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INTRODUCTION

Because of recent changes in populations of Great Lakes’ forage fishes, the Council
of Lake Committees sponsored a plenary session on predator-prey issues held at the 1985
joint meetings of the Upper Lakes and Lake Erie Committees. Ten papers covering a
spectrum of topics including changes in predator and prey stocks, indicators of changes in
stocks, and management implications were given and are provided here with the
permission of the authors. In addition, a follow-up, overview paper on recommendations
for management was presented to the Council at their 1985 meeting, and it, too, is
included in this record. The Council and myself take this opportunity to thank the
contributors for participating in the session and for making possible this publication.

R. L. Eshenroder
8 August 1985
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COUNCIL OF LAKE COMMITTEES PLENARY SESSION

PREDATOR-PREY ISSUES IN THE GREAT LAKES

Ann Arbor Inn
Ann Arbor, Michigan

20 March 1985
8:30 a.m. to noon

(held in conjunction with the Lake Erie
and upper Great Lakes Lake Committee Meetings)

AGENDA

8:30 a.m. Introduction (R. Eshenroder)

I. Abundance of prey fish species during periods of low and high
predator abundance

8:45 a.m.

9:15 a.m.

A, Cold water community

1. Lake Superior (J. Selgeby)

b. chubs
lake herring

C . smelt

2. Lake Michigan (L. Wells)

a. chubs
b. alewife
C . smelt
d. shiners
e. sculpins
f. perch

B. Warm water community

1. Western Lake Erie (K. Muth)

a. shiners
b. alewife
c. gizzard shad
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9:30 a.m. A. Cold water community

10:00 a.m.

II. Predator responses to increased predator abundance or decreased
prey abundance or qualitative changes in prey fish

1. Lake Superior (T. Busiahn)

a. lake trout
b. Pacific salmon

2. Lake Michigan (D. Jester) (not available)

ii:
lake trout
Pacific salmon

B. Warm water community

1. Western Lake Erie 6. Nepszy)

lo:15 a.m. COFFEE

a. walleye

lo:30 a.m. III. Implications of fish
(T. Busiahn/J. Kitchell)

community changes for management

A. Establishment of issues

B. Development of fish community goals

11:00 a.m. IV. Indicators of the status of predator-prey systems

A. Cold water community (L. Crowder)

B. Warm water community (K. Muth)

11:30 a.m. V. Effecting a policy: institutional arrangements for allocating the
resource (J. Paine, R. Lange, and one other)

RLE
5 November 1984
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James H. Selgeby
U.S. Fish and Wildlife Service
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Population trends of Lake Herring (Coregonus artedii)

and Rainbow Smelt (Osmerus mordax) in U. S.

l/ ywaters of Lake Superior, 1968-84 -

Lake herring (Coregonus artedii) once supported the largest commercial
harvests of any Great Lakes species (Great Lakes Fishery Commission, 1979)
and were a major forage of large lake trout in Lakes Superior and Michigan
(Dryer et al. 1965, Van Ooste, and Deason 1938). Herring populations in
U. S. waters of Lake Superior declined sharply in the 1940s (Minnesota),
1950s (Wisconsin), and 1960s (Michigan). Commercial harvests of herring
declined from over 8 million Kg in 1941 to 140 thousand Kg in 1977 (GLFC
1979). As herring declined, rainbow smelt (Osmerus mordax) supplanted them
as the major forage of salmonid predators (Dryer et al. 1965, unpublished
data GLFL, Ashland).

Rainbow smelt apparently entered Lake Superior in the early 1930s
(Hale 19601, but did not become commercially abundant until 1952 (GLFC 1979).
Smelt abundance likely increased through the 1950s and early 1960s (Selgeby,
MacCallum, and Swedberg 1973).

During the later 1970s, herring and smelt populations in U. S. waters of
Lake Superior changed markedly. In this report, I document changes in herring
and smelt populations in 1968-84 and examine several hypotheses that have been
offered to explain those changes.

Methods

Estimates of abundance and year-class strength were developed from gillnet
and trawl assessment surveys conducted by the GLFL, Ashland, Wisconsin. Indices
of abundance are based on catch per unit of effort in assessments that have
been maintained as uniform as possible. Where changes in assessment techniques
or equipment were necessary, appropriate weighting factors were generated to
adjust previously calculated CPEs.

Changes in Lake Herring Abundance

Abundance of adult lake herring declined from an index level of 3.1 in
1968 to 0.6 in 1978 and 1979, and increased sharply to 6.5 in 1984 (Fig. 1)
based on gillnet catches at numerous locations in U. S. waters. Increasing
abundance of herring was noted first in Wisconsin and western Minnesota waters
and later in Michigan waters. In Wisconsin an 11-year-long trawl survey
(1974-84) revealed that abundance of adult herring began to increase in 1978
(Fig. 2) and increased sharply in 1980-84.

Catches of young-of-the-year and yearling herring were almost nil lakewide
in 1961-72 but in the fall of 1973, we caught a number of young-of-the-year
herring and that year class was measurable as yearlings in 1977 (Fig. 3).

1/ Report to: Council of Lake Committees Plenary Session --
Ann Arbor, Michigan
March 20, 1985

L/ Compiled by: James H. Selgeby
U. S. Fish and Wildlife Service
Great Lakes Fishery Laboratory
Ashland Biological Station, Ashland, Wisconsin



Measurable herring year classes of varying strength have been produced in the
Apostle Islands region each year since 1973 of which the 1976 and 1978 were
the strongest. The relatively strong 1976 year class in the Apostle Islands
region was not seen outside the Island region but the 1978 year class was
strong along the entire U. S. shoreline (Fig. 4) and it was that year class
that led to the lakewide increase in adults in 1980 and 1981. The 1980 year
class was indexed as strong lakewide and extraordinarily strong in western
Wisconsin. Accumulation of adults of the 1978-81 year classes resulted in
the rapidly increasing adult population seen in 1983-84. A strong 1983 and,
based on preliminary observations of young-of-the-year, an unusually strong
1984 year class should lead to continuing increases in adult herring stocks.

Changes in Rainbow Smelt Abundance

Abundance of adult smelt declined sharply from an index level of about
4.5 in 1968-70 to 1.2 in 1975, recovered to over 3.0 in 1977-79 and declined
to less than 1.0 in 1981-84 (Fig. 1). Although no single data series is
available to measure the smelt population increase in the 1950s and 1960s,
examination of several discontinuous series suggests that the abundance seen
in 1968-70 is the highest level smelt attained in Lake Superior and abundance
in 1977-79 was probably comparable to or higher than that in the mid 1960s.

Examination of 11-year-long smelt population trends in the Apostle Islands
region (Fig. 5) revealed substantial changes in abundance, biomass, and average
size. Abundance was high in 1974, largely due to a very strong 1973 year class.
Weaker year classes in 1974-78 resulted in reduced abundance from the 1974
level but mortality rates were low (average annual mortality in 1975-79 was .64,
range .62-.68) and as adult smelt accumulated, biomass and mean size increased.
In 1980, abundance, biomass, and mean size plummeted as adult smelt were
sharply reduced. Mortality increased to .80 in 1980-82 and year classes were
relatively weak. In 1984, abundance increased sharply due to the presence of
an exceptionally strong 1983 year class. Lakewide trends in abundance and
biomass were similar to those seen in the Apostle Islands region (Fig. 61.
The timing of smelt declines varied in the different areas of the lake. It
may have occurred first in western Michigan since abundance and biomass were
both very low when we first sampled there in 1978. The major declines were
in 1980-81 in eastern Michigan and Minnesota and in 1979-80 in Wisconsin.

In 1984, abundance was higher than in 1978 lakewide due to sharply increased
abundance in eastern Wisconsin and all of Michigan except Whitefish Bay. That
increase was entirely due to the presence of a very strong 1983 year class.
Abundance remained much lower than in 1978 in Whitefish Bay and western Wisconsin
and somewhat lower in Minnesota. Biomass in 1984 was lower than in 1978 in
all areas except western Michigan because the abundant one-year-old smelt
were still small and was only four to five percent of 1978 levels in western
Wisconsin and Minnesota. If the 1983 year class persists, smelt may recover
from 1980-83 levels, but if high mortality continues the year class may be
rapidly eliminated.



Possible Causes for Changes in Herring and Smelt Populations

I can document no major disease or stress induced die-offs that could
account for the large and rapid declines of smelt in Lake Superior. Declines
occurred in all areas of U. S. waters, and although less well documented,
apparently in Ontario as well, yet no reports of die-offs were received. In
the Apostle Islands region of Wisconsin, an area heavily used by commercial
and sport fishermen and recreational boaters, campers, and sightseers, over
one million pounds Of smelt disappeared between the springs of 1979 and 1980
yet no reports were made of dead smelt floating or on beaches.

Contrasting changes in smelt abundance with that of total predator abundance
(Busiahn 1985) suggests that the relatively small increase in total predator
abundance after 1979 cannot account for the extremely rapid decline of smelt
documented in 1979-81. However , after the major declines Of smelt had occurred,
smelt mortality increased, probably due to continued rather intensive predation.
Age composition of smelt stocks changed as high mortality persisted. Five
and six year old Smelt were common in 1978 and 1979 but nearly absent in 1981-83.
Four, five, and six year old smelt made up 40% of total smelt biomass in 1979,
24% in 1980, 13% in 1981, and 10% in 1982-83. These changes were a result of
high mortality and likely caused by continuing predation. The continuing
predation on smelt, documented in a study of nearly 1,500 predator stomachs
in 1981-82 and substantiated by numerous observations in U. S. and Ontario
waters, despite low smelt abundance, has been one of the unusual observations
during the last several years. Lake trout, in particular, have continued to
eat smelt even though the smelt were very small and, in some instances, scarce.
The first evidence of diet shifts from smelt to he rring occurred in late 1984.
Herring were found in lake trout stomachs in western Michigan waters in late
summer and in western Minnesota waters in the fall.

Comparisons between trends in abundance of lake herring and smelt once
again suggest some degree of interaction between the two species. Previous
studies have shown that smelt prey on herring larvae (Selgeby, MacCallum, and
Swedberg 1978) and changing levels of smelt predation night be presumed to
affect year class strength of lake herring. However, strong year classes
of herring were produced in the Apostle Islands region in 1976 and lakewide
in 1978 during a period when smelt were likely at the second highest level
of abundance they ever achieved and weak herring year classes were produced
in 1981 and 1982 when smelt were very scarce. Changing levels of smelt abundance
do not appear to explain the varying success of herring reproduction.
Preliminary examinations suggest that the 1973 herring year class, which was
apparently much stronger than those produced during the previous decade,
initiated a process that corrected the extreme sex ratio imbalance in the adult
herring population (8 or 9 females: 1 male) and sex ratios reverted toward 1:1.
I believe that the succession of strong herring year classes in 1976-1983 is
due to the development of increasingly effective spawning stocks. Continuing
examination of lake herring data nay suggest additional or different conclusions.



Figure 1. Index of abundance of adult smelt (solid line)
and herring (broken line) in index gillnets in U. S.
waters of Lake superior.



Figure 2. Abundance of adult herring in the Apostle Islands
region 1974-84, as measured in spring cross-contour trawling
assessments.





F i g u r e  4 . Index of year-class strenath of lake herring in U.
waters of Lake Superior, 1977-83.





Figure 6. Abundance (NO/llA,  solid line) and biomass (KG/HA, broken
line) of rainbow smelt in U. S. waters of Lake Superior, as measured
in spring cross-contour trawling assessment.
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CHANGES IN LAKE MICHIGAN’S PREY FISH POPULATIONS WITH

INCREASING SALMONID ABUNDANCE, 1962 to 1984

LaRue Wells

Abstract

Along with dramatic increases in salmonid populations in Lake Michigan
during the last two decades
occurred.

, striking changes in prey fish populations have
Alewives increased to great abundance in the mid 1960's, suffered

an enormous dieoff in 1967, recovered partly in the early 1970’s, then
fluctuated to low levels in 1982-84. According to some biologists the recent
decline resulted from salmonid predation, but according to others it was
due in considerable degree to adverse thermal conditions. Several species
(smelt, chubs, deepwater sculpins, yellow perch, and emerald shiners) declined
to low levels in the mid 1960's, apparently as a result of interference with
their reproduction by the abundant alewife; then (except for the shiner)
recovered in varying degrees as the alewife declined. Slimy sculpins
decreased more or less steadily after 1971, evidently as a result of salmonid
predation.

If alewives decline further and remain scarce permanently, the forage
base for salmonids will probably consist mainly of abundant chubs and smelt.
This forage supply should support large populations of salmonids, provided, of
course, these predators substitute chubs for alewives in their diet.

The dramatic buildup of Lake Michigan's salmonid (more accurately,
salmonine) populations in the last two decades has received wide public
attention. As recently as the early 1960’s salmonids were virtually
non-existent in Lake Michigan, but that situation began changing rapidly in
the mid 1960's with large plantings of lake, steelhead, and brown trout, and
coho and chinook salmon. The salmonid populations that have resulted from
these plantings have generally not been measured directly, but changes in
stocking rates probably provide a rough index of changes in their abundance.
On that basis, the abundance of salmonids in Lake Michigan has climbed more
or less steadily since 1965 (Fig. 1). Total salmonid plantings increased from
an annual average of 3.4 million during 1965-68 to 8.6 million during 1969-72,
12.1 million during 1973-77, and 15.4 million during 1978-84. In all, about
215 million salmonids have been stocked in Lake Michigan in the last two
decades.

. 15



Along with these increases in salmonids, striking changes have occurred
in prey fish populations. Some of the changes in prey obviously were not
related to the salmonids, whereas others may have been. In this report I
discuss the shifts in abundance of the different forage species and present my
opinions, and in some cases those of others, as to the reasons for the
changes. (The discussion pertains only to Lake Michigan proper, i.e. the lake
exclusive of Green Bay.) In respect to the salmonids' primary prey species, I
make special reference to the possible role of predation in the changes, I
used 1962 as the beginning year for my analyses because that is the first year
in which data on prey species were systematically collected.

Methods

The estimates of changes in abundances of prey species are based mainly
on the results of fall bottom-trawl surveys conducted by the U.S. Fish and
Wildlife Service each year 1962-84. Curing the surveys, samples were taken at

e or more index stations. The number of
(Saugatuck) in 1962-66, to four, (all in the

luding Saugatuck) in 1967-72, and finally to
plus four in the north) in 1973-84.

a standard series of depths at on
index stations increased from one
southern part of the lake and inc
eight (the four southern stations

The catch statistics used in this report to describe trends in abundance
of prey fish differed according to species. Space limitations prevent a
detailed description of those differences. Briefly, however, the trends for
chubs and deepwater sculpins were derived simply from changes in average
numbers in the survey catches; and for alewives, smelt, and slimy sculpins
they were derived partly from changes in average numbers in the catches
(earlier years) and partly from changes in estimated biomasses (as determined
from the catches). Shifts in abundances of yellow perch and emerald shiners
are described only in general terms.

Changes in Abundance of Primary Prey Species

The species in this section make up the bulk of the diet of salmonids in
Lake Michigan. They are discussed in order of present importance in the diet.
However, the food habits of salmonids have been changing in recent years, and
the order of importance of the different prey species could shift in the
future.

Alewives
The alewife, first reported in Lake Michigian in 1949, had increased to
extraordinary abundance by the mid 1960's, then declined abruptly in 1967
(Fig. 1). A partial recovery in the early 1970’s was followed by a sharp
decline in the mid-1970's. After another partial recovery, alewife
populations descended in 1982-84 to their lowest levels since sampling began
in 1962.

The decline of alewives in 1967 resulted from an enormous dieoff;
salmonid numbers were still relatively small and predation on alewives must
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have been minimal in relation to their population size. Increasing numbers of
salmonids in the early 1970's did not prevent alewives from making a partial
recovery, although they may have dampened it.

The extent to which the generally lower abundance of alewives after the
mid 1970's is related to salmonid predation has become the subject of
controversy. Kitchell and Crowder (in press) attributed mast or all the
decline, particularly that after 1981, to salmonid predation. On the other
hand, Eck and Brown (in press) believed that adverse thermal conditions were
the chief cause of the diminished alewife populations after the mid 1970's.
Eck and Brown, whose estimates of alewife abundance and productivity were much
higher than those of Kitchell and Crowder, contended that throughout the
1970’s alewives were abundant enough to provide forage for more than twice the
existing salmonid populations, and that therefore predation could not have
been the primary factor in the decline. Using heating degree days recorded at
Muskegon, Michigan, as an indirect measure of the thermal environment of Lake
Michigan, they concluded that in nearly all years during 1977-83 Lake Michigan
was colder than the normal for the period 1949-83, and postulated that this
colder environment caused high overwinter mortality of young. Eck and Brown
did, however, concede that salmonids may have hastened the decline by
continuing to prey heavily on alewives while low temperatures were limiting
recruitment. Even if adverse thermal conditions did trigger the decline, I
think it fairly safe to assume that predation by salmonids would at least slow
the progress of any future recovery of alewife populations.

Rainbow smelt
Rainbow smelt began a decline in 1962 (or earlier) that led to extremely

low levels of abundance in the mid 1960’s, then their populations gradually 
recovered in the late 1960's and early 1970's (Fig. 1). Their abundance did
not change much from 1973 to 1980, but increased substantially in 1981 and
1982. Marked declines in 1983 and 1984 reduced populations to levels somewhat
below those of 1973-80.

Salmonid predation obviously had not affected smelt populations noticably
through 1982. The sharp decline in smelt abundance in the mid 1960's started
before the salmonid stocking had begun , and the increase in 1981-82 occurred
at a time when salmonid populations had reached high levels. In regard to the
decline in the mid 1960’s, the assumption that it was a lakewide event could
be questioned, because the evidence for its occurrence came from sampling in
only the southern part of the lake, which usually contains only a small
portion of the lake's total smelt population. However, strong evidence for
the decline is provided by the commercial catch , which decreased drastically
in the mid 1960’s. Smith (1970) noted the drop in commercial catches and
believed that the alewife was responsible for the scarcity of smelt, but
thought that in general smelt are not as strongly affected by alewives as are
some of the other Great Lakes species --and I agree with him on both points.

The rather substantial decrease in smelt abundance in 1983 and 1984
suggests that the recent partial substitution of smelt for alewives in the
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diet of salmonids has begun to depress the smelt populations. The decline,
however, was in my opinion related simply to normal fluctuations in year-class
strength. Reproduction of smelt (based on catches of young-of-the-year in
fall dropped 16% in 1982 and an additional 47% in 1983--decreases that would
be expected to be reflected in the adult populations in 1983 and 1984,
respectively. A rather heavy dieoff of smelt that occurred in the northern
part of the lake in the spring of 1984 might also have contributed to the
sharp decrease in abundance that year.

There is no certainty, of course, that smelt would not be affected by
greatly increased predation on them, such as mioht result indirectly from
further declines in alewives. It should be remembered, however, that smelt
became established in Lake Michigan in 1923 and proliferated extremely rapidly
during the next two decades, despite the presence of a considerable abundance
of lake trout.

Slimy Sculpins
Slimy sculpins populations fluctuated without trend from 1962 to 1971,

but decreased more or less steadily thereafter (Fig. I). Average abundance
during 1982-84 was only about 10% of that during 1962-72.

The most logical explanation for the decline in slimy sculpins seems to
be predation by salmonids--specifically by lake trout, inasmuch as the other
salmonids eat few sculpins. The persistance of the decline may cause concern
that the slimy sculpin is in danger of disappearing from Lake Michigan, but
any such fears are probably premature. Although unquestionably scarcer than
they formerly were
indicate.

, slimy sculpins may be more abundant than the trawl data
Eck and Wells (manuscript in preparation) reported that slimy

sculpins were often common in stomachs of lake trout caught in areas where
trout catches indicated that (at the time the trout were caught) few if any
sculpins were present. This apparent anomaly probahl!!  relates to the low
daytime vulnerability of the sculpins to the trawl. Brandt (1978) showed that
in standardized trawl tows, catches of slimy sculpins may be 10 times as large
at night as in daytime, presumably because these fish are more active (i.e.
less tightly on bottom, and thus more vulnerable to trawls) at night than in
daytime. In assessing the probability that predation will eventually
exterminate the slimy sculpins in Lake Michigan, it should be borne in mind
that this prey species apparently existed in at least reasonable numbers when
native lake trout were abundant. No direct measurement of sculpins
populations in that period were ever made, but Van Oosten and Deason (1938)
reported that slimy scuplins were common in the diet of lake trout in the
early 1930’s.

Changes in Abundance of Secondary Prey Species

The species discussed below, although not presentlly of great importance
in the diet of salmonids, have the potential of becoming so. All but one of
them (the emerald shiner) are consumed to some extent by salmonids and two of
them (chubs and yellow perch) have recently been eaten more frequently than



5

before. All have undergone striking population changes that were evidently
related to alewife abundance.

Chubs
Several authors (e.g. Smith 1964, 1968; Brown 1970; Wells and McLain

1973) have described the complex changes in Lake Michigan's chub stocks before
1962. Briefly, six of the seven species included in the original chub
populations had become extinct or uncommon by 1962. The smallest of the
species, the bloater, became much more abundant as the others declined.
Smith (1964) attributed the decreases in the six species to the commercial
fishery and the sea lamprey, both of which selected larger fish; and the
increase in bloaters to diminished predation on them by lake trout, (as the
native trout populations collapsed), and to certain advantages gained by them
as the other chubs became scarce. (Smith, based on work by Van Oosten and
Deason 1938, considered the bloater the most important of the chubs as food of
native lake trout.)

Bloaters (referred to as chubs hereafter) began a decline at least as
early as 1962, and probably a few years earlier (Fig. 2). Although data
comparable to that collected in our standard surveys are not available for
years before 1962, data from other sources indicate that chubs were more
abundant in the mid 1950's than in 1962 (Brown 1970). The decline continued
until 1977, after which a spectacular reversal in population trend began and
was still in progress in 1984.

A few words about the commercial chub fishery might be pertinent here.
From 1965 to 1969 the commercial catch increased greatly despite diminishing
numbers of chubs. The increase in commercial catches (which are recorded by
weight) was related to the faster growth of the chubs as they became scarce,
and to some increase in fishing intensity. The faster-growing chubs not only
provided larger individuals to the fishery, but also were more vulnerable to
the gillnets used to catch them. Commercial catches dropped off sharply after
1969, and by the mid 1970's many fishermen had discontinued operations. A
chub technical committee, formed by the Great Lakes Fishery Commission and
made up of biologists from the states bordering Lake Michigan and the U.S.
Fish and Wildlife Service, recommended severe restrictions on the fishery.
These recommendations were accepted by the different state agencies in 1976.
Some res trictions are still in affect although they have been relaxed
considerably in some of the states.

I believe that the changes in chub populations between 1962 and 1984 were
related mainly to changes in alewife abundance. The decline in the numbers of
adult chubs that took place from 1962 (or a little earlier) to 1977 resulted
from poor reproduction, evidently a consequence of alewives feeding on chub
fry or eggs, or competing with chub fry for planktonic food. The increase in
adult. chubs that began in 1978 (and was still under way in 1984) resulted from
steadily improved reproduction that took place during a period of lowered
alewife abundance. I do not believe that the restrictions on the chub
fishery influenced the recovery significantly in the first few years. The
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new regulations had been in effect too short a time to have led to much
enlargement of the spawning stock. Our survey catches, in fact, show that.
spawning stocks were at or near their lowest levels when the first improvement
in reproduction occurred. However, the restrictions may well have hastened
the recovery once it was under way. In any case, the decisions by the
different state agencies to give additional protection to the spawning stocks
were wise ones, considering the low levels of the stocks at the time, and
especially in light of earlier declines o f chubs to extinction in Lake Ontario
and rarity in Lake Huron.

The future of chubs in Lake Michigan depends on several factors. If
alewives make a substantial comeback, chubs should decline. If alewives
remain at their present population levels or decline further, trends in chub
population will depend on the degree to which salmonids increase their
consumption of this species. If they increase it little or none, then chubs
will probably expand to the extent that their growth rate will decline and
their populations may eventually resemble those of the mid 1950's, when they
consisted overwhelmingly of small individuals. If, on the other hand,
predation on chubs increases substantially, their populations will probably be
held in check or even reduced, and should include a significant proportion of
larger individuals.

Deepwater sculpins
In a decline that began at least as early as 1964, lakewide populations

of deepwater sculpins descended to very low levels in the mid and late 1960's.
Data on the abundance of deepwater sculpins were not collected systematically
before 1964, but especially large catches in non-standardized trawling in 1960
as compared with the catches in 1964 suggest that the decline was well under
way by the latter year. The species began a recovery in the early 1970's and
had increased more than 100-fold by 1980. Successive declines of about 50% in
1981 and 1982 were followed by a 3-fold increase in 1983. Numbers changed
little between 1983 and 1984.

The population trends differed somewhat according to geographical area.
Recovery in the 1970's began at the start of the decade in the extreme
southeastern part o f the lake (judging by data from Saugatuck) but rot until
near the end of the decade in the extreme northwestern part. The abrupt,
decline in 1981 and 1982 mentioned above did not actually extend to the
extreme northwestern part, where increases occurred instead.

