir adjacent to Lake Erie’s Eastern
Basin and released fingerlings into the lake. The stock apparent-
ly contributed to the fishery, but not in economically satisfying
amounts.

Minneso ta ,  Wiscons in ,  Iowa ,  New York ,  and  severa l  more
southerly states maintain hatchery programs for stocking walleyes
in new, rehabili tated,  or ecologically marginal waters.  Minnesota
has experimented for decades with walleye culture and stocking
programs and uses fry and fingerlings under somewhat different
circumstances (Anon. 1964).

J. L. Forney (personal communication) has found evidence that
during May a high proportion of the pelagic fry in Oneida Lake
are of hatchery origin. In Clear Lake, Iowa, the results of alter-
nate year fry stocking indicated hatchery fry contributed appreciably
to the walleye fishery (Carlander, Whitney, Speaker, and Madden,
1960). In both lakes over 3,000 fry were stocked per acre.

It is questionable whether a walleye hatching program contri-
butes anything to the stock when walleyes are abundant (Hile, 1937).
Under the present circumstances in Lake Erie,  however,  a well-
managed hatchery program may make an important contribution.
In the absence of a more thorough analysis,  we can neither en-
dorse nor condemn the Put-in-Bay Hatchery operations.
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Habitat and natural mortality of young walleyes

Forney (1964) found that walleye fry are normally pelagic for
about 4 weeks after hatching. Because sac fry remain initially near
bottom, dispersal of stocked fry in Oneida Lake can be predicted
from measurements of bottom currents for a period of 2 to 3 days
(Houde, 1967).  After absorption of the yolk sac,  fry concentrate
from 1 to 12 feet  below the surface.  Wind-induced surface cur-
rents apparently transport  the fry and concentrate them in semi-
protected bays. Dispersal of fry from spawning areas in Oneida
Lake may be limited to the first  5 to 8 days following hatching
since few older fry are taken in open water (J.  L. Forney, per-
sonal communication).

In spite of extensive attempts to find them, walleye fry have
not been taken in sufficiently large numbers in western Lake Erie
to  ind ica te  the i r  movements . I f  they  a re  d is t r ibu ted  by  wind-
driven surface currents or the more regular currents of the wa-
ter mass, certain ecological implications follow. Prevail ing west-
e r ly  winds  or  s to rms ,  o f ten  f rom the  southwes t ,  would  tend  to
sweep  pe lag ic  f ry  f rom ree f  o r  shore  a reas  a long  the  wes te rn
edge of the Central Basin into the Central Basin proper. At least
in some years, yearling smelt are abundant in these waters at this
season and we suspect they would prey on the walleye fry.

Similarly,  the regular southeasterly current through the Pelee
Passage, between Pt.  Pelee and Pelee Island, would carry some
fry from adjacent reef areas into the Central Basin. Fur the rmore ,
the predominant flow of the currents in the Island Region and the
Ohio reefs is eastward (Carr and Applegate, MS9). When wester-
ly winds are strong, these currents would sweep the walleye fry
into the Central Basin before they became benthic. Smel t  t i e  no t
common west of Pelee and Kelleys Islands except in winter,  but
are abundant in the water strata of the Central  Basin into which
the fry may be carried (J.  V. Manz, unpublished data).

Judging from direct observations, fishermen’s catches, and tag-
ging studies, most walleyes,  including fingerlings,  are relatively
sedentary in summer. Fingerling walleyes were distributed pre-
dominantly inshore during June and early July on or near shallow,
sandy, or weedy areas in Oneida Lake (Forney, 1966). They have
been found in similar places in Lake Erie (J. V. Manz, unpublished
data). In Oneida Lake they move gradually offshore in summer
and by October most young are at depths of 20 to 40 ft.

Protected areas in southwestern sections of western Lake Erie,
some decades ago, had extensive beds of rooted,  aquatic plants

9 Carr, J. F. and V. C. Applegate. The surface currents of Lake Erie.
U. S. Bur. of Comm. Fish., Ann Arbor, Mich. Unpublished manuscript.
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(Langlois, 1946). These had disappeared over 25 years ago,  due
presumably to:. increased clay turbidity from shore erosion; ship
channel dredging; farm runoff; destruction by carp; and, increased
plankton blooms from enrichment by agricultural  ferti l izers and
industrial and domestic sewage from Michigan, Ohio, and Ontario
communities. In spite of these changes,  western Lake Erie pre-
sumably contributed large numbers of young to the high walleye pro-
duction of the 1950’s. Therefore, rooted, aquatic plants cannot be
in themselves a crit ical component in the environment of finger-
ling walleyes. Almost the entire south shoreline is  covered with
sand overlying hard clay (Verber,  1957). We have no evidence
that  these shoreline areas have changed substantial ly since 1945
(cf. Anon., 1945, and Verber, 1957). We have, therefore, neither
direct nor circumstantial  evidence from which to argue that the
habitat for fingerling walleyes has deteriorated in any way in re-
cent t imes.

Autumn is a time of movement for walleyes, judging once a-
gain from the fishing success of stationary gear and from tagging
studies. Young-of-the-year in Lake Erie have also been shown to
undergo extensive migrations during autumn and winter. Some
young-of-the-year tagged in September of 1959 off Pt. Pelee were
caught the next spring on the south shore of Lake St. Clair. P r e -
sumably young-of-the-year walleyes are as active under the ice
in winter as are the adults. Aside from possible predation (dis-
cussed  l a t e r  in  th i s  sec t ion) , we know of no abnormal environ-
mental conditions that might occur in western Lake Erie that would
cause an unusually high mortality at this stage of their l ife.

Habitat and natural mortality of older walleyes

We are satisfied,  but with some reservation, that the condi-
tion of the habitat in Lake Erie for older fish is reasonably good.
In the section on general ecology we discussed the effect of light
intensity on walleye vision, and the preference for hard clean bot-
tom-a  p re fe rence  tha t  we  a t t r ibu ted  to  a  r e sp i ra to ry  appara tus
poorly adapted to oxygen concentrations much below saturation levels.
We know that these two requirements are now submarginal in some
periods of some years in parts of the Western Basin (Carr et al.,
1965). Other limnological conditions of the Western Basin (summer
temperatures,  total  dissolved solids,  alkalinity) appear to be well
within the range tolerated by the walleye. We should not over-
look entirely the possibility, however, that modern industries may
have accidentally produced wastes that are highly toxic to the wall-
eye but less toxic to other cohabitants of the area (Applegate and
King, 1962).
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We judged from R. A. Ryder’s classification mentioned earlier,
that walleyes prefer water of a transparency between 4 and 10 ft.
(Secchi disc). Transparency isoclines for western Lake Erie es-
t imated from data collected in 1961-1963 are shown in Figure 5.
The summer and autumn data have been plotted separately; only
a few measurements made in the spring were available. These
data are broadly similar to transparency data given by Powers et
al .  (1960),  Verduin (1964),  Hart ley et  al .  (1966),  and others .  In
general ,  summer transparencies in the range considered desirable
for  wal leyes  a re  found  in  the  i s land  and  ree f  a rea ;  wa te rs  a re
more  tu rb id  to  the  sou th  and  wes t ,  and  more  t r ansparen t  in  a l l
but the southwest corner of the Central  Basin.  All  of these wa-
ters are more turbid in autumn, displacing the isoclines eastward.
We emphas ize  tha t  the  i soc l ines  a re  es t imated  means .  The  two
isoclines depicted in Figure 5 enclose almost all the waters where
walleyes have been caught regularly by both anglers and commer-
c ia l  f i shermen in  summer  dur ing  recen t  years . Niagara Reef,
still a reasonably good fishing ground in 1967, is just outside our
estimated isoclines in an area for which we have relatively few
data.

We have no evidence that these waters have become more tur-
bid since 1900 except for a very recent increase due to channel
dredging. Van Oosten (1948) found that turbidity had declined con-
s iderab ly  in  inshore  a reas  a long  the  sou th  shore  o f  the  Cent ra l
Basin but had not declined in the Western Basin (at Port Clinton,
Ohio)  dur ing  the  f i r s t  ha l f  o f  th i s  cen tury .  The  compar i son  of
turbidity data published by various authors is made difficult  by
the  number  o f  methods  used . Adequate tables to permit  careful
comparisons of existing data apparently have not yet been devel-
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Figure 5. Est imated mean t ransparency isocl ines in  western Lake Erie ,
1961-62-63. Data from Great  Lakes Inst i tute ,  Universi ty of
Toronto. Isoclines are based on Secchi disc measurements ex-
pressed in meters .
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oped. G e n e r a l l y ,  t h e  r e c o r d e d  m e a s u r e m e n t s  o f  t u r b i d i t y  d o
support our view, stated in another section, that the waters along
the south shore have apparently become somewhat more suitable
for the walleye since the turn of the century. We doubt that what-
ever changes may have occurred in the relatively lower turbidity
along the north shore will have influenced the walleye appreciably.