The decline in the 1960's resulted from poor reproduction; few small
deepwater sculpins were observed in the trawl catches of those years (Wells
and McLain, 1973). I believe that alewives caused the poor reproduction,
probably by preying on larvae. The reason for the delayed recovery in the
extreme northwestern part of the lake is not clear, but possibly the alewives
in that area (near Green Bay, where the species may be more abundant than in
most of the lake proper) lagged behind those in other parts in declining to
levels low enough to allow good reproduction of deepwater sculpins. The
decline of deepwater sculpins in most of the lake in 1981-82 resulted at least
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in part from a dieoff in the winter (and perhaps spring) of 1980-81. Trawl
catches in the spring of 1981 contained many dead individuals of this species.
I believe the most probable cause of the dieoff was stress due to
overcrowding. The absence of a decline in the extreme northwestern portion of
the lake may have been simply a reflection of uncrowded populations in that
area.

Yellow Perch
Yellow perch were once abundant almost throughout Lake Michigan but

suffered a severe decline in the early and mid 1960's (perhaps beginning in
the late 1950's in the northern part). By 1968 they were scarce except in the
southeastern part; and even there their numbers had diminished greatly. As
was true for several other native species, the decrease in perch was due to
poor reproduction, almost surely a result of the very hiqh abundance of
alewives at that time. After alewives declined sharply in 1967-68, perch
produced a relatively strong year class in 1969, at least in the southeastern
part of the lake.

Populations of perch in the 1970’s were generally larger than in the mid
and late 1960’s, but still not nearly so large as those before the decline.
The species was still concentrated mainly in the southeastern and extreme
southwestern sections of the lake, and in a few rocky-bottomed areas in the
east-central part. In 1983 an immense year class was produced in at least the
areas where adults were common. In 1984 another strong year class was
produced, but it was not as strong as in 1983. The good reproduction of 1983
and 1984, of course, coincided with low alewife abundance.

Perch of the 1983 year class were preyed upon rather heavily by salmonids
in 1984, at least in the spring. Predation on young perch by salmonids will
probably be common only in spring (and perhaps winter) and during upwellings
in the warm season because at most other times perch will occupy warmer water
than the salmonids. Heavy predation on young perch, at least in respect to
year classes as large as that of 1983, should be desirable for salmonid as
well as perch populations. Presumably due to high population density, the
1983 perch have grown extremely slowly, reaching an average total length in
the southeastern part of the lake of only about 100 mm at the end of two years
of growth. The corresponding length of perch in the same area during the
1970's was about 160 mm. In terms of weight, the fish produced in the 1970's
were four times as large as those produced in 1983 at the end of their second
year of life.

Emerald shiners
The emerald shiner underwent a phenominal change in abundance in Lake

Michigan around 1960. Until that time it was so abundant that it
occassionally clogged cooling water intake screens of power plants and was
considered a nuisance when i t congregated in harbors in spring and fall.
However, an astonishing decline that probably began in the late 1950's reduced
the emerald shiner to near extinction in the early 1960's. The species has
not since recovered to any significant degree.



The sudden near-disappearance of the emerald shiner coincident with the
rapid increase in alewife populations strongly suggests that the two events
were related. Although confirming evidence is lacking, the shiner probably
declined as a result of poor reproduction, most likely a consequence of
predation on the fry by alewives.

The collapse of emerald shiner populations well before alewives had
reached peak abundance suggests that the shiner is highly sensitive to the
adverse effects of alewives, and that it may not be able to stage a comeback
unless alewives are reduced further. Even if alewives were to become scarce
enough for successful reproduction by emerald shiners, the shiner would
probably recover only slowly in the beginning because its spawning stocks are
exceedingly small.

Discussion

The striking changes in abundance of native prey fish in Lake Michigan
during 1962-84 are attributable mainly to changes in abundance of the alewife,
a non-native prey species (but probably also a predator on fry). Populations
of several native species suffered disasterous declines as the alewife
increased to extreme abundance in the mid 1960's, and most that declined (the
emerald shiner being a notable exception) have staged major combacks in recent
years of lowered alewife abundance. The slimy sculpin alone among the native
species seems to have been directly affected by salmonid predation. The
extent to which the other native species were affected (indirectly) by
salmonid predation depends, of course, on the extent to which the alewife was
affected by this predation-- and
among biologists.

this point is one of considerable disagreement

Further declines in alewife abundance, should they occur, ought to lead
to even further recovery of native forage species, and perhaps even to a
resurgence of the emerald shiner. Should alewife populations remain at
permanently low levels, populations of native prey fish might eventually reach
some semblance of stability at relatively hiqh levels. Under such conditions
the forage base might still be sufficient to support large populations of
salmonids. Smelt and chubs should be available in large quantity, and some
additional forage would be provided by sculpins, yellow perch, and perhaps
even emerald shiners. The size of the salmonid population that this forage
base could support, however, would probably ultimately depend mainly on the
degree to which the salmonids substituted chubs for alewives in their diet.



Figure 1. Trends in relative abundances of salmonids and different
prey species: A-alewives; B-smelt; C-slimy sculpin. (See text

for methods of determining relative abundances.)



Figure 2. Trends in relative abundances of alewives and different
secondary prey species: A-chubs; B-deepwater sculpins.

(See text for methods of determining relative abundances.)
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C h a n g e s  i n  P r e y  F i s h  A b u n d a n c e  i n  W e s t e r n  L a k e  E r i e
D u r i n g  P e r i o d s  o f  H i g h  a n d  L o w  P r e d a t o r  A b u n d a n c e .

P r e d a t o r - p r e y i n t e r a c t i o n s i n  t h e  w e s t e r n  L a k e E r i e f i s h
c o m m u n i t y a r e complex a n d  d i f f i c u l t  t o  u n d e r s t a n d  d u e  t o t h e
a b u n d a n c e a n d  d i v e r s i t y  o f  s p e c i e s p r e s e n t . H o w e v e r ,  w e CElll
d e v e l o p s o m e  i n s i g h t  i n t o  s o m e  o f  t h e s e  i n t e r a c t i o n s  b y  s t u d y i n g

t h e p o p u l a t i o n  c h a n g e s  o f  a  f e w  k e y  s p e c i e s  t h a t h a v e o c c u r r e d

d u r i n g t h e p a s t t w o d e c a d e s . W a l l e y e S t i z o s t e d i o n v i t r e u m

v i t r e u m w a s s e l e c t e d a s  t h e  p r e d a t o r  s p e c i e s f o r t h i s s t u d y
b e c a u s e  i t i s  t h e  d o m i n a n t  p i s c i v o r o u s  p r e d a t o r  p r e s e n t  i n t h e
f i s h  c o m m u n i t y  a n d  i t  i s n e a r l y  t o t a l l y  d e p e n d e n t  o n  p r e y  f i s h  a s
a f o o d r e s o u r c e . A l s o , t h e  a b u n d a n c e  o f t h i s p r e d a t o r h a s
c h a n g e d  f r o m  v e r y  l o w  l e v e l s  i n  t h e  1 9 6 0 ' s  t o  v e r y  h i g h  l e v e l s  i n
t h e 1  a t e 1 9 7 0 ' s a n d  r e c e n t y e a r s . E m e r a l d s h i n e r N o t r o p i s
a t h e r i n o i d e s s p o t t a i l  s h i n e r  N o t r o p i s  h u d s o n i u s y o u n g - o f - t h e -
y e a r (YOY) g i z z a r d  s h a d  D o r o s o m a  geeedianum a n d YOY a l e w i f e
A l o s a e%um.I!a~ensE~ w e r e  sleeted  a s  r e p r e s e n t a t i v e p r e y f i s h
s p e c i e s b e c a u s e p r i o r a n a l y s e s  o f w a l l e y e f e e d i n g h a b i t s
sugges ted t h a t  t h e s e  s p e c i e s  w e r e  c o m m o n l y  e a t e n . A  f i f t h  p r e y
s p e c i e s , t r o u t - p e r c h  ~grcq~~~  o m i s c o m a y c u s w a s  a l s o  i n c l u d e d  i n
o u r a n a l y s e s  o f  c h a n g i n g  p r e y  a b u n d a n c e  b e c a u s e  i t  r e p r e s e n t s  a
s p e c i e s  i n  w e s t e r n  L a k e  E r i e  t h a t  d o e s  n o t  a p p e a r  t o  b e d i r e c t l y
a f f e c t e d  b y  w a l l e y e  p r e d a t i o n .

T h e r e l a t i v e  a b u n d a n c e  o f  t h e  p r e y  f i s h  s p e c i e s  i n w e s t e r n

L a k e  E r i e  i s  d e t e r m i n e d  e a c h  y e a r  b y  t h e  U . S .  F i s h  a n d  W i l d l i f e
S e r v i c e  b y c o n d u c t i n g b o t t o m trawling ziut-veys at LIP to 12
g e o g r a p h i c a l l y disperied s t a t i o n s  t h a t  a r e  r e p r e s e n t a t i v e  o f  t h e
a v a i l a b l e d e p t h s t r a t a  i n  t h e  b a s i n . S a m p l i n g  o c c u r s f r o m M a y
t h r o u g h  O c t o b e r  d u r i n g  m o s t  y e a r s . A  s e m i - b a l l o o n  b o t t o m t r a w l

h a v i n g  a  7 . 9 - m  h e a d  r o p e , a  9 . 4 - m  f o o t  r o p e , a n d  a  3 8 -  a n d  1 3 - m m

m e s h ( s t r e t c h e d m e a s u r e )  i n t h e n e t b o d y a n d c o d e n d

r e s p e c t i v e l y , i s  t o w e d  a t  a  c o n s t a n t  s p e e d  o f  Z. 9  l::m/ht-. f o r  1 0

m i n u t e s a l o n g  t h e  d e p t h  c o n t o u r s  a t  e a c h  s t a t i o n . P r e y  f i s h  i n

t h e  c a t c h e s a r e  s o r t e d  b y  s p e c i e s i n t o  t h r e e  a g e  c a t e g o r i e s  ( Y O Y ,

y e a r l i n g , a n d w= I I  a n d  o l d e r )  a n d  t o t a l  c o u n t s  i n e a c h aw
c a t e g o r y  a r e  t a l l i e d . L a r g e  c a t c h e s  o c c a s s i o n a l l y  p r e c l u d e  t o t a l
c o u n t s , s o  s u b s a m p l e s  a r e  c o u n t e d  a n d  a p p r o p r i a t e l y  e x p a n d e d  t o
e s t i m a t e  c a t c h . A b u n d a n c e  i n d i c e s  f o r  e a c h  a g e  c a t e g o r y  o f  e a c h

s p e c i e s a r e r e p o r t e d  a s  c a t c h - p e r - u n i t - o f - e f f o r t ( C P U E ) w h e r e

e f f o r t i s  d e f i n e d  a s  o n e  h o u r  o f  t r a w l i n g . T h e s e s t a n d a r d i z e d

s a m p l i n g p r o c e d u r e s h a v e  b e e n  u t i l i z e d  e a c h  y e a r  s i n c e  1 9 6 0  s o
annua l CPUE v a l u e s  f o r  a l l y e a r s a r e c o m p a r a b l e . H o w e v e r ,

i n d i vi d ua 1 C P U E  v a l u e s  v a r y  c o n s i d e r a b l y  f r o m  y e a r  t o  y e a r , and
t h e c a u s e s  o f  t h i s v a r i a b i l i t y  a r e unknown. A b u n d a n c e v a l u e s
d e r i v e d s o l e l y  f r o m  b o t t o m  t r a w l  c a t c h e s  p r o b a b l y u n d e r e s t i m a t e
t r u e a b u n d a n c e  a n d  c o n t r i b u t e  t o  t h e  d a t a  v a r i a b i l i t y  b e c a u s e  w e
I1 6-l \’ e no IlleasLIr-e o f  t h e  n u m b e r  o f  f i s h p r e s e n t  i n t h e u p p e r
s t r a t a , w h i c h a r e n o t s a m p l e d  b y  t h e t r a w l . C h a n g i n g l i g h t
c o n d i t i o n s , w a t e r  termperature5. w a t e r  c u r r e n t s , a n d  a  h o s t  o f
o t h e r u n k n o w n f a c t o r s c o u l d  a l  s o  i n d u c e  c a t c h v a r i a b i l i t y  b y
a l t e r i n g f i s h b e h a v i o r a n d t h e i r s u s c e p t a b i l i t y t o t r a w l
s a m p l i n g . B e c a u s e o f  t h i s  u n e x p l a i n a b l e  d a t a  ' v a r i a b i l i t y ,  w e
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r e g a r d  C P U E  v a l u e s  a s  r e l a t i v e a b u n d a n c e  i n d i c a t o r s  t h a t s u g g e s t
c h a n g i n g p a t t e r n s  o f s p e c i e s ‘ a b u n d a n c e o v e r m u l t i p l e year           
p e r i o d s r a t h e r t h a n c o n s i d e r i n g t h e  y e a r  t o y e a r a b u n d a n c e
f l u c t u a t i o n s .

T h e  a n n u a l  r e l a t i v e  a b u n d a n c e  i n d e x  v a l u e s  f o r  Y O Y  p r e y  f i s h
f r o m  1 9 6 0  t h r o u g h  1 9 8 1  a r e  r e p r e s e n t e d  i n  F i g .  1 . E m e r a l d  s h i n e r
a n d t r o u t - p e r c h a b u n d a n c e  p a t t e r n s  a r e  s i m i l a r w i t h g e n e r a l l y
h i g h a b u n d a n c e l e v e l s i n  t h e  e a r l y 1 9 6 0 ' s , f o l l o w e d  b y l o w
a b u n d a n c e f o r t h e n e x t  8  t o  1 0  y e a r s . a n d t h e n  a n a p p a r e n t
i n c r e a s i n g a b u n d a n c e a f t e r 1 9 7 5 . S p o t t a i l s h i n e r a b u n d a n c e
r e m a i n e d  h i g h  t h r o u g h o u t  t h e  1 9 6 0 ’ s . b u t  b e g a n  t o  d e c l i n e  i n  t h e
1 9 7 0 ’ s  a n d  l o w  a b u n d a n c e  p e r s i s t e d  t h r o u g h  1 9 8 1 . T h e  a n n u a l  Y O Y
a l e w i f e  a b u n d a n c e  h a s  c o n s i s t e n t l y  b e e n  l o w  w i t h  t h e  e x c e p t i o n  o f
t w o  y e a r s  ( 1 9 7 3 - 1 9 7 4 )  w h e n  r e p r o d u c t i v e  s u c c e s s  w a s  u n e x p l a i n a b l y
g o o d . A b u n d a n c e  o f  Y O Y  g i z z a r d  s h a d  h a s  a l s o  b e e n ’  g e n e r a l l y  l o w
d u r i n g m o s t y e a r s u n t i l r e c o r d h i g h a b u n d a n c e l e v e l s w e r e
r e c o r d e d  i n  1 9 8 0  a n d  1 9 8 1 .

R e l a t i v e a b u n d a n c e i n d i c e s f o r y e a r l i n g p r e y f i s h a r e
i l l u s t r a t e d in Fig. 2. Y e a r l i n g  s p o t t a i l  a n d  e m e r a l d s h i n e r s
a b u n d a n c e g e n e r a l l y  r e m a i n e d  h i g h  f r o m  1 9 6 0  t o  a b o u t 1 9 7 4 , b u t
h a s  b e e n  d e p r e s s e d  t o  r e l a t i v e l y  l o w  a b u n d a n c e  l e v e l s  s i n c e t h a t
t i m e . Y e a r l i n g  t r o u t - p e r c h  a b u n d a n c e  w a s  r e l a t i v e l y  h i g h  i n  t h e
e a r l y 1 960 ' 5 f o l l o w e d  b y  e i g h t  y e a r s  o f  l o w  a b u n d a n c e  u n t i l  1 9 7 7
when t h e a b u n d a n c e  o f  t h i s  a g e  g r o u p  r e c o v e r e d  t o t h e 1 9 6 0 ' s
l e v e l .

R e l a t i v e a b u n d a n c e p a t t e r n s  o f  a g e  I I  a n d  o l d e r  p r e y f i s h
a r e  g e n e r a l l y  s i m i l a r  t o  t h o s e  d e m o n s t r a t e d  b y  y e a r l i n g  f i s h ,  b u t
t h e  C P U E  v a l u e s  a r e  u s u a l l y  l o w e r  (Fiq. 51.

W h e n  w e c o m p a r e  f l u c t u a t i o n s  o f  p r e y  f i s h a b u n d a n c e w i t h
c h a n g e =  i n p r e d a t o r  a b u n d a n c e  o v e r  t h e  2 1  y e a r p e r i o d  w e c a n
d e v e l o p  h y p o t h e s e s  a b o u t  t h e  p r e d a t o r - p r e y  i n t e r a c t i o n s . D u r i n g
t h e 1960' s w a l l e y e  a b u n d a n c e  w a s  v e r y  l o w  i n  w e s t e r n  L a k e E r i e
a n d  t h e  p r e d a t o r  p r e s s u r e  o n  p r e y  f i s h  p o p u l a t i o n s  w o u l d  a l s o  b e
lbW a t  t h a t  t i m e . S h i n e r  a b u n d a n c e  r e m a i n e d  h i g h  d u r i n g t h o s e
y e a r s , e v e n t h o u g h t h e s e  s p e c i e s  a r e  p r e f e r r e d  f o o d i t e m s  o f
w a l l e y e s ; , SO p r e d a t i o n w a s '  p r o b a b l y  n o t a d v e r s e l y a f f e c t i n g
s h i n e r p o p u l a t i o n s . A f t e r  e f f o r t s  t o  rehabilitatq t h e w a l l  e y e
s t o c k  w e r e  i n i t i a t e d  i n  1 9 7 6 , w a l l e y e  a b u n d a n c e  i n c r e a s e d  t o  v e r y
h i g h l e v e l s  a n d  t h e  e f f e c t s  o f  i n c r e a s e d  p r e d a t i o n  o n  t h e  s h i n e r
p o p u l a t i o n s  m a y  b e  r e f l e c t e d  b y  t h e  d e c l i n i n g  a b u n d a n c e  o f t h e s e
s p e c i e s . U n l i k e s h i n e r s , YOY a l e w i f e a n d qizrard' s h a d
p o p u l a t i o n s l e v e l s r e m a i n e d  r e l a t i v e l y  l o w  d u r i n g  t h e  y e a r s  w h e n
w a l l e y e a b u n d a n c e  w a s  l o w , s o  t h e s e  p r e y  f i s h  s p e c i e s  d o  n o t  s e e m
t o  b e  d i r e c t l y  i n f l u e n c e d  b y  w a l l e y e  p r e d a t i o n  p r e s s u r e . P e r h a p s
h a b i t a t  a n d  c l i m a t i c  c o n d i t i o n s  i n f l u e n c e  t h e  s p a w n i n g  s u c c e s s  o f
c l u p e i d s a n d a r e more i m p o r t a n t f a c t o r s r e g u l a t i n g t h e i r
a b u n d a n c e . T h e  h i g h  a b u n d a n c e  l e v e l s  o f  Y O Y  g i z z a r d  s h a d  d u r i n g
1 9 8 0 a n d  1 9 8 1  d i d  n o t  s e e m  t o  b e  a d v e r s e l y  a f f e c t e d  b y  t h e h i g h
W a l l e y e p r e d a t i o n  p r e s s u r e  a t  t h a t  t i m e  e v e n  t h o u g h  w a l l e y e  f o o d
h a b i t  s t u d i e s  c l e a r l y  i n d i c a t e d  t h a t  t h e y  f e d  e x t e n s i v e l y  o n  t h i s
p r e y s p e c i e s . F i n a l l y , c h a n g e s i n  t r o u t - p e r c h a b u n d a n c e  i n



w e s t e r n L a k e  E r i e  d o  n o t  a p p e a r  t o  b e  a s s o c i a t e d w i t h chanqlnq

w a l l e y e p r e d a t i o n p r e s s u r e . T h i s p r e y s p e c i e s i  s readily .

c o n s u m e d  b y  w a l l e y e  i n  s o m e  o t h e r  e c o s y s t e m s . b u t  i s seldom found

i n t h e  L a k e  E r i e  w a l l e y e  s t o m a c h s  s o  p r e d a t i o n  d o e s  n o t  d i r e c t l y
i n f l u e n c e i t s  a b u n d a n c e . H i g h  a b u n d a n c e  l e v e l s  o f t r o u t - p e r c h

a r e  i n d i c a t e d  d u r i n g  b o t h  l o w  a n d  h i g h  w a l l e y e  a b u n d a n c e  p e r i o d s .
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Figure 1. Annual relative abundance of young-of-the-year (YOY) prey fish as

indicated by catch-per-unit-of-effort (CPUE).
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Figure 2. Annual relat ive abundance of yearl ing prey f ish as indicated by

catch-per-unit-of-effort (CPUE).

.
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Figure 3. Annual relative abundance of age 11 and older prey fish as indicated

by catch-per-unit-of-effort (CPUE).
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Introduction

I have been asked to discuss responses of fish predators in Lake Superior to
three changing conditions:

1) increased predator abundance
2) decreased prey abundance
3) qualitative changes in prey.

The first instance, which could occur through increased reproduction, in-
creased stocking, or decreased mortality on predators, would lead to increased
total consumption (C) by fish predators, or, if food availability is limited, to
competition and a decreased growth rate (G) according to this relationship:

(1) C = G * B / k

B = predator biomass
k = food conversion efficiency of predators.

(See Appendix for derivation of equations.)

The second instance, decreased prey abundance, could occur through increased
predation (Mp) or other mortality on prey species or through decreased repro-
duction or growth of prey. It would lead to increased predation or reduced
predator growth or both according to this relationship:

(2) MP = G * B / ( k * b )

Mp = predation mortality
b = prey biomass.

Note that the immediate feedback from increased predation mortality can be further
increased predation mortality, until consumption by predators comes into equi-
librium.

The third instance is a qualitative change in prey, which I take to mean a
shift in prey species composition, or changes in size or spatial distribution of
prey. These changes cannot be expressed by simple equations such as (1) and (2)
above. Predator responses to these conditions can be complex, such as size-
dependent predator growth changes resulting from skewed prey size distribution.
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Data Sources .

To begin the process of preparing this paper, I contacted the Lake Superior
biologists from each of the states, the province of ,%tarLo, and the U.S. Fish
and Wildlife Service, requesting data on fish predators, specifically:

for Lake Trout
length at age from: stock assessment nets

spawning assessment nets
commercial fisheries
sport fisheries

age at maturity

for Pacific Salmon
size composition of spawning runs
length at age and average size in catch

for Lake Trout and Pacific Salmon
paired length/weight data or regression equations
stomach contents
fecundity
back-calculated growth

I also had access to any data developed by tribal fisheries programs. The response
from the agencies was disappointing. I received little data to work with other
than lake trout length at age information. There appears to be a real lack of data
relevant to predator/prey studies on Lake Superior, and much potentially useful
data exists in practically inaccessible form. There is a great need for a lakewide
fishery database with computer access, which should Include, among other items,
predator growth and feeding data.

Increased Predator Abundance in Lake Superior

The abundance of fish predators in Lake Superior is not well known. The
relative abundance of lake trout in nearshore U.S. waters has been monitored with
gillnets for many years (see Lake Superior Committee minuses, especially for years
prior to 1982), but the data is not strictly comparable among the states, nor in
some cases among years. In eastern Wisconsin and eastern Michigan, the data has
been used to develop cohort models for estimating absolute lake trout abundance
(Wisconsin State/Tribal Technical Committee 1984, Tri-partite Technical Working
Group 1984), 'out these areas make up only a small percentage of the lake. Ontario
has computer access to relative abundance indicators from the commercial fisheries,
but has no independent estimates of lake trout abundance IX. :JacCallum, pers. comm.).

Available data is inadequate to estimate either relative or absolute abundance
of other predators, including coho salmon, chinook salzon, and siscowet. Stocking
records for coho (beginning in 1966) and chinook (beginning in 1967) show a gradual
increase in numbers. Natural reproduction of coho was noted at least as early as
1970 (Lake Superior Committee 1971, p. 36) and of chinooks in the late 1970's
(Goodyear et al. 1982). The level of reproduction is probably quite significant,
at least for cohos, but it has not been quantified. Siscowet abundance has been
high, at least in Wisconsin waters (Pratt 1981, Red Cliff Fisheries Department 1983),
but little is known about siscowet abundance lakewide. However, the diet of the
deep-dwelling siscowets appears to differ substantially from lean lake trout and
salmon (Pratt 1981).



As a first attempt at developing an ecologically meaningful index of near-
shore and pelagic predator abundance, I derived the following figures for a series
of recent years:

1) the number of lake trout stocked 6 years earlier,
2) the number of coho salmon stocked 3 years earlier, and,
3) the number of chinook salmon stocked 3 years earlier X 2.

The number of chinook was multiplied by 2 to account for the effect of their faster
growth rate. The resulting sum is a crude indicator of the level of predatory
pressure by stocked lake trout, coho, and chinook (Figure la). The graph indicates
that there has not been much change in total predation by stocked fish since the
mid-1970's. Chinook salmon make up an increasing share of the total, while lake
trout make up a decreasing share.

I added an arbitrary quantity of naturally reproduced lake trout and coho as
follows: I assumed that coho reproduction began in 1970 and increased linearly to
equal 50% of total recruitment at present. I assumed that lake trout reproduction
increased linearly from near zero in 1962 to equal 30% of total recruitment in the
1978 year class. The resulting graph (Figure lb) indicates quite stable predatory
pressure from 1974 through 1979, and an increase of about 5% per year after that.
All segments of the predator community contribute to the increase under these
assumptions.

I must emphasize that this is a crude indicator of predation. At this time,
a lack of information on abundance and life history of salmon, and a lack of
integration of agencies' lake trout data prevent very realistic analysis of predator
abundance.

However, the analysis, such as it is, indicates that the first condition,
increasing predator abundance, has occurred in Lake Superior in the past 5 years.

Decreased Prey Abundance in Lake Superior

Smelt have been an important prey of lake trout since the early 1950's, and
the dominant prey since the early 1960’s (Dryer et al. 1965). Smelt are also an
important prey for coho and chinook salmon (Lake Superior Committee 1972, p. 32,
J. Selgeby and R. Kinnunen, pers. comm.). Selgeby (1985) has documented large
decreases in smelt abundance throughout U.S. waters of Lake Superior, occurring
at different times in different areas between 1978 and 1981. Thus the second
specified condition, decreased prey abundance, occurred in Lake Superior from 4 to
6 years ago.

Qualitative Changes in Prey

The first major shift in prey species dominance occurred between the early
1950's and the early 1960’s, when commercial smelt landings increased from near
zero to about 1 million pounds per year (Baldwin et al. 1977). During the same
period, lake herring stocks were declining due to overfishing (Selgeby 1982), and
possibly due to ecological interactions with smelt (Anderson and Smith 1971, Swenson
and Matson 1976), leading to the extremely low abundance of herring observed in the
late 1960's and 1970's. Herring had historically been the main source of nutrition
for lake trout, but were replaced in this role by smelt.

A second major shift in prey species abundance began in 1978 and may still be
underway (Selgeby 1985). Herring stocks have greatly increased since then, though
abundance remains below historical levels. This increase coincided with the decline
of smelt already referred to.
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Shifts in species dominance between herring and smelt involve other quali-
tative changes in the availability of food for lake trout and other predators.
Herring primarily inhabit the offshore pelagic zone during the growing season, and,
while smelt can utilize any position In the water column, they are often assoc+a+edLI d-4
with the bottom, and are rarely found in water deeper than 40 fathoms (73 m). ::re
spatial distribution of lake trout changed with the distribution of prey in the
1950's such that the offshore pelagic habitat was not used to the former extent,
(S. Sivertson, pers. Comm.).

Adult smelt are also smaller in size and slimmer in form than adult herring,
and thus are available to a wider size range of predators. However the larger
size of herring may allow more efficient feeding by large lake trout.

Predator Responses

The first observation of a growth response by lake trout to recent fish com-
munity changes came to light in late 1982 from the Apostle Islands area (Figure 2).
Lengths and weights of lake trout from samples of the Red Cliff tribal commercial
catch were analyzed using a modified relative condition factor, Kn (Anderson and
Guteuter 1983). The length/weight relationships of monthly samples of lake trout
were compared to the relationship from samples collected in southern Lake Superior
from 1948 to 1956 (Eschmeyer and Phillips 1965). The relative condition factor
used here is the mean ratio of calculated weight for lengths ranging from 17 to 30
inches. A condition factor of 1.0 indicates that the condition during the sample
period is the same as the base period. A factor greater than 1.0 indicates a
greater weight at a given length than during the base period, and vice versa.

All but one monthly sample from the Red Cliff fishery prior to September 1982
showed a relative condition greater than 1.0. However, in September condition fell
below 1.0 and remained low through May 1983. From No-1ember through April, the value
averaged 0.88, indicating that trout caught during that period were about 12% lighter
at a given length than during the base period. The decline appears to be an exag-
geration of a normal seasonal cycle of condition. Condition recovered to apparently
normal levels in the summer of 1983, but has since f'*.-Uctuated over a wider range
than prior to the sharp decline.

The decline in condition was probably caused by 2 factors: less food in
stomachs and resorption of stored lipids for maintenance energy. The rapidity of
the decline and recovery are remarkable. Unfortunately no stomach samples were
collected at the time to establish a specific cause for the fluctuations.

The usefulness of body condition as an indicator of well-being is open to
question (Barnes et al. 1984). There may be other indicators of nutritional status
which are more sensitive, easier to interpret, or easier to collect. In order to
address this question, the Great Lakes Indian Fish and Wildlife Commission and the
Red Cliff Fisheries Department recently initiated a pilot study in which a suite
of indicators of lake trout die+,, nutrition, and growth will be examined. Measure-
ments being taken from lake trout in this study include length, round weight, dressed
weight, maximum girth, liver weight, gonad weight (where applicable), weight of
stomach contents (total and sjr taxon) and diameter of annual rings on scales. NO
summary or analysis of this data has been made yet.

There is a second piece of evidence of a lake trout growth response from Wis-
consin waters. Mean length at age in the Red Cliff commercial fishery has declined
overall since 1980, when the fishery was first sampled for biological data (Figure
3). The decreasing trend in length at age is not consistent over all years and
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ages; however, the data may be more instructive for that very reason. Three
patterns can be seen in the data. First, the 1973 year class of Stocked fish was
consistently smaller than most other year classes at any given age. This is
consistent with observations by Bruce Swanson (WIN?, pers. comm.) that some stocked
cohorts grow slowly throughout life. This phenomenon tends to confound other infer-
ences about growth from observed length.

Second, length at age declined for each age group from 1982 to 1983, indicat-
ing that growth during the 1982 growing season was particularly poor. This obser-
vation is consistent with and independent from the poor body condition observed
after the 1982 growing season.

The third pattern is that the older age groups show the most pronounced
reduction in length. This may be due to a lack of prey items Of a size suitable
to sustain the growth of these large fish. Selgeby (1985) has shown that the mean
size of smelt has decreased markedly in recent years. The size structure of the
smelt population may sufficient to maintain growth of young lake trout, but not
the older individuals.

There are two other hypotheses that could be implicated in the reduction in
length at age. First, selective and intensive fishing can remove the faster grow-
ing individuals of a cohort at a young age, resulting in a remnant population of
slower growing individuals. An increasingly intensive fishery may cause a pattern
of decreasing apparent growth. A study of lake trout scale samples in agency files
could probably determine if this is a factor.

Second, a segregation of lake trout by size and/or growth rate may have occur-
red. The most likely cause would be the movement of larger trout to the offshore
pelagic zone to prey on the increasingly abundant lake herring stock. The result
would be lower vulnerability of la,,rce trout to bottom-set gillnets. This hypothesis
has little data to support it at this time, but seems to be a reasonable scenario
in view of the smelt and herring population trends. Sampling the pelagic habitat
may help to answer this question.

The downward trend in length at age is more distinc t in samples from Michigan
waters east of the Keweenaw Peninsula (Figure 4, data provided by USFWS from MDNR
assessment fishery). Since 1979, lengths of ages 6 - 8 have decreased about 2
inches. Lengths at ages 5 - 10 all decreased during the 1982 growing season, when
growth also appeared especially poor in the Apostle Islands.

Fishery samples from widely separated areas in Ontario also indicate a distinct
downward trend in length at age after 1979 (Figure 5, data provided by OMNR),
although the data series is shorter than other areas. The magnitude of decline is
similar to that in Michigan waters, but it began a year later.

To alleviate some of the possible biases in length at age data, and to present
a simpler, clearer picture of lake trout growth rates, I calculated instantaneous
growth coefficients for cohorts at ages 6 - 8 and averaged them to obtain a single
number describing population growth rate for each area for each year. I multiplied
instantaneous growth in length by 3.2 (a typical length/weight regression slope in
Lake Superior) to obtain instantaneous growth of biomass (Figure 6).

The plot of these points shows some similar patterns in annual growth rates
in Michigan and Wisconsin. There were almost parallel fluctuations through the
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1970's, excegz 1979, when growth in Wisconsin appears good, but growth in Michigan
was at its lowest point. Michigan growth rates then remained low through the 1982
growing season. Growth in Wisconsin reached its lowest point in the 1982 growin-
season. Growth exceeded .40 in both ends of Ontario waters in 1979, but declined
to a very low level in the Thunder Bay area in 1380. Otherwise ,
rates have been low to moderate in recent years (G = .17 - .2$).

Ontario gr07~~h

Data from Rahrer (1967), from samples collected in 1953, indicates that lake
trout were growing at a much higher rate at that time (G = .41, based on growth in
length at age 6 - 8 during the last year of life, from Rahrer's Table 6), when lake
herring were still the primary source of nutrition for lake trout (Dryer et al.
1965).

Comparisons between Wisconsin growth rates and two likely determinants of
growth -- lake trout biomass (derived from a cohort model described in Wisconsin
State-Tribal Technical Committee i98L) and smelt biomass (Selgeby 1985) -- indicate
possible relationships, but none are statistically significant (Figure 7). The plot
of lake trout biomass vs growth indicates a weak density dependence (r = -.36,8df,ns,
Table 7a). The relationship of lake trout growth to smelt biomass is stronger and
more interesting (r = .48,3df, ns, Table 7b). Although relatively good lake trout
growth has occurred in years of low smelt abundance, poor growth has never occurred
when smelt abundance was high. Lake trout must have made significant use of alter-
nate food sources, especially in 1980, 1981, and perhaps 1983. A study of lake
trout food in 1981 suggested that insects were an important alternate food at that
time, but even then smelt dominated the diet (J. Selgeby pers. comm.).

A plot combining the predator/prey variables as a ratio (smelt biomass/lake
trout biomass, Figure 7c) produces yet a stronger relationship (r = .53,8df,ns).
This plot indicates that concern for lake trout grov::-. may be in order when estimated
smelt biomass is less than 1.5 times estimated lake Trout biomass in eastern Wiscon-
sin.

Conclusions

It appears that lake trout growth rates were lower during the 1970's, when the
diet was dominated by smelt, than in the 1950's, when herring were the major food.
Lake trout growth has decreased lakewide in response to the lakewide decline of
smelt in recent years. Lake trout may be more opportunistic feeders in the absence
of abundant prey fish, but there is as yet no data to Indicate a major shift from a
smelt diet.
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APPENDIX

Equations (1) and (2) were derived using the following model, which is intended
to express, as simply as practical, energy flow between prey and predator comprt-
ments of a fish community over a relatively short time period (<1 yr).

Definitions

B =
G =

mean biomass of a predator compartment during the time period
instantaneous growth rate of predator biomass

b = mean biomass of prey compartment
Mp = instantaneous rate of predation mortality
c = prey biomass consumed by the predator
= M p * b

P = production of predator biomass
= G * B

k = food conversion efficiency of predator utilizing this prey
= P / C

B, b, C, and P are expressed in equivalent energy or biomass units.

Equation (1) Equation (2)

P =G+B and c =G+B/k and
k = P / C therefore C = (Mp) + b therefore
P = K * C therefore (Mp) * b = G * B / k therefore
ka;= G * B therefore MP = G - B / (k + b)
C = G * B / k
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Figure 1. Index of abundance of 3 species of O'~;s'n predator in Lake Superior.



Figure 2. Relative condition factor (Kn) of lake trout in commercial fishery
samples, Apostle Islands area, Lake Superior.





Figure 4. Length at age of lake trout in a portion of Michigan
waters of Lake Superior.



Figure 5. Length at age of lake trout in two areas of Ontario waters of
Lake Superior.





Figure 7. Relationships between instantaneous growth of
lake trout biomass (G) and abundance of lake trout and smelt
in eastern Wisconsin waters of Lake Superior.
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"But answer came there none -

And that was scarcely odd, because

They'd eaten every one"

from Lewis Carroll's
"The Walrus and the Carpenter"



Walleyes have been and continue to be an important fish-

ery resource in western Lake Erie. They were and are an im-

portant and integral component of the fish community. They

are also a very important human resource - having been acce-

ssed by commercial fishermen as well as recreational fisher-

men.

Annual commercial landings of walleyes fluctuated nar-

rowly about a mean of 825 tonnes from 1915 to 1936 and then

increased steadily to 7000t in 1956 before declining preci-

pitously. From 1915 to 1956 greatest production was from cen-

tral and western basin U.S. waters, particularly by Ohio trap-

netters. Ontario had a small fishery with most landings also

from these basins, reaching a peak in 1956. The stocks then

collapsed and production dropped to only 317t by 1962 and to

a record low of less than 229t in 1969 (Fig. 1).

After a closure in 1970 because of the mercury crisis

and with a subsequent formation of an Interagency Walleye

Scientific Protocol Committee to develop the technical basis

for coordinated scientific management of this valuable resource,

the current status of the walleye population is very encour-

aging. However, this status needs to be viewed with cautious

optimism. The increased population has been the result of:

(1) good young-of-the-year (YOY) recruitment in recent years,

in fact, recruitment during the past decade has been excep-

tionally high when compared to recruitment levels in the 1960s;

(2) the closure of the commercial fishery in 1970 by Ontario,

Ohio and Michigan because of the concentrations of mercury in

walleye; (3) international management approaches to control



sport and commercial harvests. A catch quota system was im-

plemented in 1976 and has continued to the present. Estim-

ates of the standing stock of yearling and older walleyes in

western Lake Erie was only 14.6 million fish in 1976 but both

fishable and standing stocks have increased substantially

over the past number of years (Fig. 2).

There have also been some evident changes in the biomass

of preyfish. Some recent information prepared by Muth (in

press) indicates. that forage fish biomass generally decreased

as walleye abundance increased and an apparent decline in the

biomass of emerald shiners, a preferred prey of walleyes was

seemingly evident (?). However, this has been partly allev-

iated by the presence of large numbers of YOY gizzard shad

produced in various years (Table 1). But YOY gizzard shad are

suitable prey only during the summer and fall when they are

small enough to be eaten. Therefore, they may not meet the

walleye forage requirements throughout the year. Although

there have been changes in recruitment for gizzard shad they

more than likely fall within natural variations. Other for-

age fishes have also fluctuated but also likely within na-

tural variations. Available evidence suggests that emerald

shiner populations also fluctuate widely in abundance from

year to year. Concern is sometimes generated over the rel-

ative scarcity of emerald shiners in Lake Erie, but exper-

ience seems to indicate that periods of scarcity followed by

abundance have been characteristic of these populations for

more than 50 years.

In order to describe some of the changes that have occur-

red to the predators or prey, it might be informative to
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present some of the interactions that are evident in Lake Erie

and those that deal with walleye in particular. Some of the

more evident species interactions are shown in Figure 3.

Walleyes are an important part of this system and their more

specific interactions are illustrated in Figure 4.

Some of the more obvious changes that have occurred in

the populations of predators and prey in the system are:

. that walleyes as a main predator have increased

. that some of the forage base has changed and maybe
decreased (but recruitment has been variable)

. that there have been other community changes
- white perch have increased in abundance and

have extended their range in Lake Erie
- yellow perch populations have decreased

. that walleyes have extended their "normal range" and
are now present in central basin areas.

The intent of this presentation is to address the respon-

ses of predators (walleye in particular) to changes in preda-

tors or prey abundances. Some of the possible responses are

shown in Table 2.

Undoubtedly, changes in growth and age at maturity are

important indices of stress or measures of compensatory re-

serve. Although there are some changes in growth in length

and weight of walleye, most particularly for age groups 1 and

2 from 1974-1983, it appears that the changes during this per-

iod were not statistically significant until very recently.

(Fig. 5). Some recent unpublished data by Muth and Wolfert

suggests very evident growth changes for YOY, yearling and 2 year

old walleyes. But careful examination of the data shows that

there may indeed have been a decrease in growth in the early

1970s but that growth in recent years may not really have
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been very significantly different.

There has also been some evidence for a change in Sire

and age of walleye at the onset of maturity. Muth and Wolfert

(unpublished) have recently compared the age at maturity of

walleyes during three periods: 1964-66; 1974-80 and 1981-83.

They found that usually 80% or more of the age 2 females were

mature each fall during the 1960s and early 1970S but that

this percentage dropped significantly to 7% by the fall of

1983. During 1964-66, age 3 females were 86% mature in the

spring, but age 2 females in the fall decreased to 57% in

1974-80 and to 38% in 1981-83. The maturity of age 2 females

dropped from 90% in 1976 to 45% in 1977 and then reached a

steady level until the 1980s when it decreased from 37% in

1981 to 7% in 1983 (Fig. 6). Delayed maturity presumably

reflects an increase in stock biomass.

Competition for food is undoubtedly an important factor

in controlling numbers. Most feeding by walleyes occurs dur-

ing the summer and autumn and is reduced during the winter,

perhaps due to non-availability of forage species in areas

frequented by walleyes during this time. Adult and juvenile

walleyes are largely piscivorous, feeding on a variety of

prey species, namely, emerald shiners, trout perch, alewife,

gizzard shad. If forage species are available at preferred

lengths, walleyes may tend to feed on the most abundant

species. If so, then in western Lake Erie the gizzard shad

are still quite abundant because that is what walleye have

been actively feeding on in more recent years.

Diet selection by walleyes has apparently changed since
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the 1950s. Since walleye are Size selective feeders, changes

in size selection reflect changes in the diet. A comparison

of size selection between walleyes from 1981 and 1959-60

distinctly shows that walleyes were less selective in 1981.

The decline in size selection is attributed to the greater

density of walleyes in 1981 than in 1959-60 (Knight et al.

1984).

However, electivity indices show that walleye prefer

shiners and YOY gizzard shad when other forage species were

also available. Yearling and older walleye fed almost ex-

clusively on yearling shiners in the spring, but shifted to

the very abundant gizzard shad in late July. Walleye diet in

the fall was mainly YOY clupeids and shiners. Walleyes did

not usually consume great quantities of spiny-rayed fish even

when they were abundant (Knight et al, 1984).

In the absence of its "regular prey" (whether that is

considered to be emerald shiners or gizzard shad in WLE),

walleye will turn to something else. To be sure, growth and

survival of the predator may change, but these may be only

minor changes. I think the moral is not to expect big chan-

ges for the predator that loses a species of prey.

Also, the fisheries for one predator commonly take other

predators during the exercise so that increased fishing effort

may be synonomous with an overall decrease in predation.

Predatory fish are not normally considered active “prey

switchers" and it is usually quite reasonable to expect that

there might be some delayed response to the presence of an in-

vading or new species or reduced abundance of a prey species.
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White perch, the new increasingly abundant predator/com-

petitor in this system is not presently part of the diet of

walleye. Although gizzard shad may be the preferred diet

and/or the most accessible at this time, their status is var-

iable and questionable. Subsequently, there may in time be

an active shift to other species that are present and abun-

dant in the system (Knight et al, 1984). And we thought for

certain that walleye would take advantage of the abundant

white perch and be a controlling mechanism on this species.

However, this has not occurred and indicates that walleye

will not switch to white perch or yellow perch and conver-

sely that there appear to be sufficient numbers of "prefer-

red" prey in the vicinity.

Walleyes in western Lake Erie are still growing much

faster and maturing earlier than walleyes in many inland

lakes. Although there are some changes in growth and an ap-

parent delay in the onset of sexual maturity, concerns about

these changes, about the condition of walleyes and possible

increases in natural mortality may be premature. The de-

clining trend of the onset of sexual maturity for female wall-

eyes has not apparently affected the reproductive potential of

this species in western Lake Erie. Delayed maturity, if it is

really significant, is offset by the presence of increasing

numbers of larger, older spawners in the population. Perhaps

a more immediate concern should be the effect of increased

walleye biomass on walleye production. If the biomass continues

to increase, it may be expedient to increase the fishing mortal-

ity but at the risk of producing an unacceptably low survival.



In summary then, the responses by walleye to various

changes in predator or prey abundance are summarized in

Table 3.
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Table 1. Young-of-the-year per trawling hour, Ohio's western Lake Erie and Sandusky Bay
(summer trawling June through August).

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

Walleye

44
3

70
;:

30
27;

10
2::

2::
(1
71

Yellow
perch

1,038
499
764
312

2,507
238
242

1,777

58:
1,870
624

1,365
28

1,780

White Freshwater Spottail Gizzard
bass drum shiner shad

2,180 207 511 788
713 163 1,145 6.607
938 244 320 1,825

1,097 274 571 9.313
1,504 172 586 11,013
2.907 994 270 2,252
1,746 286 387 3,880
3,548 716 866 5,049
1,314 530 573 11,512

781 4,088 1,051 10,770
6,788 876 179 7,632
7,754 417 398 16,146
1,270 207 329 2,554

671 301 114 6,540
4,516 91 61 10,305

Alewife

350
2,744

586
6.165
5,192

142
2,626
1.5::

591
193
293
35:

361

White
Perch

--
--
--
--
--
--
--
--
--
_-
--
--

606
276

3,360

(from ODNR, 1985)



Table 2. Possible responses of predators to changes in
predators and/or prey abundance.

Action

Increase in

predators

Decreased prey

abundance

Qualitative change

in prey

Predator Responses

Growth rate

Delay in onset of Sexual maturity

Range extension (change in dis-
tribution)

Growth rate

Prey switching

Active searching (change in dis-
tribution)

Selective or opportunistic feeding

Active searching
Condition change (growth)

Reduced competition



Table 3. Evident responses of walleye in Western Lake Erie
to changes in predators and/or prey abundances.

Action

Increase in
predators

Decreased prey

abundance

Qualitative change

in prey

Predator Responses

Growth Rater(?)

Delay in onset of sexual

Range extension (change
tribution

maturity

in dis-

Growth Rate&(?)

Prey switching?

Active searching (change in d
tribution)

is-

Selective or opportunistic feeding

Active searching

Condition change (growth)

Reduced competition











Figure' 5. Length at age of walleye sampled from experimental
gillnets in western Lake Erie: Ohio Division of
Wildlife 1-4, 1975-1984; Ontario Ministry of Nat-
ural Resources (---), 1978-1984.
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Figure 6. Percent maturity vs. total length (mm) of female walleyes taken in trap nets from
western Lake Erie during three periods of stock abundances, 1963-1983. Data for
1963-68 from Wolfert (1969). (Courtesy of K. Muth and D. Wolfert).
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Fish community changes in the Great Lakes and elsewhere indicate that total
fish biomass remains relatively constant as the magnitude of components of the
biomass fluctuate widely due to human influences or natural causes. Certain fish
populations exhibit great vigor in expanding to utilize available food and space
after other populations are reduced. For example, as populations of pelagic
planktivores are reduced by intensive fishing or predation, the offshore biological
production which they formerly consumed presumably sinks to the profundal zone to
the benefit of deep-dwelling invertebrates and chubs, and in Lake Superior, siscowets.
This phenomenon has apparently occurred in each of the three upper lakes.

The extreme environmental conditions encountered by fishes in Lake Superior,
and to a lesser degree the other Great Lakes, may amplify fluctuations of species
which are marginally adapted to those conditions. For example, smelt have been
very successful in colonizing Lake Superior, but they are incapable of utilizing
areas deeper than about 40 fathoms (about 78% of the lake). They have been most
successful in the shallow areas. The extreme and rapid decline of smelt in 1978-
81 apparently cannot be accounted for by predation and fishery harvest, and some
unexplained environmental stress may be implicated. Fluctuations in temperature
over time periods of a few years to a few decades may do more to determine the
future of smelt in Lake Superior than any management measures. Fortunately, USFWS
has thousands of temperature profile measurements on file, so that temperature
could be accounted for if the data were accessible on computer and analytical
methods were available.

Lake Superior is near the low end of the range of primary productivity of
freshwaters (about 400 kg C/sq m/yr). It is also extremely low in trophic efficien-
cy, or the rate at which primary production is converted to fishery harvest. Cur-
rently about 0.01% of primary production in Lake Superior is harvested as fish
biomass for human use. It is likely that a rehabilitated, well-managed Lake
Superior ecosystem could yield a trophic efficiency of 0.03%, for a total harvest
approaching 10 million kg/yr (Upper Lakes Reference Group 1976, Matuszek 1978).
By comparison, Oglesby (1977) found trophic efficiency of freshwater fishery eco-
system to range up to 1.49%, although most were less than 0.21%. The trophic
efficiency of marine fisheries worldwide was about 0.25% in 1970, with a maximum
potential of 0.45% (yield data from Gulland 1974; primary production from Whittaker
1970). In general, trophic efficiency is inversely related to surface area and
depth, and directly related to dissolved solids.

These three situations are examples of fish community problems or opportun-
ities which are not being adequately addressed by existing fishery management
programs. Others have previously recognized this shortcoming on the Great Lakes.
Claude VerDuin, long-time Commissioner on the Great Lakes Fishery Commission, has
said:



"We have to have a complete inventory of stocks. We must know the complete
composition of the biomass... YOU  can't regulate a fishery without knowing all
the component parts. We know there is an interaction between species... In the
future management of the f i she r i e s , we have to manage the total biomass."
enberg 1978).

(Kuch-

I suspect everyone would agree with these statements in principle, but how can
they be put into practice?

Implementing a community approach toward fishery management on the Great
Lakes will require that management be done with a view toward whole-lake systems.
Inputs and outputs from the lake system must be quantified so that managers can
adequately assess their own actions, as well as the realized and potential bene-
f i t  o f  f i sh  ha rves t . Species and life stages should be grouped into ecologically
relevant compartments, so that accumulation of energy (as biomass) and flow of
energy (as predation and fishery catch) can be understood at several levels of
reso lu t ion .