We have also suggested that some parts of the bottom of west-
ern Lake Erie have become modified during the past  150 years.
Certainly the biota has changed markedly due to a complex of speci-
fic causes, all of which can be attributed to increased enrichment
and pollution (Carr, 1962; Carr and Hiltunen, 1965; see Figure 6).
We believe that sandy or rocky areas that have become muddy or
overlain with “diatom fluff” are less suitable as resting locations
for the walleyes due to the reduction in dissolved oxygen that oc-
curs  nea r  these  su r faces  a t  ce r t a in  t imes . M.  Hosko  (pe r sona l
communication) and other fishermen state that the lake bed be-
tween Middle Sister and East Sister Islands, at depths of about 30
ft . ,  was of relatively clean sand several decades ago but has be-
come progressively covered with deposits of higher organic con-
tent as well  as a “fluffy” material,  presumably diatom skeletons.
Walleyes once were taken regularly there in spring but have not
been found in significant numbers in recent years. They can stil l
be taken, however,  in the vicinity of shallower reef areas which
are “cleaner.”

Whether the bottom in the Island Region has also deteriorated
apparently has never been determined crit ically.  Smith and Snell
(1891) described a particular reef off North Bass Island as com-
posed (circa 1885) of honeycombed rock interspersed with small
patches of clay and sand “which are probably the best grounds for
whi te f i sh  in  Lake  Er ie . They extend 3-1/2 miles into the lake
from the west side of the island, and on the north side they are
about 5 miles square, running some distance into Canadian waters
around the little group of islands known as Old Hen and Chicken.”

A number of studies of the bottom deposits around the islands
and Pt.  Pelee have been made in recent decades (Kindle,  1933;
Shelford and Boesel, 1942; Verber, 1957; Hartley, 1961; Wood, 1963).
The boundaries drawn between various types of deposits (e.g., be-
tween rock and mud) differ widely depending on the author. Des-
pite these inconsistencies, the data suggest that the area of honey-
combed rock around North Bass Island is not now as extensive as
i t  was  desc r ibed  some 80  years  ago . A careful reconsideration
of original survey data of recent studies might resolve the prob-
lem of whether these reefs of honeycombed rock are becoming,
or have become, gradually si l ted-over. The fact that low oxygen
concentrations have developed rapidly a number of times over broad
areas of the bottom waters of the Western Basin only in recent
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Figure 6. Comparative abundance of Hexagenia nymphs and Oligochaeta in
western Lake Erie in 1930 and 1961 (from Carr and Hiltunen,
1965).

y e a r s  ( C a r r  e t  a l . , 1965), but not earlier, is consistent with the
hypothesis that the organic content in the bottom deposits has in-
creased and that  “mud” deposits  have become more extensive.

We sugges t  tha t  bo t tom depos i t s  wi th  h igh  organ ic  con ten t
would act to reduce suitable walleye habitat ,  particularly in sum-
m e r . What happens to walleyes during the periods of oxygen de-
p le t ion  in  the  Wes te rn  Bas in  i s  no t  known.  Presumably  oxygen
concentrations would remain higher over rock and clean sand than
over mud. If not,  the walleyes would most likely have to remain
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pelagic near the surface. This behavior would,  of course,  render
them more susceptible to capture by "canned" gil l  nets.

On the basis of our knowledge of currents in western Lake
Erie (e.g., Hartley et al., 1966) and sources of pollution, the ear-
liest and still most rapid addition of nutrients and organic mater-
ials to bottom deposits has been along shore from Detroit to To-
ledo with lesser amounts to Catawba Island and between Windsor
and Pt. Pelee. Areas least modified should be in the Middle Bass
- N o r t h  B a s s - E a s t  S i s t e r - P e l e e  I s l a n d  w a t e r s .  T h i s  p a t t e r n  o f
deposition is also indicated by the types of benthic communities
now persist ing in these places when compared to those along the
south and west  shores (Beeton,  1961).  I t  is  in these least  modi-
fied waters that walleyes persist in summer. As stated in another
section, we judge from early records and the l i terature that some
walleyes (perhaps predominantly the larger ones) once moved in-
to the hypolimnion of the Central Basin in summer. These waters
are now closed to them in the summer due to oxygen deficiencies.

Insummary, we judge that modification of bottom deposits along
the shores,  periodic oxygen depletion over extensive mud bottom
areas in the Western Basin,  and regular oxygen depletion in the
hypolimnion of the Central Basin have reduced walleye habitat in
summer .

Summer is the major growing period for walleyes; they grow
lit t le in winter (H. D. Van Meter,  unpublished data).  I t  is  l ikely
that a reduction of habitat in summer would eventually act to re-
duce a walleye population, especially if food were a limiting fac-
to r . There is no evidence, however, that the availability of accep-
tab le  food  i s  l imi ted . The walleye is,  as stated in a preceding
section, a generalized predator. It feeds on transforming mayflies
and  presumably  d id  so  in  the  Wes te rn  Bas in  before  the  mayf ly
“doomsday” arr ived in 1953 (Bri t t ,  1955).  Perhaps the greatest
peak of abundance of the walleye in Lake Erie, at least in the past
150 years, was immediately after 1953, hence, we doubt that fail-
ure of this invertebrate prey population had much effect on the
well-being of the walleyes. Great numbers of young fish of var-
ious species have been available in the “walleye waters” of west-
ern Lake Erie in recent years (V. C. Applegate and J.  V. Manz,
unpublished data) and there is  no evidence that  walleyes require
anyth ing  o ther  than  su i tab le -s ized  f i sh  fo r  adequa te  nu t r i t ion .
Thus, though we agree with Beeton (1966) that pollution has affect-
ed the walleye, we doubt that the major proximate cause of the
decline in the population was the reduction of benthic food organ-
i sms .

We emphasize that we do not believe that a reduction in habi-
tat (other than spawning habitat) in itself has been one of the ma-
jor  fac tors  l imi t ing  the  abundance  of  wal leyes  in  recen t  t imes .

59



The high population densities that the walleye attained in western
Lake Erie in the 1950’s occurred under conditions that appear from
all evidence not to have been substantially more favorable for the
species than they were in 1967 - at least insofar as the extent of
habitat and abundance of prey are concerned. Any crit ical altera-
tions,  in habitat  particularly,  that  may have occurred apparently
came before 1950 (Carr et al., 1965).

The observed growth rates of Lake Erie walleyes are among
the most rapid ever recorded for this  species [see data from 16
growth studies given by Payne (MS, 1964) and Table 5 in this re-
port]. If, as Carlander (1948) pointed out, rate of growth is one
of the most important indicators of the health of individual fish,
then western Lake Erie walleyes recently have been extraordinar-
ily healthy. On the other hand, we suggest that an unusual growth
rate implies that the ecosystem is not healthy, i .e. ,  i t  has not at-
tained relative balance. We would  expec t  the  ecosys tem to  be
healthier if  the walleye population were larger and their  growth
r a t e  w e r e  l e s s , due partly to intraspecific competit ion for small
perch, white bass, lake emerald and spottail shiners, alewives, etc.

Wol fe r t  e t  a l .  (1967) ,  who  examined  wal leyes  f romwes te rn
Lake Erie for internal parasites,  found that individuals commonly
harbored  a  number  o f  ces todes  o f  the  spec ies  B o t h r i o c e p h a l u s
c u s p i d a t u s  in  the i r  py lor ic  caeca . No indication of inflammation
was apparent. The walleyes with a greater than average number
of cestodes were usually heavier, at any given length, than those
with fewer cestodes. These  pa ras i t e s , and  the  few of  another
species that were present,  seem to have had l i t t le effect on their
hosts. A. Dechtiar (personal communication), who has periodically
examined western Lake Erie walleyes for diseases and parasit ic
organisms in recent years,  has always found some ill  or infected
fish, but has found no indication of serious infection or of wide-
spread epizootics.

Dead walleyes have rarely been found on Lake Erie beaches
in recent years,  and fishermen seldom pick dead individuals off
the bottom in their  nets. Van Oosten (1936), who examined dead
walleyes and other species washed onto the south shore,  judged
that they had been discarded by fishermen. Dead walleyes were
common on the shores of Ohio islands in the early 1950’s (Ver-
duin, 1964). These, too, l ikely came from fishermen’s nets.  We
have, then, no evidence of any serious outbreak of disease or para-
sites in Lake Erie walleyes, nor of any unusual mortality other
than that due to human predation.

In a preceding section on the general ecology of the walleye,
we indicated that natural mortali ty rates,  corrected for concomi-
tant fishing mortality,  have been estimated for a number of wall-
eye populations. In roughly comparable circumstances, these were
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found to be less than 10 percent per year for f ish older than 1
year. We have no direct estimates of natural mortality rates for
Lake Erie walleyes. On the basis of various considerations given
above,  we believe i t  to have been less than 10 percent in recent
years .

Older walleyes often move freely under the ice in winter and
feed actively; this is apparent from anglers’ success when fishing
with bait minnows. Doan (1945) summarized some local distribu-
t ion  and  movements  a round  the  Ohio  i s lands  in  win te r .  Forney
(1966) gave circumstantial  evidence that  during periods of high
abundance of adult walleyes and low prey availability, older wall-
eyes prey on their own young-of-the-year during the winter. Such
canniba l i sm i s  un l ike ly  in  wes te rn  Lake  Er ie  in  recen t  years ,
however, because the young have been too large to serve the older
walleyes as prey.

In summary, we judge that natural mortality of walleyes be-
yond the early fingerling stage is low in western Lake Erie and
is not a major limiting factor in the abundance of the species.