It is not feasible to implement a fish community management approach solely
with traditional single-species management tools. For example, it  will  never be
feasible to physically measure the biomass of every important species in any of
the Great Lakes. Management of the total biomass will require the formulation of
fishery ecosystem models to provide a framework for a coordinated whole-lake system
of information storage and analysis. The models must be accessible and usable by
fish managers at the inter-agency technical committee level.

Greater emphasis must be placed on the dynamic aspects of populations and the
fish community. Measurements of rates of growth, food consumption, predation
mortal i ty , and food conversion efficiency are just as important in fish community
management as measures of population abundance and catch. Missing data can usually
be es t imated indirect ly , often with two or more independent methods, if a practical
model of the fish community is available. Factors  external  to  f i sh  popula t ions ,
but which vitally affect them (such as water
and s ize  d is t r ibut ion) ,

temperature and zooplankton density
should be explicitly factored into fishery ecosystem models.

Br ie f ly , what I am describing and advocating is a new conceptual approach to
the planning and evaluation of fishery management on the Great Lakes. This approach
is consistent with, and a logical extension of, much past work, including SCOL
(Regier and Loftus 1972) and GLFC-sponsored adaptive management workshops (Koonce
et al.  1982). My thinking has been influenced by the work of Laevastu and Larkins
(1981) in fishery ecosystem modelling, and the concepts of Odum (1983) in systems
ecology.

This approach to fish community management would facilitate communication
among field managers, administrators, and researchers, and among agencies, by
providing a common format for planning and reporting work on a Great Lake. Each
level of the fishery management community views system inputs and outputs at a
di f ferent  level  of  resolut ion, and a model providing a common format would help
to ensure that the various levels are connected in a useful way. I propose that
the concept of energy flow through the ecosystem could be a practical basis for
the models. Using energy flow as the "currency" in ecosystem models would allow
fisheries scientists to utilize analogous experience gained in other fields (Odum
1983). Some of the thorniest Great Lakes fishery problems, including sea lampreys
and mortality due to contaminants, can be considered analogous to short circuits
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in the energy flow model. This may not alter our immediate reaction to these
problems, but it may alter our perception of them,
a more complete fish community context.

and allow them to be placed in

At the whole-lake level of resolution, the energy flow can be diagrammed as
in Figure 1, where the inputs are sunlight,
fishing effort, and fishery management.

water and nutrients from the watershed,
The output is fish biomass harvested. The

ecosystem at this resolution is a "black box" without information as to its internal
mechanisms; however, an agency administrator, with responsibility for management
budgets and for satisfying the public's demand for fish harvest, is not immediately
concerned with these internal biological mechanisms. This level of resolution may
also be interesting to a researcher investigating the overall efficiency of the
systems in producing products of value to humans (Oglesby 1977).

A second level of resolution of the whole-lake system is illustrated in Figure
2, where major biomass compartments androutes of energy flow have been filled in.
Various aspects of predator/prey issues can be investigated by using different
combinations of predator and prey compartments. The flow of energy from prey to
predator can be calculated for the most part with existing or easily obtainable data
(i.e. stomach contents, predator growth rates, etc.). This level of resolution is
useful for examining whole-lake predator/prey status for determining stocking and
harvest strategies. There are still some rather large "black boxes" in the system,
but this level of resolution should be most useful for program administrators and
lakewide technical committees, who are not immediately concerned with the mechanics
of predation.

Finer levels of resolution can be observed by delving into the black boxes,
where the mechanics of predation and growth can be studied. This is the level of
energetics research, which should include objectives of defining ecologically sound
biomass compartments, and describing the mechanisms which result in the observed
rates of energy flow between compartments.

The existing institutional context in which fishery management occurs on the
Great Lakes may be the greatest barrier to the establishment of a fish community
management approach on the Great Lakes. This is certainly not a new problem for
fishery managers, and major steps have been taken to solve it. The Strategic Great
Lakes Fishery Management Plan (which regrettably does not include all governments
with management authority on the upper lakes) provides an institutional framework
which could help to make fish community management a success.

Recent advances in mircocomputer technology have removed another barrier to
managing complicated systems. Technology has advanced to the point that lakewide
databases, with computer access from every fishery agency office, can easily be
established. The major problem in establishing such databases would be the design
of data formats; this process should be guided by lakewide fishery ecosystem
models. Microcomputers are now being sold with enough memory to run complex eco-
system models. Every inter-agency technical committee meeting should include at
least a transportable microcomputer for use in data retrieval and fish population
and community simulation. This is a major, even revolutionary, change from the
past, when access to data and analytical procedures was a major limiting factor.

I am not naive enough to think that there will be immediate changes along the
lines that I am suggesting. Even if these are recognized as good ideas, the inertia
of people and institutions will make change a slow process. However the time is



now to start thinking about fish populations in their proper perspective:
lations are only parts of larger systems. Fishery management, to be successful.
must operate on all relevant levels, which certainly include the ecosystem.
Fishery ecosystem management will require changes in planning and evaluation
procedures, and eventually changes in agency operations, but the first essential
change is one of attitude and perception on the part of individuals. Fishery
managers and administrators with responsibility for Great Lakes fisheries must
begin to view their actions in the context of the fish community and to commit
themselves to the success of fish community management. There is a tremendous
challenge awaiting us.
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An Ecological  Rat ionale  for  Managing Predator-prey Systems in  the  Great  Lakes

James F.  Kitchel l ,  Center  for  Limnology, University of Wisconsin-Madison

I n t r o d u c t i o n

An  eco log i ca l  r a t i ona l e  f o r  deve lopmen t  o f  s a lmon id  s t ock ing  po l i c i e s  i s  a
r e q u i s i t e  o f  t h e  o v e r a l l  o b j e c t i v e s  a n d  m a j o r  s t r a t e g i c  p r o c e d u r e s  o u t l i n e d  i n
the  Joint  St ra tegic  Plan  for  management  of  Great  Lakes  Fisher ies  (GLFC,  1 9 8 0 ) .
P l a n n i n g  b y  s o m e  a g e n c i e s , s u c h  a s  W i s c o n s i n  D N R ,  n o w  i n c l u d e s  i n i t i a l
r e c o g n i t i o n  o f  t h e  n e e d  f o r  d e v e l o p m e n t  o f  s t o c k i n g  p o l i c i e s  p r e d i c a t e d  o n  a
s t a b l e  a n d / o r  s u s t a i n a b l e  f o r a g e  b a s e . A l t h o u g h  t h e s e  g o a l s  a r e  r e a s o n a b l e
a n d  d e s i r a b l e  w h a t  r e m a i n s  i s  t h e  s u b s t a n t i v e  t a s k  o f  d e v e l o p i n g  t h e  r e s e a r c h
p e r s p e c t i v e , t h e  a n a l y t i c a l  t o o l s  a n d  t h e  p r a c t i c a l  g u i d e l i n e s  t o  m a n a g e m e n t
t h a t  a r e  r e q u i r e d  t o  p u t  t h e  s t r a t e g i c  p l a n n i n g  i n t o  t a c t i c a l  p r a c t i c e . The
i n i t i a l  f o c u s  o f  o u r  w o r k  t o  d a t e  h a s  e m p h a s i z e d  a p p l i c a t i o n s  t o  L a k e
Michigan. P r i n c i p l e s  d e r i v e d  f r o m  t h a t  e f f o r t  c a n  b e  m o d i f i e d  a s  a p p r o p r i a t e
t o  t h e  u n i q u e  c h a r a c t e r i s t i c s  o f  t h e  o t h e r  f o u r  l a k e s  ( S m i t h ,  1 9 7 0 ) .

Al ternat ive  Hypotheses

T h e  s t a t u s  o f  t h e  f o r a g e  b a s e  f o r  s a l m o n i d  p r e d a t o r s  i n  L a k e  M i c h i g a n  i s
t h e  s u b j e c t  o f  s o m e  c o n t e n t i o n .  O n o n e  h a n d , p r e d i c t i o n s  b a s e d  o n
b i o e n e r g e t i c s  m o d e l i n g  a n d  e c o l o g i c a l  r e a s o n i n g  a r e  b e i n g  b o r n e  o u t : ( 1 )
p o p u l a t i o n s  o f  f i s h e s  s u p p r e s s e d  b y  a l e w i f e  c o m p e t i t i o n  a r e  n o w  i n c r e a s i n g
(Crowder and Magnuson 1982), ( 2 )  l a r g e  z o o p l a n k t o n  a r e  m o r e  c o m m o n  ( G i t t e r
1 9 8 2 ) ,  ( 3 )  g r o w t h  r a t e s  o f  s a l m o n  a n d  l a k e  t r o u t  a r e  d e c l i n i n g ,  a n d  ( 4 )  s a l m o n
d i e t  d i v e r s i t y  h a s  i n c r e a s e d . C r o w d e r  ( M S )  d e t a i l s  t h o s e  p r e d i c t i o n s  a n d  t h e
recent  evidence from Lake Michigan. T h e s e  t e n d  t o  s u b s t a n t i a t e  t h e  a r g u m e n t
t h a t  c u r r e n t  l e v e l s  o f  p r e d a t i o n  a r e  e x e r t i n g  a  s t r o n g  i m p a c t  o n  t h e  a l e w i f e
popula t ion , a t  l e a s t  i n  t h e  s o u t h e r n  b a s i n  o f  L a k e  M i c h i g a n . Eck and Brown
( I n  P r e s s )  a r g u e  t h a t  a l e w i f e  a b u n d a n c e  i s  o s c i l l a t i n g  a b o u t  a n  e q u i l i b r i u m
l e v e l  w i t h o u t  t r e a d  a n d  t h a t  i n c r e a s e d  p r e d a t i o n  o n  a l e w i f e  c o u l d  b e
s u b s t i t u t e d  f o r  o t h e r  a g e n t s  o f  n a t u r a l  m o r t a l i t y . I f  a  s i g n i f i c a n t  p o r t i o n
o f  n a t u r a l  m o r t a l i t y  i s  w e a t h e r - r e l a t e d , o r  i f  y e a r  c l a s s  f a i l u r e s  a r e  r e l a t e d
t o  c l i m a t i c  f l u c t u a t i o n s , t h e  l a t t e r  a s s u m p t i o n  m a y  n o t  b e  t r u e . As developed
b y  S t e w a r t  e t  a l .  ( 1 9 8 1 )  t h e  “ p r e d a t o r  i n e r t i a ” b r o u g h t  a b o u t  b y  i n c r e a s e d
s t o c k i n g  o f  l o n g - l i v e d  p r e d a t o r s  c o u l d  s e v e r e l y  h a m p e r  t h e  a b i l i t y  o f  a l e w i f e
t o  r e c o v e r  f r o m  a  p o p u l a t i o n  c r a s h .

T h e  a r g u m e n t s  a d v a n c e d  f r o m  a n  e c o l o g i c a l  p e r s p e c t i v e  a r e  b a s e d  o n  t h e
a s s u m p t i o n  t h a t  s p e c i e s  i n t e r a c t i o n s , n o t a b l y  p r e d a t i o n  a n d  c o m p e t i t i o n ,  h a v e
become a  major  component  of  a lewife  populat ion dynamics  in  Lake Michigan.  An
i m p o r t a n t  a l t e r n a t i v e  v i e w  i s  a d v a n c e d  b y  E c k  a n d  B r o w n  ( I n  P r e s s ) ) ,  w h o
a s s e r t  t h a t  t h e  v a r i a b i l i t y  i n  a l e w i f e  i s  l a r g e l y  d e t e r m i n e d  b y  w e a t h e r -
r e l a t e d  m o r t a l i t y . I n  a  r e l a t e d  p a p e r , E c k  a n d  W e l l s  ( 1 9 8 3 )  c o n c l u d e  t h a t
predat ion by sa lmonids  is  a  minor  component  of  a lewife  morta l i ty  and that  Lake
M i c h i g a n  c o u l d  s u p p o r t  s e v e r a l - f o l d  i n c r e a s e s  i n  s a l m o n i d  s t o c k i n g .  W e
( S t e w a r t  e t  a l . , 1981; Kitchell and Crowder  ms 1984) disagree but feel that the
a l t e r n a t i v e s  n e e d  t o  b e  e f f e c t i v e l y  e v a l u a t e d . T o w a r d  t h a t  e n d  I  h a v e
a t t e m p t e d  a  s i m p l e  a n a l y s i s  w h i c h  f o l l o w s  f r o m  t h e  a s s e r t i o n  t h a t  d e n s i t y -
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independen t  ( i . e .
s t o c k s .

w e a t h e r )  e f f e c t s  a r e  t h e  m a j o r  s o u r c e  o f  v a r i a t i o n  i n  f o r a g e

Based on assessment  ca tches  repor ted  by Wel ls  and Hatch (1984)  and Argyle
( 1 9 8 4 )  I  c o n d u c t e d  a  s i m p l e  c o m p a r i s o n  o f  f o r a g e  s t o c k s  i n  L a k e  M i c h i g a n  a n d
in  Lake  Huron dur ing  the  per iod  of  1973-1983. A s imple  corre la t ion matr ix  was
c o n s t r u c t e d  t o  e v a l u a t e  c o - v a r i a t i o n  i n  a l e w i f e  a n d  s m e l t  p o p u l a t i o n s  i n  b o t h
l a k e s . The assumpt ions  made in  the  analys is  are :

1. V a r i a b i l i t y  i n  w e a t h e r  e f f e c t s  a r e  r e g i o n a l  I n  o t h e r  w o r d s ,
a  year  of  below average winter  temperatures  in  Lake Michigan
should be a  below average year  in  Lake Huron.

2 . W e a t h e r - r e l a t e d  e f f e c t s  o n  m o r t a l i t y  a r e  e x p r e s s e d  i n  d e n s i t i e s
o f  a d u l t  f i s h e s .

I  u s e d  t h i s  a p p r o a c h  t o  t e s t  s e v e r a l  s i m p l e  h y p o t h e s e s :

A. A d u l t  s t o c k s  o f  a l e w i f e  a n d  s m e l t  v a r y  i n d e p e n d e n t l y  i n  r e s p o n s e
t o  w e a t h e r - r e l a t e d  e f f e c t s .

B. Alewife  and smel t  popula t ions  express  densi ty-dependent
i n t e r a c t i o n  b y  v a r y i n g  i n v e r s e l y  d u e  t o  s t r o n g  b i o l o g i c a l
i n t e r a c t i o n s .

c . P r e d a t i o n  r a t e  b y  s t o c k e d  s a l m o n i d s  i s  a  m a j o r  c a u s e  o f  a l e w i f e
a n d / o r  s m e l t  m o r t a l i t y .

T h e  r e s u l t i n g  c o r r e l a t i o n  m a t r i x  ( T a b l e  1 )  d e m o n s t r a t e s  t h a t  s i g n i f i c a n t
c h a n g e s  i n  s e v e r a l  v a r i a b l e s  h a v e  o c c u r r e d  o v e r  t h e  p a s t  e l e v e n  y e a r s . Smelt
h a v e  i n c r e a s e d  i n  b o t h  l a k e s . A l e w i f e  h a v e  d e c r e a s e d  i n  L a k e  M i c h i g a n  a n d
s a l m o n i d  p r e d a t i o n  h a s  i n c r e a s e d  s t r o n g l y  t h e r e . S m e l t  p o p u l a t i o n s  i n  b o t h
l a k e s  s h o w  p o s i t i v e  c o v a r i a t i o n ;  a l e w i f e  d o  n o t . The  a l ewi fe  dec l ine  in  Lake
M i c h i g a n  i s  h i g h l y  c o r r e l a t e d  ( r 2 =  6 9 % )  w i t h  i n c r e a s e d  s a l m o n i d  p r e d a t i o n
r a t e .

T h i s  a n a l y s i s , a l b e i t  s i m p l i s t i c . i n  t h a t  n o  t i m e  l a g s  a r e  i n c l u d e d  o f f e r s
l i t t l e  s u p p o r t  f o r  t h e  i d e a s  t h a t  i n t e r a c t i o n s  b e t w e e n  a l e w i f e  a n d  s m e l t  a r e
d i r e c t  a n d  i m p o r t a n t  c o m p o n e n t s  o f  v a r i a b i l i t y . The re  i s  modes t  ev idence  t ha t
r e g i o n a 1 2 w e a t h e r - r e l a t e d  e f f e c t s  p l a y  s o m e  r o l e  i n  p o p u l a t i o n  d y n a m i c s  o f
s m e l t  ( r  = 4 4 % )  b u t  n o  e v i d e n c e  o f  s i g n i f i c a n t  c o v a r i a t i o n  i n  a l e w i f e
p o p u l a t i o n s . T h e  s t r o n g e s t  i n f e r e n c e  o f  c a u s e  a n d  e f f e c t  i s  t h a t  i n c r e a s e d
s a l m o n i d  p r e d a t i o n  h a s  c a u s e d  d e c r e a s e d  a d u l t  a l e w i f e  a b u n d a n c e  i n  L a k e
Michigan. M y  c o n c l u s i o n  i s  t h a t  a l t h o u g h  w e a t h e r - r e l a t e d  e f f e c t s  h a v e  b e e n  a
major  component  of  a lewife  populat ion dynamics  in  the  past  and may cont inue to
p l a y  a  r o l e , t h e  p r i m a r y  c o m p o n e n t  o f  c h a n g e  i n  t h e  L a k e  M i c h i g a n  a l e w i f e
p o p u l a t i o n  o v e r  t h e  r e c e n t  p a s t  h a s  b e e n  p r e d a t i o n  b y  s t o c k e d  s a l m o n  a n d
t r o u t .

Due to  the  “keystone predator” e f f e c t  o f  s t o c k e d  s a l m o n i d s ,  t h e  s p e c i e s
composi t ion  of  the  forage  base  in  Lake Michigan has  shi f ted  (Hagar  1984,  Wel ls
a n d  H a t c h  1 9 8 4 , Crowder  and Magnuson 1982) . For example, USFWS surveys at
P o r t  W a s h i n g t o n ,  W i s c o n s i n  s h o w  c o n t i n u o u s  c h a n g e  i n  r e l a t i v e  a b u n d a n c e  o f
a l e w i f e  ( F i g u r e  1 )  y e t  t h e  s u m m e r  d i e t s  o f  c o h o  a n d  c h i n o o k  s a l m o n  s a m p l e d
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Table 1.

Corre la t ion matr ix  ( r )  of  Lake Michigan and Lake Huron adul t  a lewife  and
adul t  smel t  popula t ions  dur ing  1973-83 .
and Argyle (1984).

Data are from Hatch and Wells (1984)
The es t imate  of  predat ion by sa lmonids  in  Lake Michigan is

f rom Stewar t  e t  a l .  (1981)  as  modif ied  by Ki tchel l  and Crowder  (MS).  Those
m a r k e d  w i t h  a n  a s t e r i s k  ( * )  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  ( t w o  t a i l e d  t e s t ,
p  <  .05) .

Dependent Huron- - - - - Michigan

V a r i a b l e

Huron Alewife

Year Alewife Smelt Alewife Smelt

-.37 -

Huron Smelt 0.69* -.01 -

Michigan Alewife - . 7 5 * 0.57 -

Michigan Smelt 0.77* - 0 . 6 6 *  -.38 -

Salmonid Predat ion
Rate 0.86* - - . 8 3 * 0 .48



Fig.  1. Changes in relative abundance of forage fishes in USFWS fall trawl
surveys off Port Washington, Wisconsin (upper panel) compared with relative
diet components of coho and chinook salmon sampled at Port Washington during
summer 1983. Diet data are from Hagar (1984).
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there  cont inue to  be  dominated by a lewife  prey (Hagar ,  1984) . I t  i s  u n c e r t a i n
how increased numbers  of  perch,  b loaters , a n d  s m e l t  w i l l  a f f e c t  t h e  r e s i l i e n c y

o f  t h e  a l e w i f e  p o p u l a t i o n ,  c u r r e n t l y  a t  a  l o w  l e v e l .

S u p e r i m p o s e d  o n  t h i s  u n c e r t a i n t y  a r e  t r e n d s  a t  t h e  p r e d a t o r  l e v e l  t h a t  c a n
o n l y  l e a d  t o  e v e n  g r e a t e r  i m p a c t  o n  a l e w i f e  s t o c k s . T h e s e  i n c l u d e  p u b l i c
p r e s s u r e  t o  i n c r e a s e  s t o c k i n g  a n d  t o  s h i f t  m a n a g e m e n t  e m p h a s i s  t o  t r o p h y
s p e c i e s  ( r a i n b o w  t r o u t  a n d  c h i n o o k  s a l m o n )  a t  t h e  e x p e n s e  o f  c o h o  s a l m o n .  I n
a d d i t i o n , i m p r o v e m e n t s  i n  h a t c h e r y  a n d  s t o c k i n g  p r o c e d u r e s  l e a d  t o  g r e a t e r
s u r v i v a l  t o  s t o c k e d  f i s h . A l t h o u g h  c u r r e n t  p o l i c y  c a l l s  f o r  n o  i n c r e a s e  i n
s t o c k i n g  r a t e , i t  i s  u n l i k e l y  t h a t  s u r p l u s  f i s h  w i l l  b e  d i s c a r d e d ,  a s
e v i d e n c e d  b y  r e c e n t  e x p e r i e n c e i n  W i s c o n s i n  w h e r e  a  1 5 %  s u r p l u s  w a s
d i s t r i b u t e d  a n d  s t o c k e d . W e  s h o u l d  e x p e c t  t h e  s a m e  i n  o t h e r  s t a t e s , Our
a b i l i t y  t o  d i r e c t l y  c o n t r o l  p r e d a t i o n  t h r o u g h  m a n i p u l a t i o n  o f  s a l m o n i d
s t o c k i n g  r a t e s  m a y  b e  g r e a t l y  e r o d e d  i f  s u c c e s s f u l  n a t u r a l  r e p r o d u c t i o n  b y
l a k e  t r o u t  i s  r e a l i z e d , i f  s t r e a m - r u n  s a l m o n i d s  ( e . g . ,  r a i n b o w  t r o u t )  i n c r e a s e
r e c r u i t m e n t  f r o m  n a t u r a l  r e p r o d u c t i o n , a n d  i f  t h e  i n v a s i o n  o f  t h e  p i n k  s a l m o n
r e s u l t s  i n  a  p e r m a n e n t  a d d i t i o n  t o  t h e  f a u n a .

Predator-prey problems are  not  conf ined to  Lake Michigan. For  example ,  a
r ecen t  dec l i ne  i n  t he  cond i t i on  o f  l ake  t r ou t  i n  wes t e rn  Lake  Supe r io r  may  be
a t t r i b u t a b l e  t o  a  d e c l i n e  i n  s m e l t , t h e  p r i n c i p a l  p r e y  o f  b o t h  t r o u t  a n d
s t o c k e d  s a l m o n  i n  t h a t  l a k e . T h e  t r o u t  a n d  s a l m o n  a p p a r e n t l y  h a v e  n o t
s w i t c h e d  t o  c o n s u m p t i o n  o f  l a k e  h e r r i n g , wh ich  a r e  cu r r en t ly  i nc reas ing  in
numbers.

A Need for  Predict ion-  - -  - -  - - - - - - -

T h e  f u t u r e  o f  p r e d a t o r - p r e y  s y s t e m s  i n  G r e a t  L a k e s  e c o s y s t e m s  w i l l  b e
d i f f i cu l t  t o  p r ed i c t  because  t he  dominan t  member  o f  f i sh  commun i t i e s  a r e  non -
n a t i v e  s p e c i e s  w i t h  l i t t l e  o r  n o  c o - e v o l u t i o n a r y  h i s t o r y . I n  a d d i t i o n ,  t h e r e
i s  l e s s e n e d  p r o s p e c t  t h a t  n a t u r a l  r e g u l a t o r s  o f  p r e d a t i o n  e f f e c t s  w i l l  o p e r a t e
e f f e c t i v e l y  b e c a u s e  r e c r u i t m e n t  t o  s a l m o n i d  p o p u l a t i o n s  i s  l a r g e l y  d i c t a t e d  b y
e c o n o m i c ,  s o c i a l , a n d  p o l i t i c a l  p r o c e s s e s  g o v e r n i n g  h a t c h e r y  p r o d u c t i o n  a n d
s t o c k i n g  r a t e s  r a t h e r  t h a n  t h r o u g h  n a t u r a l  e c o l o g i c a l  p r o c e s s e s . T h a t  c o n t r o l
o v e r  p r e d a t o r  p o p u l a t i o n s  i s  o f  t r e m e n d o u s  p o t e n t i a l  a d v a n t a g e  i f  a n
eco log i ca l  r a t i ona l e  can  be  deve loped .