Relative abundance of walleyes and interrelated species

As mentioned previously, various investigators have found that
in waters suitable to both the yellow perch and the walleye, if one
population becomes, and remains,  markedly abundant for a num-
ber of years the other species is reduced in abundance. Theniches
of perch and young-of-the-year walleyes are sufficiently similar
that food shortage and competition may on occasion have a “com-
petitive exclusion” effect. With predatory fish such as the larger
percids,  the role of predator and prey depends more on relative
abundance and relative size of the organism than on any simple
predator-prey relat ionship. We judge from considerable available
data that the cri t ical  factor determining whether one percid will
become the prey of another percid is more a matter of i ts  being
the  r igh t  s i ze  and  be ing  ava i lab le  than  of  i t  be ing  of  a  ce r ta in
species. The dynamics of largemouth bass (Micropterus salmoides)
and bluegill (Lepomis machrochirus) populations appear to be dom-
inated by similar predatory interrelationships (Regier, 1963).

Lake Erie fishermen have enjoyed a fairly good market for
perch  as  wel l  as  wal leyes  s ince  about  the  tu rn  of  the  cen tury .
Under such circumstances and with no important changes in fishing
gear and methods, the total catch of the species is an approximate
index of relative abundance. A marked change in fishing methods
for walleyes after 1950 prevents us from using such an index for
walleye abundance beyond that date (see next section).

According to catch records,  perch were very abundant in the
lake between 1929 and 1935 and again between 1954 and 1967 (Bald-
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w i n  a n d  S a a l f e l d ,  1 9 6 2 ,  a n d  m o r e  r e c e n t  s u p p l e m e n t s ;  see  F igure
7). Although catches by basins in Canadian waters suggest that
p e r c h  w e r e  n o t  m a r k e d l y  a b u n d a n t  i n  t h e  W e s t e r n  B a s i n  d u r i n g
the earlier period, we note that gil l  nets were not fished exten-
sively in the Western Basin in those years and that the pound nets
used were not very efficient for capturing perch (Davies, 1960).

Figure 7. Commercial production of yellow perch in Lake Erie, 1915-66.

During the period 1928-35,  when perch catches were high,
walleye landings remained at, or below, average (Figure 8). After
1935, walleyes showed a rapid,  two-fold increase in catch and then
a gradual increase thereafter. The second great surge in the abun-
dance of perch began in 1954. Abundance increased to unprece-
d e n t e d  l e v e l s  i n  1 9 5 6 ,  w h e r e  i t  h a s  r e m a i n e d .  A l t h o u g h  w a l l e y e
catches were high from 1953 to 1958, with a peak in 1956, evidence
sugges t s  t h a t  w a l l e y e s  ( i n  t e r m s  o f  m a s s  a n d  n o t  n u m b e r s )  w e r e ,
in fact,  most abundant in 1955 and only moderately abundant in
1950-53 and in 1957 (see next section). After 1957, the walleyes
fell to low levels of abundance while perch maintained themselves
i n  g r e a t  n u m b e r s .

White bass were very abundant in the Western Basin in some
e a r l y  y e a r s . According to Smith and Snell  (1891),  this  was the
most abundant species about 1825 to 1835; they were caught again
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Figure 8. Commercial production of walleyes in Lake Erie, 1915-66.

in “immense quanti t ies” between 1853 and 1860.  These authors
commented that the white bass and muskellunge decreased more
rap id ly  than  any  of  the  o ther  spec ies  in  the  lake .  We sugges t
that the major reasons for the decline of the white bass were the
combination of increased turbidity and the increased abundance of
the Stizostedion species. Catches of white bass increased moder-
ately from 1928 to 1935, then declined and returned to prominence
in western Lake Erie beginning about 1953. We do not know what
the predator-prey interrelat ionships are,  but  expect  that  the larg-
er walleyes eat young-of-the-year white bass when other food is
sca rce . J .  L .  Forney  (persona l  communica t ion)  has  found  tha t
walleyes eat white bass in Oneida Lake, but noted that relatively
rapid growth of white bass tended to reduce predation on them.
Various reports indicate that minnows and other small pelagic fish
were  scarce  in  o f f shore  a reas  o f  Lake  Er ie  some decades  ago ;
conversely, forage minnows have increased substantially in numbers
since 1959 (U. S. Bureau of Commercial Fisheries trawl data).

The very successful year classes of perch and white bass in
1951 and 1952 when walleyes were relatively abundant are difficult
to explain. Young-of-the-year of both species are caught in large
numbers just above the thermocline in the Central Basin, especially
in the western part. As indicated previously, we believe that both
the blue pike and walleye, except during the pelagic fry stage, were
barred effectively from most of the Central Basin beginning in the
late 1940’s by low oxygen levels in the hypolimnion in the warmer
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months. The years 1951 and 1952 may have been the first  ones
after the late 1940’s in which conditions were suitable for a very
successful hatch of perch and white bass. The Central Basin sanc-
tuary would tend to ensure their survival through the critical young-
of-the-year stage. Abundant  year l ings  o f  perch  and  whi te  bass
(as well as smelt around the margin of the Central Basin), would
have provided more than enough food for the walleyes, thus permit-
ting a higher than normal survival to age II when size makes both
spec ies  genera l ly  invu lnerab le  to  p reda t ion  by  the  wal leye .  A
shrinking habitat for the relatively sedentary walleye in summer
would also act to protect the more mobile, more pelagic young and
yearlings of perch and white bass.

F ina l ly ,  1951  marks  the  beg inn ing  o f  the  sharp  inc rease  in
Ontar io ’s  ca tch  of  wal leyes  in  the  Wes te rn  Bas in ,  fo r  reasons
given in the next section. The sanctuary that the walleye had en-
joyed in Canadian waters was lost with the introduction of new
fishing methods. Cropping these fish relieved the predatory pres-
s u r e  o n  p e r c h  a n d  w h i t e  b a s s  i m p r o v i n g  t h e i r  s u r v i v a l .  J .  L .
Forney (personal communication) has noted that yellow perch, white
bass, walleye, smallmouth bass, and gizzard shad (Dorosoma cepedi-
anum) produced exceptionally large year classes in Oneida Lake
in 1954. It  seems unlikely to him that environmental conditions
could have been exceptionally favorable for reproduction of all
these species. The shad appear to be preferred prey for the wall-
e y e  a n d  m a y  h a v e  a c t e d  a s  a “buffer” that permitted unusually
high survival of other species (Lagler and Applegate, 1943; Wol-
fert, 1966).

We conclude this section with the admission that it is a crude
analysis but we are convinced that it provides more than sufficient
evidence that the commercial catch data do not contradict the eco-
logical model that we have presented.

Introgression and desegregation

Earlier we suggested that introgression among Stizostedion forms
played a role in the disappearance of blue pike and sauger in Lake
Er ie . The term introgression is used here in the sense of desegre-
gation among two or more gene pools that had previously remain-
ed largely discrete for reasons other than simple spatial  barriers.
A process of desegregation between two forms can have various
kinds of outcomes such as: one or both of the old forms become
modified somewhat; one new form is added to the two earlier forms;
one of the earlier forms remains, with a new composite form add-
ed; both earlier forms are replaced by a single composite form;
one or both of the old forms disintegrate with no composite form-
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ed; or, both old forms and any composite form disintegrate. The
second from the last possibility, i.e., disintegration of several of
the old forms with no composite formed, is the one we postulate
to have occurred among the Stizostedion species in Lake Erie.

Having specified some possible outcomes of a desegregation
process, we now consider the “risk” or possible advantage to the
joint ecological position of the taxonomic products of such a pro-
cess when compared to the combined ecological status enjoyed by
the old forms. It is not difficult to postulate instances where the
net effect could be advantageous (Butler, 1968), although the effect
most often appears to be deleterious (Stebbins, 1966). To clarify
the idea somewhat, and place it in a practical frame of reference,
we present a simple model of the “risk” and possible advantage
in the desegregation process, in which risk is expressed as a func-
tion of the degree of dissimilarity between gene pools of the deseg-
regating forms. The degree of dissimilarity would have to be
inferred from phenotypic differences; precisely how these differ-
ences could be quantified remains a problem.

Figure 9 depicts a model of risk consistent with our under-
standing of the desegregation process. To obtain objective esti-
mates of curves such as these would require data on the outcomes
of a substantial number of desegregation events with corresponding
gene pool dissimilarities measured in comparable units. Follow-
ing is a brief statement of aspects of the model.

We suggest that the probability that interbreeding between the
two forms will reach general proportions, P(interbr.), in the absence
of spatial barriers, starts with a value of 1 when gene pool dis-
similarities are 0, then descends as a sigmoid function of increas-
ing dissimilarities (Figure 9a). If such interbreeding occurs, we
suggest that the probability that it will have a net deleterious effect,
P(delet.), is 0 at a level of no dissimilarity, rising as a sigmoid
function and reaching 1 asymptotically but at somewhat lower levels
of dissimilarity than with the preceding function (Figure 9b). The
probability of net advantage is simply the mirror image of the pre-
ceding function, P(advant.) = 1 - P(delet.). If interbreeding has oc-
curred and if it has had a deleterious effect, we postulate that the
negative measure of the effect, D, is 0 at a level of no gene dis-
similarity, but decreases approximately exponentially as dissimi-
larities increase (Figure 9c). On the other hand, if desegregation
has occurred and the effect, A, has been advantageous, we postu-
late that the effect is 0 at no dissimilarity, rising to a modest
peak at low levels of dissimilarity (where a new form exhibiting
general hybrid vigor may be produced) and then gradually falling
off (though remaining positive due, perhaps, to advantageous effects
of introgression where one form has “swamped” the other, or
where genetic desegregation has remained on a small scale thus
providing a small source of new genes for one or both pools)
(Figure 9c).
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Figure 9. Model  of  r isk from a desegregation process.  Abscissae are:
in each case, a measure of gene pool dissimilarities.

An effect, C, is associated with the probability of non-desegre-
gation,  P (non-interbr.) ,  and the C is  taken as 0 to be consistent
with other definitions above.

Our simple model to describe the effects we expect of dese-
gregation, i.e., the risk is as follows:

Risk = [P(interbr.)][P(delet.)][D] + [P(interbr.)][P(advant.)][A]

= P(interbr.)[A - (A+D) P(delet.)]

From the practical viewpoint, the risk is the expected impact
o n  t h e  j o i n t  s t a t u s  o f  t h e  r e l e v a n t  f o r m s  i n  t h e  c o m m u n i t y ,  w h e r e

status is  measured,  e.g., in units of long-term yield to fishermen.
We expect that the net impact of desegregation (advantage minus
disadvantage) will be positive at low levels of gene pool dissimilar-
i ty,  since the new gene pool will  exhibit  a moderate increase in
he te rogene i ty  which  wi l l  p roduce  genotypes  p re -adap ted  to  the
changed conditions that triggered the interbreeding. At higher levels
of gene pool dissimilarity,  corresponding, e.g. ,  to differences be-
tween sibling species,  the expected impact will  be negative as is
generally the case with "hybrids".  We then expect the net impact
to become less pronounced as the probability of desegregation ap-
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proaches  0 ,  cor responding  to  a  degree  o f  d i s s imi la r i ty  ex i s t ing
between species of longer standing (Figure 9d).

We repeat that we have no numerical data with which to test
the above model. Its  features are consistent with what l i t t le we
do understand about these processes, in fish communities. We pro-
pose it  not solely for the purpose of formulating a new theory,
but rather to indicate the context in which we approach the follow-
ing discussion.

The degree of genetic difference between blue pike and walleyes
has never been measured satisfactorily. Deason (MS, 1936) and Stone
(MS, 1948) studied the taxonomic status of the walleye and blue pike
in  Lake  Er ie  (S tone  a l so  examined  a  pa i r  o f  s imi la r  fo rms  in
Lake Ontario); both were unable to distinguish between all indivi-
duals on the basis of morphometry.  Since Deason’s concept of a
species rested heavily on morphometric differences, he considered
the two forms to be subspecies of the same species. Stone (MS, 1948),
who used Mayr’s “biological  species” concept (restated in Mayr,
1963), and data collected in the 1940’s found that the forms differ-
ed markedly in growth rate, maximum size, age at sexual matura-
tion, location and time of spawning, and food habits.  He decided
that they were isolated reproductively and, therefore, separate sib-
ling species.

C. F.  Clark (1959) experimentally crossed walleyes and blue
pike from Lake Erie at  the Put-in-Bay Hatchery in 1955. Recip-
rocal crosses led to viable young, although the hatch of walleye
male  x  b lue  p ike  female  was  much  lower  than  the  reverse .  At
the end of the first  summer, all  of the walleye male x blue pike
female offspring had apparently died; some of the offspring from
the reciprocal  cross survived to age I .  None were captured after
their second year of life, consequently it is unknown whether these
progeny were steri le.

What is the evidence of hybridization and gene exchange be-
tween Lake Erie’s blue pike and walleye populations? Early writers
occas iona l ly  re fe r red  to  the  “gray  p ickere l”  as  in te rgrades  be-
tween the blue pike and walleye (Goode, 1884). Whether they had
anything other than circumstantial evidence upon which to base this
hypothesis is not known. Deason (MS, 1936) found slightly lesser
morphometric differences between the blue pike and walleyes caught
near the traditional. walleye areas than between those separated by
a greater distance. He took this as evidence of some genetic ex-
change. Stone (MS, 1948), other biologists, and many fishermen have
found individuals that appeared to be hybrids both in morphometry
and color. According to reports from some fishermen in eastern
Lake Erie, unusually large fish resembling the blue pike appeared
to be steri le . These fish were caught during the years following
the almost total  collapse of the blue pike population in that  area
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of the lake. An occasional “blue” or “grey” form is still reported
caught in Lake Erie. Three specimens collected in 1967 and sub-
mitted to the Royal Ontario Museum of Zoology, were identified
as walleyes (W. B. Scott, personal communication).

Bluish-coloredwalleyes are, at present, common in some north-
e rn  Onta r io  l akes . This  co lor  i s  due  to  the  b lue  mucus  which
partially shields the more normal yellow pigmentation of the chro-
matophores.

In t rogress ion  among f i shes  might  occur  in  severa l  ways .  I f
a mobile species or form becomes very abundant in i ts  preferred
habitat ,  population pressures may force i t  into marginal habitats.
These unusual wanderings may interfere with whatever memory or
instinctive mechanisms lead the animal to a suitable spawning site.
It  may then, at  spawning season, become “trapped” by spawning
schools  o f  re la ted  fo rms  and  in te rbreed . A n  i n s t i n c t  t o  f o r m
schools and spawn at  such t imes might override instinctive bar-
r iers  to the strange species. Sv%dson  (1953) noted this behavior
with some coregonids. Smith (1964) has found evidence that the
deepwater chubs in Lake Michigan, a complex of Coregonid forms,
have undergone hybridization and introgression during recent de-
cades.

We also hypothesize that if forms that typically gather in large
schools at  spawning t ime become so scarce that  schools remain
small,  these schools may fuse with schools of a related form.

We can speculate further that our Stizostedion forms may be
imprinted by a characterist ic bouquet due to some biotic compo-
nents of a reef or gravelly stream system (Hasler,  1966).  Some
significant essences of the bouquet may be lost suddenly through
rapid pollution or eutrophication which causes the extinction of
those  o rgan i sms  whose  metabo l i t e s  con t r ibu te  to  the  bouque t .
Lacking adequate cues for orientation, sexually ripe adults may
wander,  become trapped in other schools of spawning fish of a
related form and hybridize.

We do not know whether interbreeding of this kind occurred
with the walleye and blue pike. The evidence suggests that  these
were sibling species,  and that  hybrids occurred but were steri le.
Blue pike spawned in the deeper waters of the Central Basin about
2 weeks later than did the walleye (Deason, MS, 1936). Whether
walleyes trapped in schools of blue pike, in the somewhat cooler
waters, would ripen at approximately the same time as blue pike,
or vice versa,  is  not known.

The destruction of spatial isolation between the blue pike and
the walleye very likely resulted from the movement of walleyes
from the Western Basin into the Central and Eastern Basin during
their great abundance in the 1950’s (Ferguson, 1957; Davies, 1960).
Fur thermore ,  the  in fe r red  s t ress  o f  inc reas ing ly  l a rge  a reas  o f



anoxic waters in the Central  Basin probably displaced the blue
pike into waters frequented by the walleye (Carr,  1962).  Given
violently fluctuating stocks (caused by an opportunistic fishery),
the juxtaposition in t ime of abundance of one form and scarcity
in the other,  the model of risk specified earlier,  and the l imno-
logical and behavioral inferences already stated, we see a l ikeli-
hood that genetic desegregation did play a role in the final disap-
pearance of the blue pike. We suggest,  however,  that  this was
a “mopping up” phase of the disintegration of the blue pike popu-
la t ion  a l ready  under  g rea t  s t ress  by  man  the  p reda tor  and  man
the polluter.

The sauger in Lake Erie has attracted little scientific attention,
and is now almost non-existent. Natural hybrids between the wall-
eye and the sauger have been seen in other waters by only one
observer (Stroud, 1948). Trautman (1957) suggested that similar
hybrids may occur in Ohio.  Nelson, Hines,  and Beckman (1965)
hybridized walleyes and saugers and found that the female sauger
x male walleye yielded no surviving fingerlings; the male sauger
x  female  wal leye  d id  y ie ld  some, though relatively few, healthy
fingerlings. Uthe,  Roberts,  Clarke,  and Tsuyuki (1966) found a
number of types in the electrophoretic patterns of Lake St.  Clair
walleyes; one type closely resembled that of the sauger. At first
glance this could indicate introgression. However, analysis 0 f
electropherograms from other Ontario populations of Stizostedion
species suggests that  conventional electrophoretic patterns may
not be sufficiently diagnostic to distinguish between them, much
less to identify any intergrades (Ontario data).

Saugers and walleyes apparently migrated to the same or close-
ly contiguous areas of western Lake Erie to spawn, e.g. ,  in the
Maumee  Bay-Maumee  River  a rea . Reproductive isolation prob-
ab ly  was  main ta ined  by  somewhat  d i f fe ren t  spawning  s i tes  and
spawning periods although how these might have differed is not
known. If desegregation occurred between saugers and one of the
other forms (probably the walleye, if any), it appears to have been
an occasional or gradual process. This, we must emphasize, how-
ever, is even more speculative than with blue pike.