T h e  l i t e r a t u r e  o f  e c o l o g y  a n d  f i s h e r i e s  p r o v i d e s  a b u n d a n t  e x a m p l e s  o f
c a l a m i t o u s  c h a n g e s  i n  n a t u r a l  s y s t e m s  d u e  t o  t h e  i n s t a b i l i t y  a n d
u n p r e d i c t a b i l i t y  o f  e f f e c t s  c a u s e d  b y  i n t r o d u c e d  p r e d a t o r s  ( U r s i n ,  1 9 8 2 ) . How
t h e n , c a n  w e  e s t i m a t e  t h e  c a r r y i n g  c a p a c i t y  o f  s a l m o n  a n d  t r o u t  s t o c k e d  i n
t h e s e  s y s t e m s ? There  i s  o f  cou r se , n o  s i n g l e  a n s w e r  t o  t h a t  q u e s t i o n .  A s
d e s c r i b e d  b y  B u s i a h n  i n  t h i s  v o l u m e , one  can  e s t ima te  t he  l i ke ly  bounda r i e s
d i c t a t e d  b y  t h e r m o - d y n a m i c  c o n s t r a i n t s . W i t h i n  t h o s e  l i m i t s  t h e  s p e c i e s
i n t e r a c t i o n s  i n v o l v e d  p l u s  a  l a r g e  e l e m e n t  o f  s t o c h a s t i c i t y  c a n  b e  e v a l u a t e d
t o  n a r r o w  t h e  r e a l m  o f  p o s s i b i l i t i e s . A  m o r e  a p p r o p r i a t e  q u e s t i o n  i s : What
a r e  t h e  b o u n d a r y  c o n d i t i o n s  o f  n a t u r a l  v a r i a t i o n  t h a t  p r o v i d e  f o r  s t a b l e  c o -
e x i s t e n c e  o f  t h e  s p e c i e s  i n v o l v e d  i n  t h e s e  t r o p h i c  s y s t e m s ? T h e r e  a r e  t w o
general  ways  to  answer  these  quest ions . One approach is  to  cont inue  expanding
s t o c k i n g  r a t e s  u n t i l  m a j o r  c o m m u n i t y  t r a n s f o r m a t i o n s  a r e  e f f e c t e d . T h i s  i s
a n  u n d e s i r a b l e  a p p r o a c h  b e c a u s e  o f  t h e  p o l i t i c a l  a n d  e c o n o m i c  i n s t a b i l i t i e s
t h a t  w i l l  r e s u l t . I f  m a j o r  c h a n g e s  a r e  f o r c e d  b y  p r e d a t o r  s t o c k i n g ,  t h e
p r e d a t o r y  i n e r t i a  m a y  b e  s o  g r e a t  t h a t  m a n y  y e a r s  m a y  b e  r e q u i r e d  b e f o r e
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s t e a d y  s t a t e  c o n d i t i o n s  c a n  b e  r e - e s t a b l i s h e d .

T h e  s e c o n d  a p p r o a c h  i n v o l v e s  a  c o m b i n a t i o n  o f  m o d e l i n g  a n d  e c o l o g i c a l
r e a s o n i n g . The model ing s tudies  and components  of  the  ecological  approach are
d e t a i l e d  i n  S t e w a r t  e t  a l . ,  ( 1 9 8 1 , 1983) and Kitchell and Crowder (MS). A new
c o m p o n e n t  t o  b e  d e v e l o p e d  i s  t h a t  o f f e r e d  t h r o u g h  t h e  p a l e o e c o l o g i c a l
approach. T h e  b a s i s  f o r  t h i s  w o r k  i s  t h e  a r g u m e n t  t h a t  t h e  s e d i m e n t s  o f  t h e s e
l a k e s  a r e  a r c h i v e s  t h a t  c o n t a i n  z o o p l a n k t o n  r e m a i n s  i n d i c a t i v e  o f  t h e
preda to r -p rey  s y s t e m s  ope ra t i ng  i n  t he  ove r ly ing  wa te r  co lumn . The dynamics
and  compos i t i on  o f  t he  zoop lank ton  communi ty  a r e  w ide ly  r ecogn ized  a s  h igh ly
r e s p o n s i v e  t o  p r e d a t o r  e f f e c t s  a n d  h a v e  b e e n  s u c c e s s f u l l y  u s e d  a s  i n d i r e c t  a n d
i n t e g r a t i v e  s o u r c e  o f  i n s i g h t s  f o r  t h e  w h o l e  e c o s y s t e m  ( K i t c h e l l  a n d  K i t c h e l l
1980, Kerfoot 1981).

A s  a  p r e l i m i n a r y  s t u d y , w e  a n a l y z e d  s a m p l e s  o f  s e d i m e n t s  t a k e n  i n  b o x
c o r e s  f r o m  a  d e e p - w a t e r  s t a t i o n  i n  t h e  s o u t h e r n  b a s i s  o f  L a k e  M i c h i g a n . This
coring program was conducted in 1981-82 by the NOAA Great Lakes Environmental
R e s e a r c h  L a b o r a t o r y  a n d  t h e  s a m p l e s  p l u s  b a c k g r o u n d  a n a l y s e s  w e r e  p r o v i d e d
t h r o u g h  t h e  c o u r t e s y  o f  D r .  B r i a n  E a d i e . A  c o m p l e t e  d e s c r i p t i o n  o f  t h e
a n a l y s i s  i s  f o r t h c o m i n g  ( K i t c h e l l  a n d  C a r p e n t e r  i n  p r e p .  )  b u t  t h e  s a l i e n t
f e a t u r e s  a r e  s t a t e d  h e r e  a s  e v i d e n c e  o f  t h e  p o t e n t i a l  o f - t h i s  a p p r o a c h .

Cladoceran remains  in  Lake Michigan sediments  were  sparse . Only the  head
s h i e l d s  a n d  c a r a p a c e s  o f  B o s m i n a  l o n g i r o s t r i s  o c c u r r e d  i n  s u f f i c i e n t  a b u n d a n c e
f o r  q u a n t i t a t i v e  e v a l u a t i o n . B .  l o n g i r o s t r i s  i s  a  m a j o r  c o m p o n e n t  o f  L a k e
M i c h i g a n  z o o p l a n k t o n , a n d  i s  p r e y e d  u p o n  b y  b o t h  f i s h e s  ( W e l l s  1 9 7 0 )  a n d
p r e d a c e o u s  i n v e r t e b r a t e s  s u c h  a s  M y s i s  a n d  t h e  l a r g e  c o p e p o d s  ( G i t t e r  1 9 8 2 ,
Evans e t  a l 1 9 8 0 ) . I n  f a c t , 9 0 %  o r  m o r e  o f  t h e  o r g a n i c  r e m a i n s  f o u n d  i n
d e e p - w a t e r  s e d i m e n t  t r a p s  i n  L a k e  M i c h i g a n  a r e  d e r i v e d  f r o m  f e c a l  p e l l e t s  ( B .
E a d i e ,  p e r s . Comm.)  indicat ing that , a s  i n  t he  mar ine  env i ronmen t ,  deep -wa te r
s e d i m e n t s  a r e  a n  a r c h i v e  o f  p r e d a t i o n  p r o c e s s e s ,  ( L e v i n t o n ,  1 9 8 2 ) .

O u r  p r e l i m i n a r y  a n a l y s e s  i n v o l v e d  c o u n t s  a n d  m e a s u r e m e n t s  o f  B o s m i n a- - - - - - -
r e m a i n s  f o u n d  i n  o n e - h a l f  t o  o n e  c e n t i m e t e r  t h i c k  s u b s a m p l e s  f r o m  s e g m e n t s  o f
t h e  t o p  2 0  c m  o f  a  c o r e  w h i c h  h a s  b e e n  a g e - d a t e d  u s i n g  l e a d  a n d  c e s i u m
i s o t o p e s . L i n e a r  s e d i m e n t a t i o n  r a t e  a t  t h i s  s i t e  i s  a p p r o x i m a t e l y  0 . 3  c m / y r .
T h u s  t h e  c o r e  r e p r e s e n t s  m a t e r i a l  d e p o s i t e d  o v e r  t h e  p a s t  1 5 0 - 1 7 5  y e a r s .  A
m i x i n g  d e p t h ,  d u e  p r i m a r i l y  t o  b i o t u r b a t i o n , o f  a b o u t  1  c m  i s  e s t i m a t e d  b y  t h e
N O A A  t e a m  ( E a d i e ,  p e r s .  C o m m . ) . We made morphological  measurements  on a t
leas t  50  Bosmina carapaces  f rom each subsample . O u r  r e s u l t s  r e v e a l e d :

1. D e p o s i t i o n  r a t e s  o f  f o s s i l  p a r t s  ( b a s e d  o n  a d d e d  k n o w n  a m o u n t s  o f
E u c a l y p t u s  p o l l e n )  a r e  h i g h l y  v a r i a b l e  b u t  w i t h i n  t h e  r a n g e s  r e p o r t e d  b y
o t h e r s  ( K e r f o o t  1 9 8 1 ) . D e p o s i t i o n  r a t e  i n c r e a s e d  s h a r p l y  a t  d e p t h s  o f  8 - 1 0
cm.

2. Bosmina carapace  s izes  showed no apparent  t rend over  core  depth .

3 . L e n g t h  o f  t h e  m u c r o n  ( t h e  p o s t e r i o r  s p i n e  o f  B o s m i n a  c a r a p a c e s )
e x h i b i t e d  d r a m a t i c  c h a n g e s  a s  d i d  w i d t h  o f  t h e  a n t e n n u l e  a t  i t s  b a s e .
A n t e n n u l e s  a r e  u s u a l l y  b r o k e n  i n  t h e s e  s a m p l e s  b u t  t h e  b a s a l  w i d t h  i s
c o r r e l a t e d  w i t h  l e n g t h . Together , mucron length and antennule  width are  taken
a s  e v i d e n c e  o f  a d a p t i v e , a n t i - p r e d a t o r y  m o r p h o l o g y . M e a n s  a n d  t h e i r  9 5 %
c o n f i d e n c e  i n t e r v a l s  a r e  p r e s e n t e d  i n  F i g u r e  2 .
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F i g u r e  2 . B o s m i n a  l o n g i r o s t r i s  d e n s i t i e s ,  c a r a p a c e  s i z e s ,  a n t e n n u l e  w i d t h
at  the  base  and mucron length der ived f rom a sediment  core  taken
by NOAA-GLFRL personnel in Lake Michigan during 1981. Means and 95%
confidence intervals  are  given for  morphometr ic  measurements .
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B a s e d  o n  t h e  a n a l y s e s  a n d  i n t e r p r e t a t i o n  o f  c h a n g e s  i n  B o s m i n a  m o r p h o l o g y
r e p o r t e d  b y  K e r f o o t  ( 1 9 8 1 ) ,  w e  i n t e r p r e t  t h e  s i g n i f i c a n t  c h a n g e s  o b s e r v e d  a t
8 - 1 0  c m  d e p t h  a n d  d e p t h  a s  r e s p o n s e s  i n  t h i s  c l o n a l  s p e c i e s  t o  m a j o r  s h i f t s  i n
t h e  b a l a n c e  o f  s e l e c t i o n  p r e s s u r e s  i n d i c a t i v e  o f  c o m m u n i t y  c h a n g e s .

A s s u m i n g  a  m i x i n g  d e p t h  o f  1  c m , B o s m i n a  m u c r o n  l e n g t h s  c h a n g e d
d r a m a t i c a l l y  f r o m  l o n g - f e a t u r e d  m o r p h s  t o  s h o r t - f e a t u r e d  m o r p h s  d u r i n g  a
p e r i o d  s o m e  2 0 - 2 5  y e a r s  b e f o r e  t h e  c o r e  w a s  t a k e n :  i . e .  d u r i n g  t h e  l a t e  1 9 5 0 ’ s
and  ear ly  1960’s . This  corresponds with  the  per iod when alewife  abundance was
r a p i d l y  i n c r e a s i n g  i n  s o u t h e r n  L a k e  M i c h i g a n  ( W e l l s ,  1 9 7 0 )  a n d  l a r g e - b o d i e d
z o o p l a n k t o n  ( c l a d o c e r a n s  a n d  c o p e p o d s )  w e r e  s u b s t a n t i a l l y  r e d u c e d  t h r o u g h
h e a v y  s i z e - s e l e c t i v e  p r e d a t i o n  b y  a l e w i f e . A n  e s t i m a t e  o f  d e p t h  i s  g i v e n  f o r
1960  in  F ig .  1 . T h e  l o n g - s p i n e d  B o s m i n a  m o r p h  d o m i n a n t  b e f o r e  t h e  a l e w i f e
i n v a s i o n  w a s  p r e s u m a b l y  e v i d e n c e  o f  a n t i - p r e d a t o r  m o r p h o l o g y  s e l e c t e d  f o r  a s
defense  agains t  copepods . B o s m i n a  s p i n e  l e n g t h  h a s  l i t t l e  o r  n o  e f f e c t  o n
M y s i s  o r  o n  f i s h e s  a s  p r e d a t o r s  ( G .  W a r r e n , Ctr. Great Lakes Res. Milwaukee
pers .  Comm.;  Kerfoot .  1981) . A l e w i f e  r e d u c e d  t h e  p o p u l a t i o n s  o f  p r e d a c e o u s
c o p e p o d s  ( e . g .  M e s o c y c l o p z ,  C y c l o p s , L imnoca l anus  and )  t o  ve ry  l ow  l eve l s
( E v a n s  e t  a . , 1 9 8 0 )  t h e r e b y  r e d u c i n g  s e l e c t i o n  p r e s s u r e  f o r  a n t i - c o p e p o d
m o r p h o l o g y  a n d  a  s h o r t - f e a t u r e d  m o r p h  d o m i n a t e d  u n t i l  v e r y  r e c e n t l y  ( F i g u r e
2 ) .

In  o the r  words ,  Bosmina  morpho logy  can  be  u sed  t o  documen t  t he  adven t ,- - - - - -
dominance  and - -mos t  impor t an t l y - - r ecen t  dec l i ne  i n  t he  impac t  o f  a l ewi f e  on  L .
M i c h i g a n  z o o p l a n k t o n . T h u s  i t  c a n  a l s o  s e r v e  a s  a n  i n d i r e c t  i n d i c a t o r  o f
a l e w i f e  p o p u l a t i o n s  w h i c h  w e  a r g u e  e l s e w h e r e  h a v e  b e e n  r e c e n t l y  d e p r e s s e d
t h r o u g h  i n t e n s e  p r e d a t i o n  b y  s t o c k e d  s a l m o n i d s  ( S t e w a r t  e t  a l .  1 9 8 1 ) . I n  t h a t- -
paper , we a lso  argued that  the  dynamics  of  zooplankton would be  among the  bes t
i n d i c a t o r s  o f  p r e d a t o r - p r e y  s y s t e m s  o p e r a t i n g  i n  L a k e  M i c h i g a n . Crowder’s
c o n t r i b u t i o n  t o  t h e s e  p r o c e e d i n g s  f u r t h e r  a m p l i f i e s  t h a t  c o n c l u s i o n .

T w o  p r o s p e c t s  f o r  r e s e a r c h  f o l l o w  f r o m  t h i s  r e s u l t :

1. I n  e a c h  o f  t h e  G r e a t  L a k e s  t h e r e  e x i s t s  a n  a r c h i v e  o f  p r e d a t i o n
e f f e c t s . A s  i n  t h e  L a k e  M i c h i g a n  c o r e , t he  t im ing  and  magn i tude  o f  ma jo r
d y n a m i c s  o f  t h e  p r e d a t o r - p r e y  s y s t e m s  m a y  b e  r e c o n s t r u c t e d  t h r o u g h  a n a l y s i s  o f
c o r e  m a t e r i a l . A s  t h e  a l e w i f e  i n v a s i o n  i s  l e s s - w e l l  d o c u m e n t e d  i n  L a k e s
Huron, E r i e  and  On ta r i o  and  neve r  occu r r ed  i n  Lake  Supe r io r ,  co r e s  f rom each
o f  t h o s e  l a k e s  c a n  b e  a n a l y z e d  t o  d e d u c e  t h e i r  h i s t o r i e s .

2. T h e  s e c o n d  r e s e a r c h  p e r s p e c t i v e  d e r i v e s  f r o m  e x a m i n a t i o n  o f  t h e  d a t a
p r e s e n t e d  i n  F i g u r e  2 . Bosmina  morphology appears  to  exhibi t  s t rong prospect
a s  a n  i n d i c a t o r  o f  a l t e r n a t e  s t e a d y - s t a t e  b e h a v i o r  i n  t h e  p r e d a t o r - p r e y
system. T h e  r e s p o n s e s  a r e  n e i t h e r  g r a d a t i o n a l  n o r  l i n e a r l y  r e l a t e d  t o  a l e w i f e
e f f e c t s  s u g g e s t i n g  t h e  c o m b i n a t i o n  o f  s w i t c h i n g  a n d  d e p e n s a t o r y  m e c h a n i s m s
o f t e n  o b s e r v e d  a s  s y s t e m s  c h a n g e  s t a t e  ( H o l l i n g ,  1 9 7 8 ;  W a l t e r s  e t  a l 1 9 8 0 ) .
S i n c e  w e  d o  n o t  k n o w  t h e  c a r r y i n g  c a p a c i t y  o f  t h e s e  s y s t e m s  a s  c u r r e n t l y
p o p u l a t e d  b y  n o n - n a t i v e  s p e c i e s , w e  m i g h t  d e r i v e  i n s i g h t s  f r o m  t h e  k i n d s  o f
ev idence  o f f e r ed  t h rough  a  pa l eoeco log i ca l  app roach . The zooplankton of Lake
M i c h i g a n  a p p e a r  n o w  t o  b e  e x h i b i t i n g  a  r e v e r s a l  o f  t h e  a l e w i f e  e f f e c t .

C o m p a r i n g  t h e  p a l e o e c o l o g i c a l  e v i d e n c e  w i t h  o p e n  w a t e r  c o l l e c t i o n s  a n d
w i t h  r e c e n t  s e d i m e n t s  p r o v i d e s  a  b a s i s  f o r  d e v e l o p i n g  a n  i n t e g r a t e d  i n d i c a t o r
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o f  t h e  e x t e n t  t o  w h i c h  c u r r e n t  p r e d a t o r - p r e y  s y s t e m s  a r e  d i s p l a c e d  f r o m  t h e i r
a n c e s t r a l  c o n d i t i o n . T h i s ,  t h e n , W i l l  a l s o  l e a d  t o  c o m p a r i s o n s  w i t h i n  a n d
a m o n g  t h e  o t h e r  l a k e s . A l t h o u g h  w e  c a n n o t  e x p e c t  t o  p r e d i c t  c a r r y i n g
c a p a c i t i e s  o r  c o n d i t i o n s  f o r  s t a b l e  c o - e x i s t e n c e  f o r  t h e s e  s y s t e m s ,  w e  c a n
d e v e l o p  a  m o r e  r e a l i s t i c  e x p e c t a t i o n  o f  t h e  l i k e l i h o o d  a n d  p o s s i b l e  m a g n i t u d e
of  change that  may be  affected through manipula t ion.

B ioene rge t i c s  mode l i ng  can  be  u sed  t o  i nves t i ga t e  cu r r en t  Sa lmon id - fo r age
i n t e r a c t i o n s . I t  now seems necessary,  however , t o  c o n s i d e r  t h e  n o r t h e r n  a n d
s o u t h e r n  b a s i n s  o f  L a k e  M i c h i g a n  s e p a r a t e l y . T h e  s o u t h e r n  b a s i n  i s  m o s t
s u b j e c t  t o  c h a n g e s  i n  t h e  c o m p o s i t i o n  a n d  i n t e n s i t y  o f  s a l m o n i d  s t o c k i n g ;  t h e
n o r t h e r n  b a s i n  i s  m o s t  s u b j e c t  t o  c h a n g e s  i n  n a t u r a l  r e c r u i t m e n t ,  e s p e c i a l l y
by s t ream-spawning species . Moreover, c h a n g e s  i n  t h e  f o r a g e  f i s h e s  a p p e a r  t o
o c c u r  s o o n e r  i n  t h e  s o u t h e r n  b a s i n , a n d  a l e w i f e  s t o c k s  i n  t h e  s o u t h e r n  b a s i n
m a y  b e  s u b j e c t  t o  g r e a t e r  f l u c t u a t i o n s  ( H a t c h  e t  a l 1981). Current  s tocking
a n d  s p o r t  f i s h i n g  m o r t a l i t y  r a t e s  f o r  m o d e l  i n p u t  m u s t  b e  u p d a t e d  b y  t h e  b e s t
e s t i m a t e s  t h a t  c a n  b e  p r o v i d e d  b y  t h e  v a r i o u s  s t a t e  a n d  f e d e r a l  a g e n c i e s  a n d
can be  combined wi th  the  resul ts  of  the  ongoing s tudies  such as  the  Sea  Grant-
s p o n s o r e d  s a l m o n i d  d i e t  s u r v e y . I n f o r m a t i o n  o n  d i e t  c o m p o s i t i o n  a n d  p r e y
s i z e s  c a n  b e  u s e d  t o  d e c o m p o s e  m o d e l  e s t i m a t e s  o f  t o t a l  b i o m a s s  c o n s u m e d
d u r i n g  a  p e r i o d  i n t o  e s t i m a t e s  o f  t h e  n u m b e r  o f  e a c h  p r e y  t y p e  e a t e n ,
p r o v i d i n g  e s t i m a t e s  o f  p r e d a t i o n - i n d u c e d  m o r t a l i t y  r a t e s  ( R i c e  a n d  C o c h r a n
1984). Rela t ionships  between sa lmonid growth ra tes  and a lewife  abundance can
b e  u s e d  t o  d e v e l o p  f u n c t i o n a l  r e s p o n s e  c u r v e s  r e l a t i n g  c o n s u m p t i o n  o f  a l e w i v e s
t o  t h e i r  a b u n d a n c e . The re  now ex i s t s  su f f i c i en t  change  i n  a l ewi f e  abundance
a n d  s a l m o n i d  g r o w t h  r a t e s  t o  a l l o w  t h i s  f u n c t i o n a l  r e s p o n s e  a n a l y s i s .

M o d e l i n g  c a n  b e  e x t e n d e d  t o  s i m u l a t i o n s  o f  p o s s i b l e  f u t u r e  s c e n a r i o s .
These include changes in  management  pol icy, s h i f t s  i n  t h e  f o r a g e  b a s e ,  n a t u r a l
r e p r o d u c t i o n  b y  l a k e  t r o u t , a n d  t h e  p r o s p e c t  o f  s t o c k i n g  s t e r i l e  c h i n o o k
sa lmon  wh ich  do  no t  ma tu re  s exua l l y  t he r eby  p rov id ing  a  new  t rophy  f i she ry  a s
they  con t inue  to  g row. Answers  should  be  sought  for  such ques t ions  as : What
c o m b i n a t i o n s  o f  s a l m o n i d  p r e d a t o r s  w i l l  r e s u l t  i n  a n  e q u a l  i m p a c t  o n  t h e
a l e w i f e , a n d  w h a t  t r a d e - o f f s  a r e  i n v o l v e d ? W h a t  e f f e c t  w o u l d  a  s w i t c h  t o
consumpt ion  o f  pe r ch  and  b loa t e r  by  s a lmon ids  i n  l i eu  o f  a l ew i f e  have  on  t he
commerc i a l  and  r ec r ea t i ona l  f i she r i e s? How are  species  in teract ions  among the
z o o p l a n k t i v o r o u s  f o r a g e  f i s h e s  e x p r e s s e d  i n  t h e  z o o p l a n k t o n  c o m m u n i t y ? How
m a y  t h e  r e c e n t  c h a n g e s  i n  a l e w i f e  a b u n d a n c e , s a l m o n i d  g r o w t h  r a t e s  a n d
z o o p l a n k t o n  c o m m u n i t y  s t r u c t u r e  b e  u s e d  a s  a  b a s i s  f o r  e s t i m a t i n g  p r e d a t o r
ca r ry ing  capac i ty?

U n f o r t u n a t e l y  , w e  c a n n o t  r e l y  o n  t h e  t r a d i t i o n a l  t o o l s  o f  f i s h e r y
popula t ion  dynamics  for  adequate  answers  to  these  ques t ions . Those approaches
y i e l d  p o s t  h o c  a n s w e r s  a n d  s e r v e  o n l y  a s  a  b a s i s  f o r  r e a c t i v e  m a n a g e m e n t .  W e
c a n  d e v e l o p f o r e c a s t i n g  t e c h n i q u e s  a n d  c o n d u c t  b o n a  f i d e  h y p o t h e s i s  t e s t i n g  i f
f i she r i e s  da t a ,  e co log i ca l  r e a son ing  and  mode l ing  t e chn iques  a r e  deve loped  fo r
t h e  p e r t i n e n t  q u e s t i o n s . T h e  h i s t o r y  o f  G r e a t  L a k e s  f i s h  c o m m u n i t i e s  h a v e
been dominated by surpr ises  and calamitous  change. We can only expect more of
t h e  s a m e  u n l e s s  w e  a r e  w i l l i n g  t o  t a k e  t h e  r i s k s  a n d  i n i t i a t i v e s  r e q u i r e d  t o
deve lop  p r ed i c t i ve  t oo l s  ba sed  on  an  eco log i ca l  pe r spec t i ve .
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I n d i c a t o r s  o f  t h e  S t a t u s  o f  C o l d  W a t e r  P r e d a t o r - P r e y  S y s t e m s

L a r r y  B .  C r o w d e r
D e p a r t m e n t  o f  Z o o l o g y

N o r t h  C a r o l i n a  S t a t e  U n i v e r s i t y
R a l e i g h ,  N o r t h  C a r o l i n a  2 7 6 9 5 - 7 6 1 7

T h e  r e c e n t  a n d  h i s t o r i c a l  d y n a m i c s  o f  G r e a t  L a k e s  f i s h  c o m m u n i t i e s
h a v e  i n d i c a t e d  t h a t  t h e s e  s y s t e m s  c a n  c h a n g e  r a p i d l y  b a s e d  o n  d y n a m i c s  o f
p r e d a t o r - p r e y  s y s t e m s . T h e  r e c e n t  d e c l i n e  i n  t h e  L a k e  M i c h i g a n  a l e w i f e
p o p u l a t i o n  c o u l d  b e  d u e  t o  i n c r e a s e s  i n  s a l m o n i d  s t o c k i n g  r a t e s  ( S t e w a r t
e t  a l .  1 9 8 1 ) , b u t  E c k  a n d  B r o w n  ( 1 9 8 5 )  h a v e  a r g u e d  t h a t  t h e  a l e w i f e
d e c l i n e  i s  m o r e  l i k e l y  d u e  t o  a  s e r i e s  o f  c o l d  w i n t e r s  b e g i n n i n g  i n  1 9 7 6 .
R e g a r d l e s s  o f  t h e  m e c h a n i s m ( s )  c a u s i n g  t h e  i n i t i a l  d e c l i n e  o f  t h e  a l e w i f e
p o p u l a t i o n , i f  t h e  s a l m o n i d  p r e d a t o r s  d o  n o t  s w i t c h  f r o m  f e e d i n g
p r e d o m i n a n t l y  o n  t h e  a l e w i f e , d e p e n s a t o r y  m o r t a l i t y  w i l l  r e s u l t .  I n  t h i s
p a p e r ,  I  w i l l  r e v i e w  t h e  p r o j e c t i o n s  o f  S t e w a r t  e t  a l .  ( 1 9 8 1 )  r e g a r d i n g
i n d i c a t o r s  o f  c h a n g e  i n  t h e  s a l m o n i d - a l e w i f e  s y s t e m  a n d  s u g g e s t  w h i c h ,  i f
a n y ,  m i g h t  b e  u s e f u l  f o r  i n d i c a t i n g  f u t u r e  d y n a m i c s .