In terminating this discussion, we wish to register our ex-
pectation that introgression and desegregation will be found to be
fa r  f rom ra re  in  rap id ly  t rans forming  sys tems  once  eco log is t s
s ta r t  look ing  for  the  necessary  ev idence . Freshwater  sys tems
under massive attack by man, as the Great Lakes are today, should
provide evidence of numerous phenomena of this kind (see Regier,
1968, for further discussion).
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THE WALLEYE FISHERY OF WESTERN LAKE ERIE

In  an  ea r l i e r  sec t ion ,  we  desc r ibed  the  deve lopment  o f  the
commerc ia l  f i shery  in  Lake  Er ie , fluctuations in the catch since
1900 (which we ascribe to an imbalance caused by heavy fishing),
and  f ina l ly  the  d i sappearance  of  a  number  o f  spec ies  in  which
other factors (environmental  change, introgression, .  .  .  )  played
some part .

Since 1880, the fishing industry in the United States, and more
particularly in Ohio, enjoyed a large measure of freedom. Tech-
nology improved and the fishery became highly exploitive. Only
in the last  decade of declining catches have restrictions become
severe and technological improvements static. Dur ing  the  l a s t
century and the early part of this century, the less heavily fished
Ontario waters served as a sanctuary and helped sustain the fish-
ery. If  Ontario fishermen had had ready markets and been given
the same freedom as United States fishermen, we suspect that the
violent fluctuations and decline in valuable species would have
come much earl ier . The distribution of f ishing pressure has re-
v e r s e d  i n  t h e  l a s t  2 0  y e a r s . Commercial fishermen in Ontario,
given almost complete freedom of action, have maintained rela-
tively high levels of production of available species by improving
fishing methods and increased fishing effort,  while fishing in the
United States waters of Lake Erie has declined.

Although we will  now examine in detail  the effects of heavy
fishing for walleyes mainly by Ontario operators in the last  20
years,  we must reiterate that heavy fishing in the United States
earlier contributed to the instability of Lake Erie fish populations
and indirectly to the decline of the walleye in recent years.

Efforts, catches, and technology

The total  annual catch of walleyes in the period 1945-66 is
shown in Table 2. These data extend, in both time and degree of
detail ,  the available summaries for western Lake Erie from Ohio
(Cummins,  1956),  Ontario (Davies,  1960),  and for  Lake Erie by
political subdivision (Baldwin and Saalfeld, 1962).

For approximately a century, Ohio exploited the walleye in
vary ing  degrees  bu t  recent ly  wi th  on ly  a  modera te ly  in tens ive
fishery. Walleyes were taken in large numbers in Ohio waters of



Table 2. Total commercial landings of walleyes by year from western Lake
Erie waters, 1945-66. [Data not available for some early years.
Pertinent statistical districts given parenthetically below state
and provincial names; geographic boundaries of these districts
are shown in figure beneath table (from Smith et al., 1961)]

Year
Michigan Ohio Ontario
(Mich.) (0-1) (OE-1)

Total

1945 251,921
1946 494,026
1947 348,421
1948 402,908
1949 357,995

2,685,275
4,190,467

2,580,743 184,522 3,168,173
3,679,259 279,587 4,316,841

1950 330,941 3,594,737 339,022 4,264,700
1951 247,813 3,710,797 726,179 4,684,789
1952 285,130 3,035,771 1,296,011 4,616,912
1953 383,451 3,632,001 1,206,447 5,221,899
1954 221,239 3,223,692 1,657,087 5,102,018

1955 227,437 3,760,152 3,230,995 7,218,584
1956 234,524 3,837,400 5,366,628 9,438,552
1957 288,509 2,841,265 4,854,799 7,884,573
1958 292,381 3,060,555 2,865,957 5,218,701
1959 129,189 653,127 803,849 1,586,165

1960 102,536 715,602 548,929 1,367,067
1961 105,094 385,745 207,770 69 8,609
1962 52,912 196,606 210,941 460,459
1963 93,047 431,800 1,251,087 1,775,934
1964 121,481 265,433 475,016 861,930

1965 86,756 203,703 282,100 572,559
1966 76,100 107,684 727,513 911,297

DETROIT
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both the Western and Central Basins. Ontario, until recently, had
Only a small fishery with most of the catch coming about equally
from the Western and Central Basins; this fishery became much
more intensive about 1950. Thereafter,  Ontario took increasingly
larger catches, which reached a peak in 1956 that coincided with
a record high production of walleyes in the United States waters
of  the  Wes te rn  Bas in . Catches in all  areas then fell  somewhat
in 1957, declined abruptly in 1958, underwent an equally severe
drop again in 1959, and have remained at a low level since.

This increase of annual catches was offset approximately one
year  in  the  Eas te rn  Bas in  where  the  peak  harves t  was  made  in
1958. This delay, together with data on tagged fish moving east-
ward during the somewhat higher population densities of the mid-
1950’s, leads us to suspect that during some of these years there
was a migration, perhaps one-way, of walleyes from west to east
into regions of lower population density.

To explain what was responsible for the change in catch, and
the effects of the catches on the stock, we must consider changes
in netting material ,  manner of fishing the nets,  changes in total
effort, changes in seasonal distribution of the effort, and changes
in the relative abundance of walleyes. The  g i l l  ne t  f i shery  i s
considered first .

In Table 3, we present data on effective effort and catch per
unit effective effort from 1948 to 1961 for various gears and po-
litical subdivisions of the Western Basin (see Hile, 1962, for cri-
te r ia  de te rmin ing  e f fec t ive  e f for t ) .  We use  these  da ta  more  for
shedding light on the results of improving gear and methods than
on determining walleye abundance. We judge that catch per unit
e f fo r t  f rom Ohio’s  t rap  ne t  da ta  i s  the  l eas t  b iased  of  a l l  the
es t imates  o f  the  re la t ive  abundance  of  wal leyes  fo r  tha t  per iod
when they are vulnerable to the gear. Gill net data on effective
effort  are seriously underestimated for reasons we now outline.

Nylon mesh in gill nets was used experimentally in small quan-
tities by fishermen in Lake Erie in 1948. They compared catches
made with nylon and cotton or linen and generally found nylon to
be several  t imes as efficient as the older materials (Van Oosten,
1949). The relative efficiencies of nylon and cotton nets have been
tested for various fishes by a number of investigators (see e.g. ,
Atton, 1955). For the walleye, nylon was estimated by Atton to be
3.2 times as efficient as cotton in relation to weight of catch with
small mesh sizes (2 in. stretched measure), but only about 1.5 times
as efficient for large mesh sizes (5 in. stretched measure). These
estimates agree closely with other available estimates,  some of
which were cited by Atton. Nylon nets had an additional advan-
tage since they did not require drying between lifts and could be
fished continuously.
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Table 3. Effective fishing effort and catch per unit effort for gill nets, trap nets and pound nets fished in
western Lake Erie (District O-l and OE-1), 1948-61.

(No adjustment made for change in gill net mesh and methods; CPE for gill nets - pounds per thousand yards;
CPE for  other  gear  -  pounds per  l i f t )

Year

1948

1949

4 19 50
0

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

Small-mesh gill nets
Millions of
yds. lifted CPE

2.9 8.4

2.7 10.3

6.8 16.2

10.9 24.7

14.9 37.4

8.7 18.7

12.6 24.4

11.2 63.4

10.2 125.2

14.2 111.1

17.4 42.4

7.8 21.6

15.1 21.6

10.5 11.5

Province
Large-mesh gill nets
Millions of
yds. lifted CPE

1.6 13.6

1.4 59.5

1.6 65.8

2.4 104.2

6.8 61.2

7.2 98.8

7.1 137.0

9.4 221.8

11.0 335.6

11.0 277.6

10.0 192.0

6.1 100.8

2.3 77.8

1.2 55.6

o f Ontario
Pound nets

Lifts in
thousands CPE

8.4 16.4

8.9 18.9

6.1 18.8

4.7 15.7

1.9 18.6

5.4 9.8

3.2 16.2

2.3 20.4

3.4 9.3

3.0 8.1
2.4 3.2

1.5 1.7

1.5 8.3

1.0 2.8

1
Trap nets

Lifts in
thousands CPE
- - - - - -

- - - - - -

0.3 30.0

2.8 48.1

5.9 44.4

5.0 56.7

5.9 55.5

4.4 86.3

6.8 56.9

5.4 37.1

4.5 26.8

2.5 9.1

4.3 5.1

1.9 7.7

State of Ohio
T r a p  n e t s  

Lifts in
thousands CPE

69.7 35.0

82.0 43.6

68.9 44.6

76.0 43.9

76.7 35.3

70.2 51.7

70.7 45.5

53.8 67.1

50.5 67.7

46.8 52.0

41.5 41.2

27.2 15.8

26.2 18.2

65.7 4.3



By 1950, considerable amounts of nylon gill netting were fished
in the Ontario waters of Lake Erie, and the change from cotton to
nylon was essentially completed by 1952. The number of yards of
gil l  nets l icensed in Ontario’s Western Basin during the period
1951 to 1954 was about 25 percent less than that of the preceding
5  years . After 1954, the l icensed yardage increased rapidly to
about twice that of the immediate pre-nylon period and has remain-
ed at approximately that level. Since almost all of Ontario’s gill
nett ing in the Western Basin after 1961 has been with small  and
intermediate mesh, it is apparent that the potential effort had in-
creased about 5-fold between 1949 and 1961, assuming an increase
in net efficiency of 2.5 and a doubling of yardage fished.