S i z e  s e l e c t i v e  p r e d a t o r s  c a n  h a v e  a  p r o f o u n d  i m p a c t  o n  t h e  s t r u c t u r e
o f  a q u a t i c  e c o s y s t e m s  ( B r o o k s  a n d  D o d s o n  1 9 6 5 ) .  M a n i p u l a t i v e  e x p e r i m e n t s
o n  f i s h  p r e d a t o r - p r e y  i n t e r a c t i o n s  i n  s m a l l ,  c o l d  w a t e r ,  o l i g o t r o p h i c
l a k e s  i n  S w e d e n  ( S t e n s o n  e t  a l .  1 9 7 6 ,  H e n r i k s o n  e t  a l .  1 9 8 0 )  s u g g e s t
s t r o n g  f u n c t i o n a l  l i n k a g e s  i n  t h e s e  s y s t e m s . W h e n  t h e  p l a n k t i v o r e s  w e r e
r e m o v e d  e x p e r i m e n t a l l y ,  t h e  z o o p l a n k t o n  i n c r e a s e d  i n  s i z e  d u e  t o  b o t h
c o m p e t i t i o n  a n d  p r e d a t i o n  i n t e r a c t i o n s  w i t h i n  t h e  z o o p l a n k t o n .  O t h e r
c h a n g e s  f u r t h e r  d o w n  t h e  f o o d  c h a i n  ( r e d u c e d  p r i m a r y  p r o d u c t i v i t y ,
r e d u c e d  p H  a n d  n u t r i e n t s , i n c r e a s e d  w a t e r  c l a r i t y )  w e r e  a s s o c i a t e d  w i t h
t h e  o b s e r v e d  c h a n g e s  i n  t h e  f i s h - z o o p l a n k t o n  p r e d a t o r  p r e y  s y s t e m .
T h o u g h  t h e s e  e x p e r i m e n t s  w e r e  p e r f o r m e d  i n  s m a l l  l a k e s  ( 1 - 2  h a )  t h e
e x p e c t a t i o n s  s h o u l d  b e  m o r e  g e n e r a l .

I n  L a k e  M i c h i g a n , o n e  m i g h t  e x p e c t  s i m i l a r  s y s t e m - w i d e  c h a n g e s  i n
r e s p o n s e  t o  t h e  e l i m i n a t i o n  o f  t h e  p e l a g i c  p l a n k t i v o r e s . B u t  w e  h a v e
o n l y  r e d u c e d , n o t  e l i m i n a t e d  t h e  a l e w i f e  i n  L a k e  M i c h i g a n . T h u s ,  t h e
e f f e c t s  w h i c h  a p p e a r  s o  o b v i o u s  i n  t h e  e x p e r i m e n t a l  l a k e s  i n  S w e d e n  w i l l
b e  m o r e  d i f f i c u l t  t o  i n t e r p r e t  i n  L a k e  M i c h i g a n . T h o s e  v a r i a b l e s  w h i c h
u n d e r w e n t  s t e p - f u n c t i o n  s h i f t s  i n  t h e  e x p e r i m e n t a l  l a k e s  m i g h t  b e
e x p e c t e d  t o  c h a n g e  g r a d u a l l y  i f  t h e  p l a n k t i v o r e s  a r e  r e d u c e d  m o r e
g r a d u a l l y . F o r e c a s t i n g  i m m i n e n t  c h a n g e s  i n  t h e  s t r u c t u r e  o f  t h e  L a k e
M i c h i g a n  f i s h  c o m m u n i t y  i s  d i f f i c u l t  b e c a u s e  t h e s e  s t r u c t u r a l  c h a n g e s
m a y  b e  b a s e d  o n  t h r e s h o l d  p h e n o m e n a  w h i c h  a r e  c u r r e n t l y  P o o r l y
u n d e r s t o o d .

I n d i c a t o r  v a r i a b l e s

W e  s u g g e s t e d  a  n u m b e r  o f  e c o l o g i c a l  v a r i a b l e s  w h i c h  m i g h t  b e  e x p e c t e d
t o  i n d i c a t e  o r  a c c o m p a n y  a  d e c l i n e  i n  t h e  a l e w i f e  p o p u l a t i o n  ( S t e w a r t  e t
a l .  1 9 8 1 ) . O b v i o u s l y ,  w e  w o u l d  l i k e  t o  i s o l a t e  t h o s e  i n d i c a t o r s  w h i c h
m i g h t  f o r e c a s t  a  c h a n g e  i n  t h e  f o r a g e  b a s e  r a t h e r  d e p e n d  u p o n  t h o s e  w h i c h
t e l l  u s  a  c h a n g e  i s  a l r e a d y  u n d e r w a y . T h e  o r i g i n a l  f o r e c a s t s  i n c l u d e d :

1. I n c r e a s e  i n  t h e  a b u n d a n c e  o f  l a r g e  z o o p l a n k t o n .
2 . R e d u c e d  g r o w t h  r a t e s  o f  s a l m o n ,  p a r t i c u l a r l y  c o h o .  I n c r e a s e d

g r o w t h  r a t e s  i n  a l e w i f e .
3 . I n c r e a s e d  d i e t  b r e a d t h  o f  s a l m o n  a n d  l a k e  t r o u t .
4 . I n c r e a s e d  r e c r u i t m e n t  o f  f i s h e s  s u p p r e s s e d  b y  a l e w i f e .
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Z o o p l a n k t o n  s i z e  c h a n g e s

L a r g e r  z o o p l a n k t o n  h a v e  i n c r e a s e d  i n  a b u n d a n c e  i n  L a k e  M i c h i g a n  s i n c e
t h e  m i d  t o  l a t e  1 9 7 0 s . I n  p a r t i c u l a r , s i z e  s h i f t s  h a v e  b e e n  a p p a r e n t  i n
t h e  c l a d o c e r a n  c o m m u n i t y  o f  t h e  o f f s h o r e  z o n e  ( 3 0 - 5 5 m )  i n  s o u t h e a s t e r n
L a k e  M i c h i g a n  ( G i t t e r  1 9 8 2 ,  E v a n s  p e r s .  c o m m .  1 . Fror 1 9 7 9  t o  1 9 8 1 ,
c l a d o c e r a n s  i n c r e a s e d  i n  m e a n  b o d y  s i z e  b y  22-35s  ( G i t t e r  1 9 0 2 1 . T h i s
s i z e  i n c r e a s e  r e f l e c t e d  d e c l i n e s  i n  t h e  a b u n d a n c e  o f  B o s m i n a  a n d
i n c r e a s e s  i n  t h e  a b u n d a n c e  o f  l a r g e r  n. r e t r o c u r v a  a n d  Q. g a l e a t a .  Fin
e v e n  l a r g e r  D a p h n i a  (Q.  p u l i c a r i a )  f i r s t  a p p e a r e d  i n  o u r  s a m p l e s  i n
1 9 7 9 - 8 0  b u t  w a s  s t i l l  r a r e  i n  t h e  1 9 6 1  s a m p l e s .  Q. p u l i c a r i a  b e c a m e
e x t r e m e l y  c o m m o n  b y  l a t e  s u m m e r  19G2. E v a n s  ( p e r s .  ~#ll. 1 h a s  s i m i l a r
r e s u l t s  s h o w i n g  i n c r e a s e s  i n  l a r g e  z o o p l a n k t o n ,  e s p e c i a l l y  o f s h o r e
c o p e p o d s ,  d a t i n g  b a c k  t o  t h e  m i d  1 9 7 0 s  f o r  s o u t h e a s t e r n  L a k e  M i c h i g a n
a n d  h a s  d o c u m e n t e d  a  d r a m a t i c  i n c r e a s e  o f  Q. p u l i c a r i a  i n  t h e  s u m m e r  o f
1903. O v e r  a l l ,  z o o p l a n k t o n  d e n s i t i e s  i n c r e a s e d  b y  a  f a c t o r  o f  S  i n  t h e
o f f s h o r e  z o n e  f r o m  1 9 7 9 - 1 9 8 1  ( G i t t e r  1 9 8 2 1 .

O n e  m i g h t  e x p e c t  z o o p l a n k t o n  s i z e  t o  b e t t e r  i n t e g r a t e  t o t a l
p l a n k t i v o r y  a n d  b e  a  m o r e  s e n s i t i v e  i n d i c a t o r  o f  c h a n g e s  i n  p l a n k t i v o r e
a b u n d a n c e  t h a n  z o o p l a n k t o n  a b u n d a n c e  w h i c h  c a n  v a r y  b y  a  f a c t o r  o f  2 - 3  i n
t h e  o f f s h o r e  z o n e  f r o m  y e a r  t o  y e a r  ( E v a n s  e t  a l .  19GGl. K i t c h e l l  ( p e r s .
Comm.)  h a s  examined  pa leo l imnologica l  cores  f rom Lake Michigan and found
m o r p h o l o g i c a l  i n d i c a t o r s  o f  c h a n g e s  i n  p l a n k t i v o r y  (Bosnina mum-on
l e n g t h )  w h i c h  m a y  a l s o  b e  h e l p f u l  i n d i c a t o r s .

G r o w t h  R a t  e s

S a l m o n  g r o w t h  r a t e s  h a v e  d e c l i n e d  s t e a d i l y  s i n c e  t h e  e a r l y  1 9 7 0 s ;
c o h o  g r o w t h  r a t e s  h a v e  d e c l i n e d  m o r e  t h a n  c h i n o o k  ( H a g a r  19641. L a k e
t r o u t  g r o w t h  r a t e s  h a v e  a l s o  d e c l i n e d  s i n c e  t h e  e a r l y  1 9 7 0 s . G r o w t h
r a t e s  a r e  e a s y  t o  m o n i t o r , b u t  g e n e r a l l y  s e r v e  a s  p o o r  i n d i c a t o r s  o f
p o t e n t i a l  s y s t e m  c h a n g e  b e c a u s e  t h e y  i n t e g r a t e  u p s  a n d  d o w n s  i n  t h e
f o r a g e  b a s e ,  p a r t i c u l a r l y  i n  l o n g  l i v e d  s p e c i e s  s u c h  a s  l a k e  t r o u t .
S h o r t e r  l i v e d  s p e c i e s , s u c h  a s  c o h o  s a l m o n  s h o u l d  b e  m u c h  m o r e
s e n s i t i v e  t o  r e d u c e d  r a t i o n  l e v e l s . Because growth  ra tes  change
s m o o t h l y ,  i t  i s  d i f f i c u l t  t o  u s e  t h e m  t o  p r e d i c t  s t e p  c h a n g e s  i n
t h e  f o r a g e  c o m m u n i t y . G r o w t h  r a t e s  w i l l  l i k e l y  r e f l e c t  a  c h a n g e  a l r e a d y
u n d e r w a y  a n d  a r e  n o t  g e n e r a l l y  u s e f u l  t o  f o r e c a s t  c h a n g e s  i n  t h e  f o r a g e
community. CIlewife g r o w t h  r a t e s  a p p e a r  t o  h a v e  i n c r e a s e d  i n  r e c e n t
y e a r s  t h o u g h  I  a m  u n a w a r e  o f  a n y  c o m p r e h e n s i v e  d a t a  t o  t e s t  t h i s  i d e a .
H a g a r  ( 1 9 8 4 )  n o t e d  t h a t  t h e  a l e w i v e s  w h i c h  a p p e a r e d  i n  s a l m o n i d  d i e t s
s h o w e d  b e t t e r  “ c o n d i t i o n ” i n  1 9 8 3  t h a n  i n  1 9 8 2 .

G r o w t h  r a t e s  s e e m  a  p o o r  i n d i c a t o r  o f  i m m i n e n t  s y s t e m  c h a n g e .
U n l e s s  w e  e x p e r i e n c e  a  n u m b e r  o f  u p s  a n d  d o w n s  i n  t h e  f o r a g e  b a s e ,  w e
w i l l  n o t  k n o w  w h e n  s a l m o n  g r o w t h  r a t e s  h a v e  f a l l e n  f a r  e n o u g h  t o  s u g g e s t
forage deficiency. T h i s  i s  s o m e w h a t  a n a l o g o u s  t o  t i t r a t i o n  i n
c h e m i s t r y - - a s  w e  a p p r o a c h  a  c o l o r  e n d p o i n t ,  t h e  s a m p l e  i s  c l e a r ,  b u t
s u d d e n l y  c h a n g e s  c o l o r . If  we know from prev ious  exper ience  abou t  how
m u c h  t i t r a n t  w i l l  g e t  u s  c l o s e  t o  t h e  e n d p o i n t ,  w e  c a n  a d d  t i t r a n t
r a p i d l y  u n t i l  w e  a r e  n e a r  t h a t  p o i n t  a n d  t h e n  t i t r a t e  s l o w l y . B u t  i f  w e
h a v e  n o  i d e a  h o w  m u c h  t i t r a n t  m i g h t  b e  n e c e s a r y ,  w e  o f t e n  o v e r r u n  t h e
endpoint. I f  w e  k n o w  f r o m  s a l m o n  g r o w t h  r a t e s  t h a t  w e  a r e  n e a r i n g  a
f o r a g e  d e c l i n e ,  g r o w t h  r a t e s  c o u l d  p e r h a p s  b e  a  u s e f u l  i n d i c a t o r .
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P r e d a t o r  D i e t  D i v e r s i t y

O n c e  t h e  a l e w i f e  d e c l i n e  b e c a m e  a p p a r e n t  i n  1 9 8 2  a n d  1 9 8 3 ,  m a n y  o f  u s
e x p e c t e d  t h e  s a l m o n  a n d  l a k e  t r o u t  t o  r a p i d l y  s w i t c h  t o  a l t e r n a t e  f o r a g e ,
e s p e c i a l l y  s m e l t , b l o a t e r s  a n d  y e l l o w  p e r c h . B e c a u s e  o f  t h e  e x p e c t e d
b e h a v i o r a l  f l e x i b i l i t y  i n  d i e t  s e l e c t i o n , s h i f t s  i n  d i e t  d i v e r s i t y  s e e m e d
t o  h a v e  g o o d  p o t e n t i a l  a s  a n  e a r l y  w a r n i n g  i n d i c a t o r . L a k e  t r o u t  d i e t s
a n d  g r o w t h  h a v e  b e e n  c l o s e l y  m o n i t o r e d , b u t  u n t i l  r e c e n t l y ,  n o  r o u t i n e
m o n i t o r i n g  o f  s a l m o n  d i e t s  w a s  b e i n g  d o n e . H a g a r  ( 1 9 8 4 )  r e c e n t l y
c o m p l e t e d  t w o  y e a r s  o f  s a m p l i n g  f r o m  s p o r t  c a u g h t  f i s h  i n  W i s c o n s i n
w a t e r s  o f  L a k e  M i c h i g a n . H e  f o u n d  t h a t  c o h o  a n d  c h i n o o k  a r e  s t i l l
p r i m a r i l y  e a t i n g  a l e w i f e  ( i n  1 9 8 3 ,  7 1 %  a n d  8 1 %  r e s p e c t i v e l y )  a n d  t h a t
d i e t  d i v e r s i t y  i n c r e a s e d  o n l y  s l i g h t l y  free 1 9 8 2  t o  1 9 8 3 .  I n  l a t e  s u m m e r ,
w h e n  t h e  b i o e n e r g e t i c  daands o f  t h e  s a l m o n  a r e  h i g h e s t ,  d i e t  d i v e r s i t y
w a s  g r e a t  e s t . C h i n o o k  s a l m o n  a d d e d  y e l l o w  p e r c h ;  s c u l p i n s  a n d  e v e n
n i n e s p i n e  s t i c k l e b a c k s  t o  t h e i r  d i e t s  i n  l a t e  s u m m e r  1 9 8 3 ! B o t h  ch inook
a n d  c o h o  h a d  a  h i g h e r  p e r c e n t  e m p t y  s t o m a c h s  i n  1 9 8 3  a n d  m e a n  s t o m a c h
f u l l n e s s  d e c l i n e d  3 5 %  i n  c h i n o o k  a n d  4 2 %  i n  c o h o .  F u r t h e r ,  b o t h  c h i n o o k
a n d  c o h o  w e r e  e a t i n g  s m a l l e r  a l e w i v e s  i n  1 9 8 3  t h a n  i n  1 9 8 2 . I n
1 9 8 2 ,  t h e  a v e r a g e  a l e w i f e  i n  t h e  c h i n o o k  d i e t s  w a s  1 1 0  ma. I n  1 9 8 3 ,
a l e w i f e  m e a n  s i z e  i n  t h e  s t o m a c h s  d e c l i n e d  t o  87an. Flleuives i n
c o h o  d i e t s  d e c l i n e d  f r o m  1 1 4 m m  t o  9 4 m m  o v e r  t h i s  s a m e  p e r i o d .
T h i s  s u g g e s t s  t h a t  t h e  s a l m o n  a r e  e a t i n g  a  s u b s t a n t i a l  n u m b e r  o f
p r e - r e p r o d u c t i v e  a l e w i v e s  w h i c h  c o u l d  r e d u c e  a l e w i f e  r e c r u i t m e n t
fur ther . A l o n g  w i t h  t h e  r e d u c t i o n s  i n  g r o w t h  r a t e s ,  t h e  d i e t  d a t a
s u g g e s t  a  s t r o n g  r e d u c t i o n  i n  a v a i l a b l e  f o r a g e ,  b u t  m u c h  l e s s  s w i t c h i n g
t h a n  o n e  m i g h t  e x p e c t .

W h y  d o n ’ t  t h e  s a l m o n  r e a d i l y  s w i t c h  t o  a l t e r n a t e  p r e y ? I  t h i n k
h a b i t a t  c o n s t r a i n t s  m a y  b e  i m p o r t a n t . S a l m o n  f o r a g e  mos t  r ead i l y  o n
p e l a g i c  s c h o o l i n g  p r e y  s u c h  a s  a l e w i f e . F u r t h e r m o r e , s a l m o n  a r e  m o s t
l i k e l y  t o  f o r a g e  i n  o r  b e l o w  t h e  t h e r m o c l i n e  ( 1 3 - 1 5  C l . S m e l t  s e e m  t h e
m o s t  o b v i o u s  a l t e r n a t e  p r e y  a n d  a c c o u n t  f o r  8 - 1 0 %  o f  d i e t s  i n  b o t h  s a l m o n
i n  1 9 8 2 - 8 3 . T h o u g h  s m e l t  h a v e  b e e n  i n c r e a s i n g  i n  r e c e n t  y e a r s ,  t h e
b i o m a s s  o f  a l e w i f e  a n d  s m e l t  i n  1 9 8 3  w a s  o n l y  4 2 %  o f  t h e i r  a v e r a g e
b i o m a s s  i n  t h e  f i v e  p r e v i o u s  y e a r s  ( 1 9 7 8 - 8 2 ,  W e l l s  a n d  H a t c h  1 9 8 4 ) .
I n  1 9 8 4 ,  a d u l t  a l e w i f e  a n d  s m e l t  b i o m a s s  w a s  r e d u c e d  3 5 %  f r o m
1383 (Wells and Hatch 1985) . B l o a t e r s  h a v e  i n c r e a s e d  s e v e r a l  o r d e r s  o f
m a g n i t u d e  s i n c e  1 9 7 7 ,  b u t  a r e  s t i l l  r a r e  i n  s a l m o n  d i e t s  ( < 5 % .  e x c e p t  i n
t h e  v e r y  s o u t h e r n  e n d  o f  L a k e  M i c h i g a n ,  s e e  H a g a r  1 9 8 4 1 . P e r h a p s  t h i s
i s  d u e  t o  t h e  f a c t  t h a t  b l o a t e r s  a p p e a r  t o  s h i f t  t o  t h e  b o t t o m  a s
y e a r l i n g s  ( C r o w d e r  a n d  C r a w f o r d  1 9 8 4 )  a n d  a r e  t h u s  l e s s  a v a i l a b l e  t o
sa lmon. Y e l l o w  p e r c h  a r e  d i s t r i b u t e d  i n  t h e  n e a r s h o r e  z o n e  i n  m u c h
w a r m e r  w a t e r  t h a n  o n e  m i g h t  e x p e c t  s a l m o n  t o  f o r a g e  t h o u g h  t h e y  w e r e
t a k e n  i n  l a t e  s u m m e r  1 9 8 3  b y  b o t h  c o h o  a n d  c h i n o o k .

R e c r u i t m e n t  o f  N a t i v e  F i s h e s

B l o a t e r s  h a v e  i n c r e a s e d  s e v e r a l  o r d e r s  o f  m a g n i t u d e  s i n c e  1 9 7 7 . O u r
f i e l d  d a t a  s u g g e s t  t h a t  l a r v a l  a n d  y o u n g - o f - y e a r  b l o a t e r s  f e e d  i n  t h e
p l a n k t o n - - f o r  t h e  f i r s t  t e n  d a y s  o r  s o  i n  t h e  h y p o l i m n i o n  a n d  f o r  t h e
r e s t  o f  t h e i r  f i r s t  s u m m e r  n e a r  t h e  s u r f a c e  o f  t h e  l a k e  ( C r o w d e r  a n d
C r a w f o r d  1 9 8 4 1 .  T h e y  r e c r u i t  t o  t h e  b e n t h o s  a s  Y e a r l i n g s ,  s o  t h e
z o o p l a n k t o n  f e e d i n g  p e r i o d  o f  t h e  l i f e  h i s t o r y  c o u l d  C o n s t i t u t e  a
“ b o t t l e n e c k ”  c o n s t r a i n i n g  y e a r  c l a s s  s t r e n g t h . W h e n  b l o a t e r s  d e c l i n e d
i n  t h e  l a t e  1 9 6 0 s  t h e y  e x p e r i e n c e d  recrui tment  problems and zooplankton
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w e r e  s m a l l . I n  t h e  l a t e  1 9 7 0 s ,  s t r o n g  r e c r u i t m e n t  w a s  a s s o c i a t e d  w i t h
a b u n d a n t  l a r g e  z o o p l a n k t o n  i n  t h e  o f f s h o r e  z o n e . R i c e  ( 1 9 8 5 )  h a s
s u g g e s t e d  t h a t  b l o a t e r  y e a r  c l a s s  s t r e n g t h  m a y  b e  i m p r o v e d  w h e n  l a r v a e
g r o w  r a p i d l y  a n d  t h u s  a r e  a v a i l a b l e  t o  l a r v a l  p r e d a t o r s  f o r  a  s h o r t e r
p e r i o d  o f  t i m e . G r o w t h  r a t e s  o f  l a r v a l  b l o a t e r s  i n  L a k e  M i c h i g a n  i n
1 9 8 2 - 8 3  w e r e  e x t r e m e l y  r a p i d  ( R i c e  19651.