Several additional technological changes must be taken into
account. Ontario fishermen re-introduced and gradually elaborated
the technique of floating or “canning” nets near the surface to inter-
cept walleyes and other species that migrated or foraged at inter-
mediate depths. This method was used in the 1940’s (W. B. Scott,
personal communication) and became general in the early 1950’s.
Canning greatly increased the efficiency of gill  nets for catching
walleyes and white bass,  according to all  reports,  but direct  es-
t imates of this increase are lacking.

Whether the amount specified in the license in any way deterred
the fishermen from fishing more gear than that to which he was
legally entitled is not known. No attempt to restr ict  Ontario’s
Lake Erie fishermen to the l icensed amount has apparently been
made since at least 1950. Some reports state that there was, in fact,
no relationship between gear licensed and gear fished about 1950.
In addition to greater quantit ies of large mesh nets fished, there
was a marked increase in the small  mesh nett ing (2-1/2 to 3-1/8
in.) during the 1950’s. Intermediate mesh nett ing (3-1/4 to 4-1/4
in.) was permitted by Ontario in 1962 and subsequent years. The
approximate selectivit ies of these gears are shown in Figure 10.

The estimates presented in Figure 10 were obtained from data
for the walleye taken in randomized sets of a graded, gill net se-
ries in Saskatchewan lakes (courtesy of F.  M. Atton).  The esti-
mates were obtained by using graphical method Number 2 and Type
B se lec t iv i ty  curves  g iven  by  Reg ie r  and  Robson  (1966) .  Da ta
taken  in  s imi la r  manner  in  wes te rn  Lake  Er ie  by  Ohio  a re  no t
sufficiently extensive for both small and large walleyes to permit
the computation of estimates. The Ohio data were sufficient, how-
ever, to perform an informal test of the accuracy of the estimates
in Figure 10. We conclude from this comparison that the selec-
t iv i ty  curves  of  var ious  mesh  s izes  for  the  wal leye  of  wes te rn
Lake Erie would be offset  perhaps 5 to 10 percent to the left  of
those shown in the figure. This difference may be due to a great-
er plumpness of the Lake Erie fish.
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Total  length,  inches

Figure 10. Selectivity of nylon gill nets of various mesh sizes for walleyes.
(Mesh sizes given in inches at peaks of curves; data provided
by F. M. Atton).

Whereas the large mesh sizes (4-1/2 to 5 in.) would normally
take relatively few walleyes under 17 in. (total length), the inter-
mediate meshes (3-1/4 to 4-1/4 in.)  are quite effective in taking
fish down to about 13.5 in.  and the small  mesh nets (e.g. ,  2-1/2
in.) in capturing those down to 11 in. The small  meshes are now
regularly fished for perch but were used extensively during the
1950’s for the walleye; the intermediate mesh, originally intended
for white bass, has come to be known as the “pickerel” (Le., wall-
eye) mesh.

In the 1940’s,  Ontario f ishermen set  large mesh nets in the
Western Basin for walleyes almost exclusively in March, April ,
November, and December. Subsequently, in the early 1950’s these
ne t s  were  “canned”  to  f i sh  near  the  sur face . Fishing was also
extended into the summer since the new nylon gill nets would not
rot . Although the largest share of the gill net catches during the
1950’s were made with large mesh nets, very considerable quan-
tities were taken by small mesh nets. The latter gear was fished
most intensively during the summer.

Since 1962, the new intermediate mesh gill nets (or “pickerel”
mesh) have been used largely in late spring and early fall. The nets
are set to intercept both walleyes and white bass, since the com-
bina t ion  o f  the  two  spec ies  i s  p rof i t ab le .  Unt i l  the  au tumn of
1966, little official concern was expressed over the fact that many
of the walleyes taken by this fishery were small-between 13 and
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16 in. (total length). Fish of this size were much in demand and
were disposed of commercially with little difficulty. In the autumn
of 1966, large numbers of small walleyes were taken by this fish-
ery. The Ontario government tried to enforce the minimum size
limit (14 in., total length) by court action.lO Informal reports indi-
cate that the practice was not halted,  though its scope may have
been reduced. At any rate,  the catches went unreported. Some
informal reports indicate that the actual catch in the autumn of
1966 was about three times the officially reported catch.

Because of the sequence of circumstances outlined, we do not
know how to arrive at reasonable estimates of the effort, in terms
of  t ru ly  comparab le  s tandard  un i t s ,  expended  dur ing  ind iv idua l
years  o f  the  pas t  2  decades . We suggest that in some years in
the 1950’s,  f ishing effort  for walleyes in Ontario was about 50
times greater than in the late 1940’s.

By way of comparison, the effective effort expended by Ohio’s
major gear, the trap net, decreased regularly from a peak in 1949
(Table 3). Technologically, the trap net fishery did not change ap-
preciably during this period. It  remained a spring and fall  f ish-
ery.

Ontario’s pound net  f ishery decreased more or less regular-
ly from a peak in 1949. Conversely,  about 1949, the Ontario trap
net f ishery expanded rapidly to a peak in 1956 but has declined
considerably since then. Even in 1956, Ontario fishermen operated
less than 10 percent of the number of trap nets used by Ohio fish-
ermen in the Western Basin.

The Ohio gill  net fishery also expanded substantially during
the 1950’s. In general, the statements made about gill net fishing
in Ontario apply to Ohio’s operations as well .  Michigan’s small
ca tches  have  been  taken  a lmos t  exc lus ive ly  in  t r ap  ne t s  s ince
1950 .  Other  gea r  used  recen t ly  in  the  Wes te rn  Bas in  (hooks ,
Ohio’s fyke nets,  sturgeon nets, etc.)  have taken few walleyes.
The sport fishery is pursued largely in Ohio waters and the catch
during the past  decade has been almost negligible in comparison
to  the  commerc ia l  l and ings  (Ke l l e r ,  1964 ,  1965) .  Much  l a rge r
catches were reportedly made in the 1950’s, but it seems unlikely
that these would have exceeded more than 5 percent of the commer-
cial catch.

The general picture, then, is one of a walleye fishery dominated
for decades by the Ohio trap netters. Beginning in 1948, a change
to nylon netting, the canning of gill  nets,  increasing amounts of
gear  se t ,  and  a  l a i s sez - fa i re  management  po l icy  permi t ted  g i l l
netters,  part icularly in Ontario, to increase their  effectiveness in

loFrom 1937 to 1954 Ontario’s minimum size limit for walleyes was 15.0
in., fork length, which is equivalent to 16.0 in., total length. In 1954 the
limit was dropped to 14.0 in., total length.
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taking walleyes about 50-fold. Large  ca tches  were  made  for  a
few years. Contemporaneously,  a series of changes occurred in
the abundance of various fish species (smelt, yellow perch, white
bass) in the ecosystem. The walleye population collapsed in 1959
and large walleyes have been scarce consistently since that event.

The “fishing-up” of the walleye

It has been suggested sometimes that the great peak in wall-
eye catches during the 1950’s was due to one or two enormous
year  c lasses  tha t  a rose  as  a  resu l t  o f  unusua l ly  good  spawning
conditions. There is, however, no evidence of exceptionally strong
year classes in samples of walleyes taken from the U.S. trap net
fishery. Instead, this high production appears to be an instance of
“fishing-up” the resource as described by Ricker (1961).

The walleye of western Lake Erie shows the following typical
stages, viz.:

(1) Compared to most earl ier  years,  success of reproduction
appears to have increased greatly during the 1940’s when Ohio’s
catches were gradually increasing;

(2) Growth rate has also increased markedly (Figure 11), pre-
sumably as older fish were removed; and,

(3) Although we have no data demonstrating an improvement in
survival as postulated by Ricker, we believe from indirect evidence
d i scussed  ea r l i e r  tha t  na tu ra l  mor ta l i ty  i s  l e s s  than  10  pe rcen t
pe r  yea r .

Population numbers and mortali ty rates

Currently available data do not yield direct estimates of popu-
lation numbers and mortali ty rates (natural,  f ishing, or total)  for
the walleye population of western Lake Erie.  Commercial catch
statist ics and data from periodic samples of the landings permit
separation of reported catches in various periods into numbers of
fish by age group and year class. These data can then be analyzed
by using catch curve models and methods to yield approximate
measures of total  mortali ty rates (see Ricker,  1958). Table 4
shows the estimated numbers of fish contributed by the 1960 to
1966 year classes to the catches of walleyes in western Lake Erie
in 1962 through 1966. It  proved impractical  to summarize com-
parable information for the years before 1962. The data in Table
4 are not highly accurate because adequate samples of catches
could not be obtained from the many types of gear, fishing areas,
and landing ports in the limited sampling carried out by the agen-
cies involved.
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Figure 11. Mean weight of walleyes of age groups I-III (sexes combined)
insamples of commercial landings taken from the Western Basin,
1943-61.  (From Anon. , 1963; mean weights of similar mid-
autumn samples combined for the entire period 1962-1966 are
given in Table 5 for fish indicated there as I+, II+, and III+.

Suitably detailed data on catch per unit of effort are conven-
tionally used for estimating total mortality by catch curve methods.
We face several difficulties in trying to interpret the catch per
unit  of effort  statistics for western Lake Erie walleyes as meas-
ures of abundance.

A model used frequently to estimate mortality rates of fish
subject to commercial  exploitation for an extended period states
that catch per unit  effort  is  equal to the product of the Poisson
catchabili ty coefficient and the mean population size during the
period in which the catch was made (Beverton and Holt ,  1957,
p. 234 ff.; Regier and Robson, 1967).

First, we note that according to this model catch per unit ef-
fort (whether “corrected” or not) is a function of mean population
size. The greater the proportion of f ish taken out in a particu-
lar season, the further the mean would be from the original num-
ber at  the beginning of the season. Presumably the latter  para-
meter would be of primary theoretical  interest .
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Table 4. Estimated numbers of walleyes of various year classes
caught by the combined fisheries of Ohio, Ontario, and
Michigan in Western Lake Erie, 1962-66.

Catch
in

year 1960

Contribution to catch by year class

1961 1962 1963 1964 1965 1966

1962 19,145 154,940 32,162 -

1963 1,260 189,761 1,644,585 91,770

1964 5,764 42,064 536,173 25,343 1,389

1965 1,076 11,862 197,182 48,967 80,991

1966 0 245 6,815 28,305 157,769 703,4721 Oi

Totals 27,245 398,872 2,416,917 194,385 --- --- ---

*Figures probably seriously underestimated according to rumors of wide-
spread non-reporting of undersized walleyes taken in Ontario waters in
these years .

Secondly, the catchability coefficient depends not only on how
good fishermen are in locating the fish, but also on how the size
selectivity of the gear is related to the length-frequency distribu-
tion of the species taken. Thus, the catchability of 3-in. gill nets
for 15-in.  long walleyes would be much higher than for 10- or
20-in. walleyes. The year-to-year catchability coefficient of 3-in.
mesh would vary with the size-frequency distribution, the latter
depending to some extent on the history of exploitation suffered by
the individual size classes present.

It would be possible to simulate a particularly well-understood
fishery, in which only year-class strength and amounts of gear
fished varied from year to year, on an electronic computer to pro-
vide some idea of the functional relationship of catch per unit ef-
fort  to abundance. This we have not attempted for i t  appears to
us that  annual catch alone as l isted in Table 4,  uncorrected for
effort ,  is  as acceptable a statist ic for the estimation of mortali ty
rate as any that we might derive from available data. The explicit
assumption that walleyes have been in sufficient demand in recent
years to cause a constant high effort to be expended against them,
would also permit direct  use of catches as l isted in Table 4 for
es t imat ing  to ta l  mor ta l i ty  ra tes  f rom ca tch  curves . In adopting
t h i s  a p p r o a c h ,  w e  a r e  s i m p l y  b e i n g  p r u d e n t  a n d  r e a l i s t i c  w i t h  r e -
spect to adequacy of data,  suitabili ty of model and method, and
reliabili ty of the resulting estimates.
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Catch curve analysis of the data in Table 4 indicates that to-
tal  mortali ty rates for walleyes in the period 1962 to 1966 have
averaged about 50 percent per year for yearl ings and about 80
percen t  pe r  year  fo r  o lder  f i sh . We are  reasonably  conf iden t
that mean natural mortality of western Lake Erie walleyes older
than 1 year has been less than 10 percent per year in recent years.
We assume a figure of 10 percent for further discussion.

If we use the simple model of independent mortality factors
(Ricker, 1958, Equation 1.7), mean fishing mortality rates are es-
t ima ted  as  44  ( l imi t s  33  and  55)  pe rcen t  fo r  yea r l ings  and  78
(limits 67 and 89) percent for older f ish. The stated l imits as-
sume the 10 percent natural mortality estimate, in the absence of
other mortali ty factors,  to be precise.

The “virtual population" estimates for the 1960 to 1963 year
classes were about 25,000; 400,000; 2,500,000; and 200,000 fish,
respectively. The 1962 estimate of 2.5 million is not much below
the previous record year class of 1952 that  provided about 3.5
million fish. The latter estimate is obtained from Table 5 of Anon.
(1963) in which about 3.0 mill ion walleyes are estimated from
data derived from 85 percent of the catch in the period 1953-59.
The estimate of 25,000 fish for the 1960 year class is of the same
order of magnitude as the 1957 and 1958 year classes;  al l  three
are much lower than any other year classes since 1941. We have
suggested reasons for such small  year classes in a previous sec-
tion; in a nutshell ,  we implicate low numbers of spawners,  high
numbers of predators (small yellow perch, smelt, white bass), and
degradation of some spawning areas.  That the lake is not yet too
eut rophic  for  the  wal leye  can  be  in fe r red  f rom the  s ize  of  the
1962  yea r  c l a s s ,  i t s  g rowth  ra t e ,  and  the  p robab le  low ra te  o f
natural mortality.

Production dynamics

We can investigate the possible effect of different fishing re-
g i m e s  ( s c h e d u l e s ,  q u o t a s ,  m i n i m u m  s i z e  l i m i t s ,  .  .  .  )  o n  p r o d u c -
t ion if  we have measures of individual growth rate and mortality
rate. We must also consider the possibility that different fishing
regimes may affect the various interactions which tend to stabilize
the ecosystem.

The mean size of members of different age groups taken by
t h e  f i s h e r y  i n  t h e  1 9 6 2  t o  1 9 6 6  y e a r  c l a s s e s  i s  g i v e n  i n  T a b l e  5 .
For this discussion, we assume that these figures indicate growth
rate. We expect true growth rate is overestimated at age I+ and
II+, and is underestimated somewhat,  thereafter,  because of gear
selectivity. Our assumptions here, and in what follows, are “con-
servative” with respect to the conclusions we will draw.



Table 5. Mean weight of walleyes of various ages in samples of
commercial landings taken in 1962-1966. Data opposite
I, II, . . . . , apply to mid-spring; those opposite I+, II+,
. . . . , apply to mid-autumn. Assumed mean weight of
fish used in models given in extreme right column.

Age
Number Mean weight
of fish (lbs.)

Mean weight
used in models

(lbs.)

I+ 1138
II 1427

II+ 237

III 506

III+ 41

IV 103

IV+ 1
V 32

v+ 3

VI 25

VI+ 1

VII 27

VII+ 0
VIII 33

1.14

1.19

1.89

2.11

2.81

3.09

2.30

3.80

6.20

4.96

4.30

6.87

8.54

1.15

1.20

1.90

2.10

2.80

3.10

3.55

3.70

4.20

4.60

5.00

5.40

6.10

6.50

If the fishery allowed the walleye population to increase (as-
suming the ecosystem would tolerate an increase), then the growth
rate of the walleyes could be expected eventually to decrease due
to intraspecific competition. We do not know what the growth rate
would be under more moderate fishing pressure. For all  of our
models we have assumed a more moderate growth rate for V+ and
older walleyes than actually observed; these assumed data arelisted
in Table 5 (right column).

Fol lowing  a re  the  de ta i l s  o f  our  models :  We assumed a  5
percent natural mortality for each of the half-year periods of mid-
spr ing  to  mid-au tumn,  and  mid-au tumn to  mid-spr ing ,  fo r  ages
beyond II. We have taken fishing and natural mortality as acting
in sequence, not simultaneously. This greatly simplifies the cal-
culations and does not introduce serious problems of interpreta-
tion, especially since the natural  mortali ty rate is  assumed to be
so low and the major fishing periods are in fact of relatively short
duration. We have further assumed that all  f ishing occurs at  a
point in time at mid-spring and another at mid-fall. Again the sim-
plification is not excessive,  when compared with reali ty,  in i ts



effect on production estimates.
Table 6 shows the estimates of yield by a year class of wall-

eyes based on the model described above. The initial  size of the
year class is taken as 3,000,000 yearling (age I) fish in mid-spring.
Various fishing mortality schedules are used and the total number
of walleyes and their  total  weight are calculated where all  para-
meters have been maintained exactly as in the model.

The first line in Table 6 provided a sequence of annual catches
that resembled closely those of the actual 1962 year class.  (The
ca tch  curve  da ta  sugges t  tha t  th i s  l a rger  year  c lass  su f fe red  a
higher fishing mortality than some of the smaller year classes.)
Under a fishing intensity that removed 60 percent of extant mem-
bers each spring and fall ,  with the harvest  beginning in the fall
on the yearlings,  this year class would yield about 2.76 million
walleyes having an aggregate weight of 3.58 million pounds. Over
1,000,000 pounds would be harvested during each of the f irst  2
years (as yearlings and 2-year-olds). By the third year the catch
is  about  300,000 pounds,  i .e . , less than the 500,000 pounds indi-
cated in the table.

The  four th  l ine  in  Tab le  6  shows  the  y ie ld  under  average
fishing conditions in the period 1962-66. The fishing is  less in-
tense  and  the  to ta l  y ie ld  i s  somewhat  more  spread  ou t  in  t ime .
The total  yield is about 21 percent higher than that of the first
line.