Y e l l o w  p e r c h  d e c l i n e d  d r a m a t i c a l l y  i n  t h e  m i d  1 9 6 0 s  i n  r e s p o n s e  t o
t h e  a l e w i f e  i n c r e a s e ,  p e r h a p s  d u e  t o  p r e d a t i o n  b y  a l e w i v e s  o n  l a r v a e
( W e l l s  1 9 7 7 ) . I n  1 9 8 2  a n d  1 9 8 3 ,  e x t r e m e l y  l a r g e  y e a r  c l a s s e s  o f  p e r c h
w e r e  f o r m e d ,  p e r h a p s  t h e  l a r g e s t  s i n c e  t h e  1954k ( W e l l s  a n d  H a t c h  1 9 8 4 ) .
T h e  m e c h a n i s m s  u n d e r l y i n g  t h e s e  s t r o n g  y e a r  c l a s s e s  a r e  u n c l e a r ,  b u t
z o o p l a n k t o n  a b u n d a n c e  i n  t h e  n e a r s h o r e  z o n e  i n  1 9 8 2 - 1 9 8 3  w a s  l o w  r e l a t i v e
t o  t h a t  i n  p r e v i o u s  y e a r s  ( E v a n s ,  p e r s . c o m m . )  t h o u g h  t h e  z o o p l a n k t o n
a v a i l a b l e  w e r e  f a i r l y  l a r g e . T h e  s h o r t a g e  o f  n e a r s h o r e  z o o p l a n k t o n  i n
1 9 8 2 - 8 3  c o r r e l a t e s  w i t h  s t r o n g  y e a r  c l a s s e s  w h i c h  s u g g e s t s  t h a t  w h a t e v e r
m e c h a n i s m  l i m i t s  p e r c h  r e c r u i t m e n t  w a s  r e d u c e d  i n  1 9 8 2 - 8 3 . P e r h a p s  t h e
a v a i l a b i l i t y  o f  l a r g e  z o o p l a n k t o n  i n  t h e  l a r v a l  s t a g e  o r  r e d u c e d
p r e d a t i o n  b y  a l e w i f e  o n  p e r c h  l a r v a e  m a y  h a v e  b e e n  i m p o r t a n t  i n
t h e  f o r m a t i o n  o f  t h e s e  l a r g e  y e a r  c l a s s e s  ( W e l l s  1 9 7 7 ) .

T h e  g e n e r a l  c o n s t r a i n t s  o n  r e c r u i t m e n t  o f  a l e w i f e  a n d  o t h e r  f i s h e s  i n
L a k e  M i c h i g a n  a n d  t h e i r  r e l a t i o n  t o  z o o p l a n k t o n  p r e y  a v a i l a b l e ,  p r e d a t o r s
a n d  e n v i r o n m e n t a l  v a r i a b l e s  n e e d s  m u c h  m o r e  r e s e a r c h  i f  w e  a r e  t o  r e l a t e
t h e  f o r m a t i o n  o f  s t r o n g  a n d  w e a k  y e a r  c l a s s e s  t o  t h e s e  v a r i a b l e s .

D i s c u s s i o n

I f  w e  a r e  t o  s e a r c h  f o r  i n d i c a t o r s  o f  c h a n g e  i n  t h e  f o r a g e  b a s e  i n
L a k e  M i c h i g a n ,  e v e n  w i t h  t h e  b e n e f i t  o f  h i n d s i g h t ,  w e  n e e d  t o  d e c i d e  w h e n
t h e  r e c e n t  d e c l i n e  o f  a l e w i f e  b e g a n . I s  i t  t r u e  t h a t  t h e  a l e w i f e
p o p u l a t i o n  w a s  o s c i l l a t i n g  w i t h o u t  t r e n d  f r o m  1 9 7 3 - 1 9 8 0  ( E c k  a n d  Braun
1 9 8 5 1 ,  w h i c h  m i g h t  i n d i c a t e  s o m e  s o r t  o f  e q u i l i b r i u m ?  O r  w a s  t h e  a l e w i f e
p o p u l a t i o n ,  i n  f a c t , i n c r e a s i n g  a f t e r  t h e  1 9 6 7  p o p u l a t i o n  c r a s h  t o  s o m e
m a x i m u m  o n l y  t o  d e c r e a s e  l a t e r ? T o  e x p l o r e  t h e s e  q u e s t i o n s ,  I  f i t t e d
t h e  a l e w i f e  b i o m a s s  e s t i m a t e  f o r  t h e  p e r i o d  1 9 6 7 - 1 9 6 3  ( W e l l s  a n d  H a t c h
1 9 8 4 )  t o  a  q u a d r a t i c  r e g r e s s i o n . T h i s  p r o d u c e d  a  s i g n i f i c a n t  f i t
(pL0251, t h o u g h  t h e  r;! v a l u e  w a s  r e l a t i v e l y  p o o r  (4611  a n d  h i g h l y
d e p e n d e n t  o n  t h e  1%7 a n d  1 9 8 3  p o i n t s  ( t h o u g h  1 9 8 4  i s  s i m i l a r  t o  1 9 8 3 ) .
I  t h e n  t o o k  t h e  d e r i v a t i v e  o f  t h e  r e g r e s s i o n  e q u a t i o n  t o  e s t i m a t e  t h e
y e a r  i n  w h i c h  t h e  p o s t  1 9 6 7  a l e w i f e  i n c r e a s e  l e v e l l e d  o f f  a n d  t h e
decline began. T h e  “ e q u i l i b r i u m  y e a r “  w a s  1 9 7 4 . G i v e n  t h e  l a g s  d u e  t o
p r e d a t o r  i n e r t i a ,  t h e  s t o c k i n g  l e v e l  w h i c h  a p p e a r e d  t o  r e v e r s e  t h e
p a t t e r n  o f  a l e w i f e  p o p u l a t i o n  i n c r e a s e  w e r e  f i s h  s t o c k e d  i n  1 9 7 0 - 7 1 .
W h a t  t h i s  s u g g e s t s  i s  t h a t  t h e  a l e w i f e  d e c l i n e  i s  n o t  a  r e c e n t
p h e n o m e n o n ,  b u t  m a y  h a v e  b e e n  u n d e r w a y  f o r  1 0  y e a r s ! find i f  a  maJor
c o n t r i b u t i n g  f a c t o r  t o  t h e  d e c l i n e  w a s  p r e d a t i o n  b y  s t o c k e d  s a l m o n i d s ,
t h e  s t o c k i n g  r a t e  a t  “ e q u i l i b r i u m ” ( 1 9 7 4 )  i s  o n l y  h a l f  o f  t h e  c u r r e n t
s t o c k i n g  r a t e . O f  c o u r s e  t h i s  a n a l y s i s  i s  r e q u i r e s  l a r g e ,  p e r h a p s
i n d e f e n s i b l e ,  a s s u m p t i o n s . B u t  w e  d o  n e e d  t o  d e c i d e  i f  t h e  w e i g h t  o f
t h e  e v i d e n c e  s u g g e s t s  t h e  a l e w i f e  d e c l i n e  i s  a  r e c e n t  p h e n o m e n o n ,
b e g i n n i n g  i n  1 9 8 3  o r  i f , i n  f a c t  t h e  d e c l i n e  h a s  b e e n  u n d e r w a y  f o r  a s
l o n g  a s  1 0  y e a r s . I f  t h e  d e c l i n e  h a s  b e e n  u n d e r w a y  f o r  a  r e l a t i v e l y
l o n g  p e r i o d , w e  m i g h t  h a v e  b e e n  a b l e  t o  a n t i c i p a t e  t h e  r e c e n t  s e v e r e
d e c l i n e s - - i f  w e  h a d  k n o w n  w h a t  t o  l o o k  f o r .

O f  t h e  i n d i c a t o r  v a r i a b l e s  I  h a v e  d i s c u s s e d ,  o n l y  o f f s h o r e
z o o p l a n k t o n  c o m m u n i t y  s t r u c t u r e  ( e s p e c i a l l y  s i z e )  a n d  p e r h a p s  r e c r u i t m e n t
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o f  n a t i v e  f i s h e s  a p p e a r  t o  b e  i n d i c a t o r s  b y  w h i c h  o n e  m i g h t  h a v e  f o r e c a s t
t h e  a l e w i f e  d e c l i n e , C h a n g e s  i n  z o o p l a n k t o n  s i z e  s t r u c t u r e  a p p e a r  t o
h a v e  b e e n  u n d e r W a y  s i n c e  t h e  m i d  t o  l a t e  1 9 7 8 s . S t r o n g  b l o a t e r
r e c r u i t m e n t  b e g a n  i n  1 9 7 7 . W e a t h e r  m a y  h a v e  i n f l u e n c e d  a l e w i f e  s u r v i v a l
a n d  t h u s  h a v e  c o n t r i b u t e d  t o  t h e  a l e w i f e  d e c l i n e  ( E c k  a n d  B r o w n  1 9 8 5 ) ,
b u t  t h e  m e c h a n i s m s  u n d e r l y i n g  t h i s  c o r r e l a t i o n  a r e  p o o r l y  k n o w n . O t h e r
“ i n d i c a t o r s ”  c o r r e l a t e  w i t h  t h e  a l e w i f e  d e c l i n e  a n d  p r o v i d e  a d d i t i o n a l
e v i d e n c e  t h a t  f o o d  c h a i n  e f f e c t s  a r e  i m p o r t a n t , b u t  t h e s e  v a r i a b l e s  h o l d
l i t t l e  p r o m i s e  f o r  f o r e c a s t i n g  s y s t e m  c h a n g e . G r o w t h  d e c l i n e s  i n  t h e
s a l m o n i d s  h a v e  b e e n  c o n t i n u o u s  a n d  r e l a t i n g  a  p a r t i c u l a r  s a l m o n  g r o w t h
r a t e  t o  f o r a g e  d e f i c i e n c y  s e e m s  n e b u l o u s . a l e w i f e  g r o w t h  c h a n g e s  a r e
a l s o  c o n t i n u o u s  a n d  i n t e g r a t i v e  a n d  t h u s  a r e  d i f f i c u l t  t o  i n t e r p r e t .
D i e t  s h i f t s  h a v e  l a g g e d ,  p e r h a p s  d u e  t o  h a b i t a t  d i f f e r e n c e s  bebeen
a l e w i f e  a n d  t h e  n a t i v e  f i s h e s  w e  h a d  h o p e d  w o u l d  c o m p e n s a t e  f o r  t h e i r
d e c l i n e . W e  m a y  e x p e c t  t o  h a v e  t o  u s e  a  s u i t e  o f  i n d i c a t o r s -  i t  i s  t o o
m u c h  t o  h o p e  f o r  t h a t  o n e  i n d i c a t o r  w o u l d  d o  t h e  j o b .

I n  o r d e r  t o  b e  u s e f u l  t o  m a n a g e r s , a n y  i n d i c a t o r  v a r i a b l e s  t o  b e  u s e d ‘
m u s t  b e  a p p a r e n t  e a r l y  e n o u g h  t o  o v e r c o m e  t h e  t i m e  l a g s  i n h e r e n t  i n  t h e
s a l m o n i d  s t o c k i n g  p r o c e s s . F r o m  e g g  c o l l e c t i o n  t o  m a x i m u m  i m p a c t  o n  thm
f o r a g e  b a s e ,  t h e  l a g s  a r e  3 - 6  y e a r s . T h u s ,  i f  i n s t i t u t i o n a l  r e s p o n s e
t i m e s  were  immedia te  (wh ich  t h e y  a re  no t ! ) ,  we  wou ld  need  to  h a v e
i n d i c a t o r s  w h i c h  w i l l  a t  l e a s t  s u g g e s t  t h e  t r e n d s  i n  t h e  f o r a g e
p o p u l a t i o n s  3 - 6  y e a r s  i n  t h e  f u t u r e . T h e  a p p e a r a n c e  o f  g. p u l i c a r i a
m i g h t  b e  c o n s i d e r e d  a n  i n d i c a t o r , b u t  i t  f i r s t  a p p e a r e d  i n  1 9 7 8 -  o n l y
4 - 5  y e a r s  b e f o r e  t h e  a l e w i f e  d e c l i n e  b e c a m e  o b v i o u s . C h a n g e s  i n  s i z e
s t r u c t u r e  a n d  s p e c i e s  c o m p o s i t i o n  o f  t h e  z o o p l a n k t o n  a s s o c i a t e d  w i t h  t h e
a l e w i f e  d e c l i n e  m a y  h a v e  c u e d  s t r o n g  r e c r u i t m e n t  i n  b l o a t e r  i n  1 9 7 7 ,  b u t
t h e  r e c r u i t m e n t  p r o c e s s  i s  t o o  p o o r l y  u n d e r s t o o d  t o  m a k e  t h i s
a s s u m p t i o n . I n  o r d e r  t o  d o c u m e n t  i n d i c a t o r s  w h i c h  m e e t  t h e  r e q u i r e m e n t s
o f  p r e d i c t a b i l i t y  a n d  o v e r c o m e  t h e  l o n g  t i m e  l a g s  i n  t h e  s t o c k i n g
p r o c e s s ,  w e  w i l l  h a v e  t o  u n d e r s t a n d  t h e  z o o p l a n k t o n  d y n a m i c s  a n d
r e c r u i t m e n t  p r o c e s s e s  b e t t e r  t h a n  w e  d o  n o w . T h e  a l t e r n a t i v e  i s  t o
c o n s i d e r  c o n t r o l  p o l i c i e s  w h i c h  h a v e  s h o r t e r  t i m e  l a g s  s u c h  a s  t h e
m a n a g e m e n t  o f  f i s h i n g  m o r t a l i t y  o n  p r e d a t o r y  s a l m o n i d s .
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I n d i c a t o r s o f  C h a n g e s  i n  P r e d a t o r  a n d  F r e y
P o p u l a t i o n s  i n  W e s t e r n  L a k e  E r i e

W h i l e many s p e c i e s  o f  f i s h  i n  w e s t e r n  L a k e  E r i e c o u l d  b e
c o n s i d e r e d a s  e i t h e r  p r e d a t o r  o r  p r e y  a t  v a r i o u s  s t a g e s  o f  t h e i r
l i f e h i s t o r y , and t o  v a r y i n g  d e g r e e s , i t  i s  n o t p o s s i b l e  t o
c o n s i d e r  o r e v e n  u n d e r s t a n d  a l l  t h e  e x i s t i n g  i n t e r a c t i o n s t h a t
o c c u r a m o n g  t h i s  m u l t i - s p e c i e s  c o m p l e x . F o r  p u r p o s e s Of t h i s
d i s c u s s i o n , w e  w i l l  u s e  w a l l e y e  S t i z o s t e d i o n  YLLreurn  v i t r e u m  a s  a
r e p r e s e n t a t i v e p r e d a t o r s p e c i e s and e m e r a l d s h i n e r N o t r o p i s
a t h e r i n o i d e s s p o t t a i l s h i n e r  N o t r o p i s  h u d s o n i u s , y o u n g - o f - t h e -
y e a r (YOY) g i z z a r d s h a d  D o r o s o m a  ~eeg@igggm~ and YOY a l e w i f e
A l o s a e~ey@3~gygngu~  a s r e p r e s e n t a t i v e p r e y s p e c i e s . T h e s e
s p e c i e s w e r e s e l e c t e d b e c a u s e wall  eye become p i s c i v o r o u s
p r e d a t o r s w h i l e  t h e y  a r e  s t i l l  s m a l l  Y O Y  f i s h , and a r e al most
t o t a l l y  d e p e n d e n t  o n  p r e y  f i s h  a s a  f o o d  r e s o u r c e  t h e r e a f t e r ,  a n d
b e c a u s e t h e s e  ‘ p r e y  s p e c i e s  a r e  t h e  o n e s  t h a t  c o n s t i t u t e  t h e  b u l k
o f  t h e  w a l l  e y e  d i e t  i n  w e s t e r n  L a k e  E r i e .

The i n d i c a t o r s o f  c h a n g e s  i n  t h e  p r e d a t o r and p r e y f i s h
p o p u l a t i o n s i n  w e s t e r n  L a k e  E r i e , t h a t  a r e  m o s t  e v i d e n t  a t t h e
p r e s e n t  t i m e , c a n  b e  c a t e g o r i z e d  a s : 1 )  c h a n g e s  i n  t h e  a b u n d a n c e
o f b o t h  p r e d a t o r  a n d  p r e y  s p e c i e s , a n d 2 )  c h a n g e s  i n  t h e  g r o w t h
and m a t u r i t y  o f  t h e  w a l l e y e  p o p u l a t i o n . T h e s e i n d i c a t o r s a r e
s u b j e c t t o y e a r l y f l u c t u a t i o n s  w h i c h  a r e c a u s e d  b y c l i m a t i c
f a c t o r s t h a t a f f e c t s p a w n i n g s u c c e s s . i n d i v i d u a l s p e c i e s
r e s p o n s e s t o  t h e  p r e d a t o r - p r e y  i n t e r a c t i o n s , a n d  p e r h a p s o t h e r
u n k n o w n  f a c t o r s . F u r t h e r m o r e , y e a r l y fluctuations in indicator
v a l u e s Can b e l a r g e a n d  r e a d i l y  a p p a r e n t  o r s m a l l a n d l e s s
o b v i o u s , s4o t h e  i n t e r p r e t a t i o n  o f s h o r t  t e r m  f l u c t u a t i o n s  c a n  b e
m i s l e a d i n g w i t h r e s p e c t to the futl..u-e  conditions of a g i v e n
p o p u l a t i o n . T h e r e f o r e , w e  e v a l u a t e  c h a n g e s  i n  i n d i c a t o r s  o v e r  a
n u m b e r  o f y e a r s t o  e s t a b l i s h  t r e n d  c h a n g e s  i n t h e s t a t u s  o f
p r e d a t o r - p r e y  p o p u l a t i o n s  a n d  c o n s i d e r  t h i s  p r o c e d u r e  t o  b e more
r e l i a b l e .

&~gnt~$nc_e  I n d i c a t o r s

More t h a n 20 y e a r s  o f  ( b o t t o m  t r a w l i n g s u r v e y d a t a f r o m
w e s t e r n LaL:e E r i e  a r e  a v a i l a b l e  t o  a s s e s s t h e  chanqing  s t a t u s  o f
t h e p r e y f i s h p o p u l a t i o n s .  W e u s e c a t c h - p e r - u n i t - o f - e f f o r t
( C P U E )  a s t h e  i n d i c a t o r  o f  a n n u a l  r e l a t i v e a b u n d a n c e  o f e a c h
s p e c i e s  w h e r e  t h e  c a t c h  i s  r e p o r t e d  a s  n u m b e r s  o f  f i s h  a n d  e f f o r t
i s  o n e  h o u r  o f  t r a w l i n g . T r a w l i n g  s u r v e y s  h a v e  b e e n  c o n d u c t e d  a t
a n u m b e r  o f sampli17g  s t a t i o n s  e a c h  y e a r  f r o m  M a y  t h r o u g h  O c t o b e r
a n d s t a n d a r d i z e d p r o c e d u r e s and gear- h a v e b e e n c o n s i s t e n t l y
u t i l i z e d SO al. 1 r e l a t i v e a b u n d a n c e i n d i c e s a r e d i r e c t l y
c o m p a r a b l e .

Chanqi  nq t r e n d s  i  n  p r e y  f i s h  a b u n d a n c e ( a l r e a d y  p r e s e n t e d  a t
t h i s s e m i n a r ) suqqest  t h a t  e m e r a l d  a n d  s p o t t a i l  s h i n e r  a b u n d a n c e
1 e v e 1 s were h i g h  f r o m  196G t h r o u g h a p p r o x i m a t e l y 1974 , when
a n i-i LI a 1 c F’ I-! E v a 1 1-1 es ( a l l  a g e  g r o u p s  c o m b i n e d !  f r e q u e n t l y  e x c e e d e d
500) . After  I .  975, a n n u a l  C P U E  v a l u e s  f o r  s h i n e r ,  p o p u l a t i o n s  w e r e

1 0 9



u s u a l l y  b e l o w  t h e  5 0 0  i n d e x l e v e l  a n d  a  d e c l i n i n g  t r e n d  i n  s h i n e r
a b u n d a n c e  i s i n d i c a t e d . T h e a b u n d a n c e  o f YOY a l e w i f e  h a s
r e m a i n e d  f a i r l y  c o n s t a n t  o v e r t h e  2 1  y e a r  p e r i o d  w i t h  l o w annua?
C P U E  i n d e x  v a l u e s  u s u a l l y  r a n g i n g  b e t w e e n  5 0  a n d  Z!(X).
h i g h  i n d e x  v a l u e s  o f  a p p r o x i m a t e l y  9 0 0  a n d

U n u s u a l l y
1,000 were recorded in

1 9 7 3 a n d  1 9 7 4 , b u t  t h e  a b u n d a n c e  o f  t h i s  s p e c i e s  i n s u b s e q u e n t
y e a r s  r e t u r n e d  t o  l o w e r  l e v e l s . A b u n d a n c e  l e v e l s  o f  Y O Y  g i z z a r d
s h a d a r e  u s u a l l y  h i g h e r  t h a n  t h o s e  o f  a l e w i f e  w i t h  a n n u a l i n d e x
v a l u e s  c o m m o n l y  r a n g i n g  b e t w e e n  1 5 0  a n d  4 0 0 . E x c e p t i o n a l l y  h i g h
C P U E i n d e x v a l u e s  o f  1 , 0 5 7 , 1 , 3 5 3 , a n d  1 , 9 1 7  w e r e  r e c o r d e d  i n

1 9 7 6 , 1 9 8 0 , a n d 1 9 8 1 r e s p e c t i v e l y  f o r  g i z z a r d  s h a d  b u t t h e s e
v a l u e s d o  n o t  s e e m  t o  i n d i c a t e  a  s u s t a i n e d  t r e n d  o f  increasinq
a b u n d a n c e  f o r  t h i s  s p e c i e s .

T w o i n d i c a t o r s  a r e  u s e d  t o  a s s e s s  c h a n g i n g  a b u n d a n c e  t r e n d s
f o r w a l l  e y e . T h e f i r s t i n d i c a t o r  i s t h e a n n u a l c o m m e r c i a l
f i s h e r y c a t c h  r e p o r t s  f o r  t h e  p e r i o d  f r o m  1 9 6 0  u n t i l 1 9 7 0 w h e n
t h e w a l l e y e  f i s h e r y  w a s  c l o s e d  b e c a u s e  o f  m e r c u r y  c o n t a m i n a t i o n .
T h e r e a r e  n o  w a l l e y e  p o p u l a t i o n  e s t i m a t e s  f o r  t h a t p e r i o d , b u t
f i s h i n g e f f o r t w a s h i g h a n d  a n y  c h a n g e s  i n c a t c h w o u l d  b e
i n d i c a t i v e  o f c h a n g e s  i n a b u n d a n c e . U s i n g r e p o r t e d w a l l  e y e
c a t c h e s f r o m O h i o a n d  M i c h i g a n  w a t e r s  o f L a k e E r i e , c a t c h e s
d e c l i n e b y  n e a r l y  8 5 %  f r o m  a p p r o x i m a t e l y  1 . 1  m i l l i o n p o u n d s  i n
1 9 6 0 ,  t o 1 8 6 , 0 0 0 p o u n d s  i n  1 9 6 9 . -  T h i s  i n d i c a t e s  a d e c l i n i n g
t r e n d  o f w a l l  e y e a b u n d a n c e  t o  v e r y l o w l e v e l s . T h e s e c o n d
i n d i c a t o r o f  w a l l e y e  a b u n d a n c e  c h a n g e  i s  t h e  a n n u a l  t o t a l s t o c k
e s t i m a t e d e r i v e d  b y the Walleye Task Group of t h e L a C:: e E r i e
C o m m i t t e e f r o m t h e t o t a l a l l o w a b l e c a t c h q u o t a m o d e l . T h e
e s t i m a t e d w a l l e y e  t o t a l  s t o c k  i n  w e s t e r n  L a k e  E r i e  i n  1 9 7 6 ( t h e
f i r s t  y e a r  o f  c a t c h  q u o t a  m a n a g e m e n t )  w a s  n e a r l y  1 5  m i l l i o n  f i s h ,
a n d  t h i s  t o t a l s t o c k  e s t i m a t e  h a s  i n c r e a s e d  n e a r l y  t h r e e - f o l d ,  t o
a p p r o x i m a t e l y  4 4  m i l l i o n  f i s h  i n  1 9 8 3 . T h i s  t r e n d  i n d i c a t e d  t h a t
r e c e n t w a l l  e y e a b u n d a n c e l e v e l s  i n w e s t e r n  L a k e E r i e a r e
i n c r e a s i n g  t o  h i g h  l e v e l s .

T h e C h a n g i n g s t a t u s  o f t h e w e s t e r n L a 1:: e E r i e w a l l  e y e
p o p u l a t i o n m a y  b e  i n d i c a t e d  b y  c h a n g e s  i n  g r o w t h  i f  g r o w t h r a t e
i s d e n s i t y  d e p e n d e n t . E x a m i n a t i o n  o f  Y O Y  w a l l e y e  t o t a l l e n g t h
a t t a i n e d e a c h f a l l f r o m  1 9 5 1  t o  1 9 8 3 i n d i c a t e s t h a t a v e r a g e
l e n g t h  h a d  d e c r e a s e d  a p p r o x i m a t e l y  5 0  m m  d u r i n g  t h a t  t i m e  ( F i g u r e

1 ) , w h i l e  w a l l e y e  a b u n d a n c e  i n c r e a s e d . D a t a  f o r  g r o w t h  o f  o l d e r

a g e g r o u p s a r e a v a i l a b l e f r o m  1 9 7 4  t o 1 sgz a5 t h e w a l l e y e
p o p u l a t i o n W.35 i n c r e a s i n g . Ann;al c h a n g e s  i n  t o t a l  l e n g t h  o f
b o t h  m a l e s  a n d  f e m a l e s  w e r e  u s u a l l y  s m a l l  w i t h  b o t h  i n c r e a s e s  a n d
d e c r e a s e s  i n  t o t a l  l e n g t h  o c c u r r i n g  f r o m  y e a r  t o  y e a r  ( F i g u r e s 2

a n d .:a ) .7 H o w e v e r ? t h e 1  O - y e a r g r o w t h t r e n d d e m o n s t r a t e d  a
d e c l i n i n g  g r o w t h  r a t e  aszociat@d w i t h  i n c r e a s i n g  a b u n d a n c e .