Biologists working on western Lake Erie have recommended
repeatedly during the past several years that the fishery allow the
fish to become 17 in. (total length) before harvesting and that fish-
ing intensity be limited. Female walleyes currently reach 17 in.
at about the end of their third year; at that length and age approxi-
mately 50 percent are mature (unpublished U. S. Bureau of Com-
mercial  Fisheries data) . The last three lines (5, 6, and 7) in Table
6 give estimated yields under such conditions. In these examples,
we have shown the fishery commencing with the harvest of 4-year-
olds (age-group III)  at  semi-annual intensit ies of 70,  50,  and 40
percent .

We note that delaying fishing until the walleye reaches age III,
even if  the intensity be increased somewhat,  yields substantially
more fish by weight (though smaller numbers).  The advantage is
increased  fur ther  i f  the  f i sh ing  in tens i ty  i s  decreased  fur ther .
Thus, we estimate that if  f ishermen had restricted fishing of the
1962  year  c lass  to  wa l leyes  o f  17  in .  long  or  longer ,  and  had
taken only 40 percent of the available fish at  each semi-annual
interval, they would have landed, in total, about 73 percent more
pounds of walleyes than they actually did.

We did not continue the model further because we expect that
growth  ra te  would  s low somewhat  a t  f i sh ing  in tens i t i es  o f  l ess





than 40 percent each spring and fall. We would, however, expect
the relative advantage of diminished fishing to continue to some-
what lower levels of intensity than shown in the last  l ine (7) of
Table 6.

We believe that the effects of diminished fishing intensity for
walleyes w o u 1 d reverberate throughout the ecosystem. Yellow
perch, white bass and perhaps also sheepshead would become some-
what less abundant as a result of predation, would grow more rap-
idly, and the strength of successive year classes would not fluc-
tuate as violently. We expect, however, that the impact of a con-
s iderab le  reduc t ion  in  the  in tens i ty  of  the  f i shery  for  wal leyes
would make itself evident primarily among the walleyes themselves
and that other species would not be drastically affected by preda-
tion.

Regulations and management policies, past and present

The Michigan and Ohio commercial fishery regulations have
been enforced rather closely at  least  since about 1945. One rea-
son for close enforcement was the domination of the fisheries in
the Western Basin by trap netters who were polit ically effective
in maintaining regulations that they considered in their best long-
term interest . In Ohio, these regulations had been in effect since
the early 1930’s and included the following: (1) nets could not be
set on a reef at any time of year; (2) a closed season was in ef-
fect between December 31 and March 15 of each year; and (3) the
minimum legal size for walleyes was 13.0 in. (total length). Ohio
regulations were conservative with respect to technological inno-
vations. Gill  nett ing was tolerated in the Western Basin,  when
trap netters were in control,  only as long as gil l  nets remained a
minor gear. A second reason for close enforcement was the in-
creasing interest  of anglers in the walleye of western Lake Erie,
particularly as a result  of the high catch rates enjoyed by many
during the early 1950’s. When walleyes became largely unavail-
able in the late 1950’s, anglers intensified a political campaign to
place further restrictions on the commercial  f ishery which they
held partially responsible for the “collapse” of the walleye popu-
lation. In January 1966, Ohio eliminated the closed season, raised
the minimum legal size limit for walleyes to 15.5 in. (total length)
and set  mesh and area restrictions as follows: (1) Gill net mesh
s izes  o f  l e s s  than  4 -1 /4  in .  s t r e t ched  measure  were  p roh ib i t ed
west of a line extending northward from Huron, Ohio, except be-
tween May 10 and June 30; (2) the setting of gill nets of less than
4-1/4 in. stretched measure within one-half mile of shore was pro-
hibited in all  Ohio waters east  of Huron, Ohio at  all  t imes; and



(3) fishermen were restricted from all  f ishing within one-fourth
mile of all  legally designated reefs and islands between March 1
and May 9.

Ontario’s Lake Erie fishermen were given gradually increasing
freedom to fish as they liked beginning about 1914, and by 1950 the
fishery was relatively unregulated. Almost complete freedom ex-
isted in 1965, informally if not officially, except that commercial
catch statist ics had to be submitted on schedule. The fishermen
tended to be rather jealous of territorial encroachment from other
ports and periodically demanded that  the relevant regulations be
enforced.

It appears that Ontario’s extreme liberalization of regulations
on Lake Erie and lack of interest in enforcing the remaining ones
developed from the views of certain advisors and also from the
wishes of the larger,  technologically advancing, fishery interests
along the Ontario shore. The recommendation of one advisor given
in 1962 with explicit respect to managing the walleye of western
Lake Erie was “to fish the hell  out of them.” Though Ontario’s
Lake Erie investigators objected immediately to this view, quoting
an analysis of production by Regier (1962) similar to that given in
Table 6,  a laissez-faire att i tude became more firmly entrenched
judging from subsequent action, or rather lack of action.

In the autumn of 1966, the first  step back toward regulation
in Ontario’s western Lake Erie waters was taken with a largely
unsuccessful attempt to restrict  the capture of legally undersized
walleyes. This move was followed in the spring 1967 with a trial
closed season of a month during the walleye spawning season, to
which the fishermen acquiesced since there was little prospect of
an economically worthwhile catch at this time.

It may be pertinent here to refer to responses, involving bio-
logical principles, that characteristically were made to appeals by
concerned fishery biologists that the walleye be granted some pro-
tection to permit populations to build up. One type of response was
based on views that it was unlikely that a fishery, even if intensive,
would act to impair seriously reproductive success and, ultimately,
future harvests. Several examples where small “relict” populations
had given rise to enormous year classes were referred to as con-
vincing evidence of this view. We have discussed in some detail
the concepts from which the above viewpoints derive in previous
sections and find them inappropriate to the walleye in the Lake
Erie ecosystem. We know of no multi-species fisheries and eco-
systems in which they are appropriate.

The literature contains, so far as we know, no closely argued,
general attack from a biological viewpoint on a thorough-going
laissez-faire att i tude towards fish harvesting.  That such an ap-
proach is likely to be economically inefficient and socially disrup-
tive,  even if  the ecosystem remains essentially intact,  has been



adequately demonstrated by Crutchfield and Zellner (1963) and others.
Other than for short-run and selfish reasons,  we know of no ex-
ponents of unregulated, laissez-faire methods (that recognize essen-
tially no property rights) for managing any other organisms (e.g.,
ea r thworms ,  mammals ,  b i rds ,  fo res t  t r ees ,  f ru i t  t r ees ,  ce rea l s ,
etc.).

We suggest that the reasons underlying Ontario’s recent policy
of permitting essentially unregulated fishing in western Lake Erie
are  an  un jus t i f i ed  re l iance  on  h igh  fecundi ty ,  a  l ack  of  appre-
ciation for the technological sophistication of fishermen, confusion
as to the effect of changing environmental conditions (other than
man’s exploitation),  and failure to perceive the role of the fish
predator in i ts  ecosystem. If, instead of the first misconception,
we substi tute “unjustified reliance on a large hatchery program”
then these four misconceptions can be blamed for the failure of
Michigan and Ohio, particularly Ohio, to maintain essential control
over their fisheries about 8 decades ago. We have suggested al-
ready that the failure to do so led to the marked fluctuations in
herring and blue pike populations at  that t ime. The fact that few
“technological improvements” were made in Ohio’s fishing methods
after about 1930 may be the reason that the fisheries for the var-
ious species persisted as long as they did.

In short, it is clear that some government regulation is essen-
tial if the walleye fishery of western Lake Erie is ever to recover
even a measure of its former importance. On the other hand, we
do not expect to see again walleye fishing success of the magni-
tude that occurred in the middle 1950’s. We believe that some of
the factors that contributed to those years of plenty have become
modified and now act to limit the walleye population, as we have
discussed in a preceding section.

Pollution and pollution abatement

Finally,  we must consider the practical  consequences to the
walleye of either intensified pollution or effective pollution abate-
ment in western Lake Erie. Farming practices are becoming in-
creasingly efficient with relatively li t t le loss of phosphates and
n i t r a tes  to  r ive r s  and  l akes . This  s ta tement  now holds  in  the
western Lake Erie drainage area,  judging from the work of Har-
low (1966). Progress in both water and air  pollution abatement
is (reportedly) imminent.  The Western Basin does not have the
essential  l imnological characterist ics of a sewage sett l ing basin.
It is flushed by a large volume of relatively infertile water (aside
from the pollutants) with a flushing time of about 2 months and
would respond to reduced pollution more rapidly than the other
lake basins.
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The view propagated implicit ly and explicit ly in the press in
recent years by some persons in agencies with responsibilities on
the Great Lakes,  that  once a lake becomes polluted i t  is  “dead,”
i s  s imply  wrong . We are optimistic about humanity’s ult imate
intelligence in reducing pollution, initiating the partial recovery of
Lake Erie from its present i l lness,  and returning the walleye to
moderate abundance. We find reassurance in the experiences of
some European agencies that have attacked the problems that re-
sult from enrichment and exploitation with considerably more vig-
o r  and  success  than  have  the i r  coun te rpa r t s  in  Nor th  Amer ica
(see e.g., Niimann,  1967).

Similarly, we reject as visionary and unnecessary the sugges-
tion that Lake Erie produce 124 million pounds of fish annually
by giving it over to the production of fish protein and by-products.
Under such a policy, predators like the walleye, perch, white bass,
. . . . should be eradicated. This latter suggestion obviously col-
l ides head-on with the objective of the agencies sponsoring this
study, i.e., to find a way of maintaining the walleye stocks.
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