I? s e c o n d a r y  i n d i c a t o r  o f  t h e  c h a n g i n g  s t a t u s  o f  t h e  w a l l e y e
p o p u l a t i o n  i s the increasing delayed onset of s e x u a l m a t u r i t y
( T a b l e  1 ) . D u r i n g  t h e  1 9 6 4 - 1 9 6 6  p e r i o d  w h e n  w a l l e y e a b u n d a n c e

w a s  l o w  9 6 %  o f  t h e  a g e  I I  m a l e s  w e r e  m a t u r e , w h i l e  8 6 %  a n d  9 9 %
o f t h e  a g e  I I  a n d  a g e  I I  I  f e m a l e s  w e r e  m a t u r e  a n d  s p a w n i n g e a c h

l 1 0



s p r i n g . D u r i n g  t h e  1 9 7 4 - 1 9 8 0  p e r i o d  w h e n  w a l l e y e  a b u n d a n c e W3.5

i n c r e a s i n g t h e  o n s e t  o f  s e x u a l  m a t u r i t y  b e g a n  t o  b e  d e l a y e d a n d
t h i s w a s  m o s t  a p p a r e n t  f o r  t h e  f e m a l e s . F a l .  1  s a m p l e s  o f  a g e  T
f e m a l e s w e r e  n e a r l y  a l l  i m m a t u r e s u g g e s t i n g  t h a t  t h e y  w o u l d n o t
s p a w n t h e  f o l l o w i n g  s p r i n g  a s  a g e  I I  f i s h . O n l y  5 7 %  o f  t h e  a g e
I I f e m a l e s c o l l e c t e d  d u r i n g  t h e  f a l l  w e r e  s e x u a l l y m a t u r e a n d
w o u l d  s p a w n  a t  a g e  I I I . I n c r e a s i n g  d e l a y e d  s e x u a l  m a t u r i t y f o r
b o t h  s e x e s  w a s  e v i d e n t  d u r i n g  t h e  1 9 8 1 - 1 9 8 5  p e r i o d , w h e n  w a l l  e v e
a b u n d a n c e  w a s  v e r y  h i g h . F a l . l  s a m p l e s  i n d i c a t e d  t h a t  o n l y  4 5 %  o f
t h e a g e I  m a l e s  a n d  n o n e  o f  t h e  a y e  I  f e m a l e s  w o u l d s p a w n t h e
f o l l o w i n g  s p r i n g , w h i l e  o n l y  3 8 %  o f  t h e  a g e  I I  f e m a l e s  w o u l d  b e
s e x u a l  1  y  m a t u r e .

D i s c u s s i o n

T r e n d a n a l y s e s ? u s i n g m o r e  t h a n 2 0  y e a r s  o f  p r e d a t o r a n d
p r e y  a b u n d a n c e ,  g r o w t h ,  a n d  m a t u r i t y  d a t a , s u g g e s t s  t h e  a b u n d a n c e

o f i m p o r t a n t p r e y f i s h  p o p u l a t i o n s  i n  w e s t e r n L a k e E r i e w a s
h i g h e r i n  t h e  1 9 6 0 ’ s  a n d  e a r l y  1 9 7 0 ’ s  w h e n  t h e  a b u n d a n c e  o f t h e
p r i m a r y  p r e d a t o r  ( w a l l e y e )  w a s  l o w . C o n v e r s e l y , p r e y  a b u n d a n c e
d e c r e a s e d  a s t h e  p r e d a t o r  a b u n d a n c e  i n c r e a s e d a f t e r t h e m i d -
1970's. A s i m u l t a n e o u s  d e c r e a s e  i n  w a l l e y e  g r o w t h  a n d d e l a y e d

m a t u r i t y c o i n c i d e  c l o s e l y  w i t h  d e c r e a s e d  p r e y  a b u n d a n c e , a n d  w e

b e l i e v e this is a c a u s e - a n d - e f f e c t r e l a t i o n s h i p . W a l l  e y e
a b u n d a n c e a n d t h e  a s s o c i a t e d  p r e d a t o r  p r e s s u r e  o n t h e p r i m a r y

p r e y f i s h  p o p u l a t i o n s  m a y  b e  e x c e s s i v e l y  h i g h  i n  r e c e n t  y e a r s  a n d
t h e p r e d a t o r f o o d r e q u i r e m e n t s a r e  n o l o n g e r b e i n g met by
a v a i l a b l e  p r e y . Declining growth rate and delayed maturity a r e
t w o  i n d i c a t o r s  s u p p o r t i n g  t h i s  h y p o t h e s i s .
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F i g u r e  1 . C h a n g e s  i n  a v e r a g e  t o t a l  l e n g t h  o f  y o u n g - o f - t h e - y e a r  w a l l e y e s
.

c o l l e c t e d  i n  f a l l  f r o m  w a t e r s  o f f  o f  E a s t  H a r b o r ,  O h i o ,  1 9 6 1 - 1 9 8 3

(numbers  show sample  s ize) .
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F i g u r e  2 . C h a n g e s  i n  t h e  a v e r a g e  l e n g t h  o f  age I ,  I I ,  a n d  I I I  n e t - r u n  m a l e

w a l l e y e s  t a k e n  f r o m  t r a p  n e t s  f r o m  w e s t e r n  L a k e  E r i e  i n  f a l l ,  1 9 7 4 - 2 9 8 3

(numbers  show sample  s ize) .
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F i g u r e  3 . C h a n g e s  i n  t h e  a v e r a g e  l e n g t h  o f  a g e  I . I I ,  a n d  I I I  n e t - r u n  f e m a l e

w a l l e y e s  t a k e n  i n  t r a p  n e t s  f r o m  w e s t e r n  L a k e  E r i e  i n  f a l l ,  1 9 7 4 - 1 9 8 3

(numbers  show sample  s ize) .





T a b l e  1 . M a t u r i t y ,  b y  a g e  g r o u p , o f  ne t - run  ma le  and  f ema le  wa l l eyes  t aken

i n  t r a p  n e t s  i n  w e s t e r n  L a k e  E r i e  d u r i n g  t h r e e  p e r i o d s  o f  d i f f e r i n g

popula t ion abundance.

P e r i o d
and Age

Group

Males Females
Number Mature Number Mature

(%) (Xl. .

I I
I I I

1974::980  b'

I
I I
I I I

1981::983  l'

I
I I
I I I
IV

364 9 6 . 2

746 8 8 . 9
451 9 9 . 6
123 100 .0

459 4 3 . 1
184 9 8 . 4

42 1 0 0 . 0

161 8 6 . 3
74 9 8 . 6

873 0 . 3
392 5 6 . 6
135 99 .3

59 1 0 0 . 0

728
"53

 "65
40                   

0 . 0
3 7 . 8
9 8 . 5

1 0 0 . 0

~~~
a/-  F i s h  s a m p l e s  c o l l e c t e d  d u r i n g  s p r i n g  s p a w n i n g  ( W o l f e r t  1 9 6 9 ) .

a/F i s h  s a m p l e s  c o l l e c t e d  i n  f a l l . A g e  g r o u p s  d e s i g n a t e d  a s  I ,  1 1 .  a n d  I I I
w o u l d  b e  e x p e c t e d  t o  s p a w n  t h e  f o l l o w i n g  s p r i n g ,  a t  a g e  I I ,  I I I ,  a n d  I V .
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E f f e c t i n g  A  P o l i c y : I n s t i t u t i o n a l  A r r a n g e m e n t s  F o r

A l l o c a t i n g  t h e  R e s o u r c e

I n  d e v e l o p i n g  a  d i r e c t i o n  f o r  c o - o p e r a t i v e  m a n a g e m e n t  o f
G r e a t  L a k e s  f i s h e r i e s  r e s o u r c e s , a g e n c i e s  w i t h  r e s p o n s i b i l i t y
f o r  f i s h e r i e s  m a n a g e m e n t  w i l l  b e  r e q u i r e d  t o  t a k e  a  n u m b e r  o f
s teps  pr ior  to  reaching  agreement  on  the  manner  in  which  the
r e s o u r c e  w i l l  b e  d i v i d e d  a m o n g  j u r i s d i c t i o n s . I n  t h i s  p a p e r ,  w e
w i l l  s u g g e s t  p o s s i b l e  s t e p s  w h i c h  a g e n c i e s  c a n  t a k e  w h i c h  w i l l
l e a d  t o  r e s o u r c e  a l l o c a t i o n  a n d  p o i n t  o u t  o p t i o n a l  a l l o c a t i o n
c r i t e r i a  f o r  m a n a g e r i a l  c o n s i d e r a t i o n .

With in  the  mandates  of  agencies  respons ib le  for  management
o f  f i s h e r i e s  r e s o u r c e s , g u i d i n g  p r i n c i p l e s  m a y  b e  i d e n t i f i e d  a n d
appl ied  in  any  g iven  management  a rea . T h o s e  p r i n c i p l e s  r a n g e
f r o m  r e h a b i l i t a t i o n  t h r o u g h  m a i n t e n a n c e  t o  e n h a n c e m e n t  o f  t h e
r e s o u r c e , e a c h  c a r r i e d  o u t  i n  t h e  b e s t  i n t e r e s t  o f  t h e  p e o p l e
w i t h  d i r e c t  b e n e f i t s  n o r m a l l y  r e a l i z e d  b y  t h e  u s e r s  o f  t h e
r e s o u r c e .

G i v e n  t h e s e  g u i d i n g  p r i n c i p l e s , a g e n c i e s  w i t h  j u r i s d i c t i o n
over  common f i sher ies  resources  must  reach  agreement  on  the  f i sh
c o m m u n i t y  s t r u c t u r e  w h i c h  s a t i s f i e s  t h e i r  c o l l e c t i v e  n e e d s .

Having achieved agreement  on  a  ta rge t  f i sh  communi ty ,
objec t ives  for  management  can  be  developed and  wi l l  se rve  as
s o u r c e  m a t e r i a l  i n  p o l i c y  f o r m u l a t i o n  f o r  c o - o p e r a t i n g  a g e n c i e s .
T h e s e  o b j e c t i v e s  w i l l  p e r t a i n  t o  p a r t i c u l a r  s p e c i e s  o r  g r o u p s  o f
spec ies  which  a re  perce ived  to  meet  some need  of  the  user
groups . W h i l e  i t  m a y  b e  r e l a t i v e l y  e a s y  t o  a c h i e v e  c o n s e n s u s
t h a t  c e r t a i n  s p e c i e s  b e  i n c l u d e d  i n  t h e  f i s h  c o m m u n i t y ,
c o n s e n s u s  o n  t h e  p r i o r i t y  o f  o b j e c t i v e s  p e r t a i n i n g  t o  t h e s e
s p e c i e s  m a y  b e  m o r e  d i f f i c u l t  a s  t h e  r e q u i r e m e n t s  o f  u s e r s  i n
t h e  v a r i o u s  j u r i s d i c t i o n s  w i l l  d i f f e r .

A f t e r  p l a c i n g  p r i o r i t i e s  o n  t h e  a r r a y  o f  o b j e c t i v e s ,
s t r a t e g i e s  f o r  a c h i e v i n g  o b j e c t i v e s  m a y  b e  d e v e l o p e d . F o r  t h e
most  par t , s t r a t e g i e s  e m p l o y e d  b y  f i s h e r i e s  m a n a g e m e n t  a g e n c i e s
w i l l  i n v o l v e  a l t e r a t i n g  m o r t a l i t y  r a t e s ,  s u p p l e m e n t i n g  t h e  f i s h
c o m m u n i t y  o r  p r o m o t i n g  t h e  a l t e r a t i o n  o f  h a b i t a t  a s  d e e m e d
n e c e s s a r y  f o r  t h e  a c h i e v e m e n t  o f  f i s h  c o m m u n i t y  o b j e c t i v e s .
H a b i t a t  m o d i f i c a t i o n s ,
o b j e c t i v e s ,

w h i l e  f u n d a m e n t a l  i n  r e a c h i n g  c e r t a i n
a r e  s e l d o m  a c h i e v a b l e  i n  t h e  s h o r t  t e r m ;  e f f o r t

d i r e c t e d  a t  h a b i t a t  m o d i f i c a t i o n s  i s  o n g o i n g . I n  t h e  s h o r t
,  t e r m ,  f i s h e r i e s  m a n a g e m e n t  a g e n c i e s  g e n e r a l l y  c o n c e n t r a t e  t h e i r

e f f o r t s  o n  c o n t r o l  o f  m o r t a l i t y  r a t e s  o r  o n  s u p p l e m e n t i n g  t h e
fish community.

To be  e f fec t ive  in  the  manipula t ion  of  spec ies  of  common
concern, b o t h  c o n t r o l  o f  m o r t a l i t y  a n d  s u p p l e m e n t i n g  o f  t h e  f i s h
c o m m u n i t y  r e q u i r e  t h a t  a l l o c a t i o n  o f  t h e  r e s o u r c e s  b e  c o n s i d e r e d
o n  a  m u l t i , - j u r i s d i c t i o n a l  b a s i s . I t  i s  a s s u m e d  h e r e  t h a t
a l l o c a t i o n  i s  m a d e  o n l y  t o  t h e  l e v e l  o f  j u r i s d i c t i o n  a s  t h e
m a n n e r  i n  w h i c h  a n  a g e n c y  a l l o c a t e s  t h e  r e s o u r c e  w i t h i n  i t s
j u r i s d i c t i o n  i s  n o t  i n  i t s e l f  a  m a t t e r  o f  c o m m o n  c o n c e r n .  A n
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a l l o c a t i o n  m a y  b e  u s e d  d i r e c t l y  i . e . ,  h a r v e s t e d  b y  m a n  o r
i n d i r e c t l y  i . e . , h a r v e s t e d  b y  a  t o p  p r e d a t o r  u s e d  t o  s u p p l e m e n t
the  f i sh  communi ty  or  a  combina t ion  of  the  two..

Direct  Use

A l l o w i n g  t h a t  a  r e d u c t i o n  i n  f i s h i n g  m o r t a l i t y  o f  a  s p e c i e s
i s  t h e  s t r a t e g y  c h o s e n , t h e  m a n n e r  i n  w h i c h  a l l o c a t i o n  o f
h a r v e s t  a m o n g  c o - o p e r a t i n g  a g e n c i e s  c a n  b e  b a s e d  o n  a  v a r i e t y  o f
c r i t e r i a . A g r e e m e n t  m u s t  b e  g a i n e d  o n  t h e  c h o i c e  o f  c r i t e r i a  o r
c o m b i n a t i o n  o f  c r i t e r i a  e m p l o y e d .

T r a d i t i o n a l  - Where  f i sher ies  have  explo i ted  common s tocks ,
h i s t o r i c a l  s h a r i n g  p a t t e r n s  c a n  b e  u s e d  t o  a p o r t i o n  a  t o t a l
a l l o w a b l e  h a r v e s t .

Area1 - T h e  a l l o w a b l e  h a r v e s t  i s  d i v i d e d  b a s e d  o n  t h e
p r o p o r t i o n  o f  w a t e r  a r e a  i n  e a c h  j u r i s d i c t i o n . This  approach
m a y  b e  f u r t h e r  r e f i n e d  t o  r e f l e c t  a r e a  o f  s u i t a b l e  h a b i t a t .

D i s t r i b u t i o n  - I n f o r m a t i o n  o n  d i s t r i b u t i o n  i f  a v a i l a b l e  m a y
b e  u s e d  i n  t h e  a l l o c a t i o n  p r o c e s s . D i f f e r e n c e s  i n  h a b i t a t  o r
a v a i l a b l e  p r e y  m a y  i n f l u e n c e  t h e  d i s t r i b u t i o n  o f  t a r g e t  s p e c i e s
a t  a  g i v e n  p o i n t  i n  t i m e  a n d  o v e r  t i m e  d i s t r i b u t i o n  m a y  c h a n g e
i n  r e s p o n s e  t o  b o t h  p r e y  a n d  b e h a v i o u r a l  p a t t e r n s . A l s o  t h e
u t i l i z a t i o n  o f  p r e y  m a y  b e  a  c o n s i d e r a t i o n  i f  c y c l e s  o f  m o v e m e n t
a r e  i d e n t i f i e d .

O r i g i n  - W h e n  p r e d a t o r s  a r e  i n t r o d u c e d  i n t o  t h e  f i s h
community, j u r i s d i c t i o n  o f  o r i g i n  m a y  b e  c o n s i d e r e d . I t  i s
u n l i k e l y  t h a t  o r i g i n  w o u l d  b e  u s e d  i n  i s o l a t i o n  a s  a  c r i t e r i a
f o r  a l l o c a t i o n  a s  t h e  d i s t r i b u t i o n  t h r o u g h  j u r i s d i c t i o n s  o t h e r
t h a n  t h a t  o f  o r i g i n  w o u l d  b e  l i n k e d  t o  u s e  o f  p r e y  i n  t h o s e
a r e a s .

I n d i r e c t  U s e

T h i s  c a t e g o r y  r e c o g n i z e s  t h e  f i n i t e  n a t u r e  o f  p r e y  s p e c i e s
and  should  be  cons idered  when the  management  s t ra tegy  inc ludes
s u p p l e m e n t i n g  t h e  f i s h  c o m m u n i t y  w i t h  p r e d a t o r s . T h e  a l l o c a t i o n
p r o c e s s  m i g h t  m a k e  u s e  o f  s o m e  o f  t h e  s a m e  c r i t e r i a  d e s c r i b e d
e a r l i e r  f o r  d i r e c t  u s e  b u t  t h e  a l l o c a t i o n  w o u l d  b e  t r a n s l a t e d
n o t  i n t o  h a r v e s t  f o r  m a n  b u t  a n  a l l o w a b l e  i n p u t  o f  p r e d a t o r s .
O f  t h e  c r i t e r i a  l i s t e d , t h o s e  c o n s i d e r e d  m i g h t  i n c l u d e  a r e a  o f
w a t e r s  w i t h i n  j u r i s d i c t i o n s  a n d  d i s t r i b u t i o n  o f  p r e y . The
m a n n e r  i n  w h i c h  p r e d a t o r s  w o u l d  d i s t r i b u t e  t h e m s e l v e s  w o u l d  a l s o
b e  o f  c o n c e r n .

Direc t  and  Indi rec t  Use  Combined

T h e  c o m b i n a t i o n o f  d i r e c t  a n d  i n d i r e c t  u s e  o f  p r e y  s p e c i e s
e x i s t s  i n  s o m e  i n s t a n c e s . P r e y  s p e c i e s  m a y  b e  a l l o c a t e d  t o
j u r i s d i c t i o n s  i n  a c c o r d  w i t h  s e l e c t e d  c r i t e r i a  p r e s e n t e d
e a r l i e r . The manner in which a management agency chooses to
i m p o s e  m o r t a l i t y  o n  a  p r e y  s p e c i e s  e i t h e r  d i r e c t l y  t h r o u g h



e x p l o i t a t i o n  b y  m a n  o r  i n d i r e c t l y  t h r o u g h  c o n t r o l l e d  l e v e l s  o f
s u p p l e m e n t a l  p r e d a t o r s  i s  n o t  a t  i s s u e ;  h o w e v e r ,  i s s u e s  m a y
s u r f a c e . F o r  i n s t a n c e , d i r e c t  u s e  o f  p r e y  s p e c i e s  b y  m a n  l i m i t s
a c c e s s  t o  j u r i s d i c t i o n a l  w a t e r s . I n  c o n t r a s t , supplementa l
p r e d a t o r s  i n t r o d u c e d  i n t o  t h e  s y s t e m  r a n g e  f r e e l y  a m o n g
j u r i s d i c t i o n s n o t  o n l y  t a k i n g  a d v a n t a g e  o f  p r e y  i n  j u r i s d i c t i o n s
o t h e r  t h a n  t h a t  o f  t h e i r  o r i g i n  b u t  c o n g r e g a t i n g  i n  a r e a s  w h e r e
t h e y  a r e  s u b j e c t  t o  d i r e c t  e x p l o i t a t i o n  e i t h e r  i n t e n t i o n a l l y  o r
a s  b y - c a t c h . T h i s  t y p e  o f  p r o b l e m  i s  n o t  l i k e l y  t o  b e  t o t a l l y
r e s o l v e d  i n  t h e  p r o c e s s  o f  a l l o c a t i n g  p r e y  b u t  w o u l d  e x t e n d  i n t o
t h e  p r o c e s s  o f  a l l o c a t i n g  s u p p l e m e n t a l  p r e d a t o r s .

Summary

Cons is ten t  wi th  the  complexi ty  of  f i sh  communi t ies  and  the
d i f f e r i n g  p r i o r i t i e s  o f  c o - o p e r a t i n g  a g e n c i e s ,  t h e  a l l o c a t i o n  o f
s p e c i e s  a m o n g  j u r i s d i c t i o n s  w i l l  n o t  b e  s i m p l e  a n d  w i l l  r e q u i r e
compromise  by  co-opera t ing  agencies  a t  each  s tep  leading  up  to
f i n a l  a l l o c a t i o n .

F i n a l l y , t h e  s t e p s  s u g g e s t e d  a s  l e a d i n g  t o  f i n a l  a l l o c a t i o n
o f  t h e  r e s o u r c e  a r e  a s  f o l l o w s :

Def ine  the  f i sh  communi ty .
S e t  c l e a r  f i s h  c o m m u n i t y  o b j e c t i v e s .
D e v e l o p  s t r a t e g i e s  f o r  a c h i e v i n g  o b j e c t i v e s .
S e l e c t  c r i t e r i a  f o r  a l l o c a t i n g  t h e  r e s o u r c e .
R e s o l v e  i s s u e s  a r i s i n g  f r o m  c r i t e r i a  s e l e c t e d .

r e v i s e d  M a r c h  1 1 ,  1 9 8 5

J .  R .  P a i n e
R. E. Lange
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A Plenary Session About

PREDATOR-PREY ISSUES OF THE GREAT LAKES

Report  to the Council  of Lake Committees

Char les  C.  Krueger ,  Corne l l  Univers i ty ,
I t h a c a , New York 14853

and

J e r r y  P a i n e , Minis t ry  of  Natura l  Resources ,
Wheatley, Ontario N0P 2P0

I n t r o d u c t i o n

In  March  1985,  a -p lenary  sess ion  about  preda tor -prey  i ssues

was held at the Lake Committee meetings in Ann Arbor, Michigan.

T h e  s e s s i o n  p a r t i c i p a n t s  f i r s t  h i s t o r i c a l l y  r e v i e w e d  i n f o r m a t i o n

about  the predator and prey abundance in cold and warmwater

Great Lakes communities, and then examined management related

goals ,  p roblems, informat ion  needs , and potential  management

a c t i o n s  i n  r e l a t i o n  t o  t h e s e  c o m m u n i t i e s . A  t o t a l  o f  t e n

p r e s e n t a t i o n s  w e r e  m a d e  b y  s t a t e ,  f e d e r a l ,  t r i b a l ,  a n d  u n i v e r s i t y

b i o l o g i s t s . T h e  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  r e l a t e  o u r  g e n e r a l

o b s e r v a t i o n s  a b o u t  t h e  m a t e r i a l  p r e s e n t e d  a t  t h e  p l e n a r y  s e s s i o n ,

t o  propose a process for implementation of ecosystem management,

and to recommend specific actions for the Council  of Lake Committees

t o  t a k e  i n  o r d e r  t o  f o s t e r  t h e  p r o p o s e d  p r o c e s s .



- 2 -

Sess ion  Observa t ions

Below are  l i s ted  and  d iscussed  our  th ree  main  observa t ions  about

t h e  r e p o r t s  p r e s e n t e d  a t  t h e  p l e n a r y  s e s s i o n .

1 .  F o r a g e  i s  s o m e t h i n g  t h a t  n e e d s  t o  b e  m a n a g e d  i n  t h e

G r e a t  L a k e s . T h e  o c c u r r e n c e  o f  t h i s  p l e n a r y  s e s s i o n

draws attention to the slow but steady change of management

focus  f rom spec ies  or ien ta t ion  to  communi ty  based  concerns .

2 .  T h e r e  i s  a  s t a t e  o f  c h a n g e  i n  G r e a t  L a k e s  f o r a g e  s p e c i e s

a n d  a b u n d a n c e . Forage communities are changing markedly

in Lake Superior and Lake Michigan. The  causes  for

these  changes  appears  to  vary  among the  l a k e s . In Lake

S u p e r i o r , v a r i a t i o n  i n  t h e  f o r a g e  c o m m u n i t i e s  a p p e a r

to  be  unre la ted  to  preda t ion ;  however ,  in  Lake  Michigan ,

forage  consumpt ion  by  sa lmonid  preda tors  i s  impl ica ted

as the mechanism for change. I n  L a k e  E r i e ,  t h e  w h i t e

p e r c h ,  f i r s t  r e p o r t e d  i n  1 9 5 3 , is  now expanding lakewide.

T h e  i m p a c t  b y  t h i s  s p e c i e s  ( a s  e i t h e r  p r e d a t o r  o r  p r e y )

on predator prey systems is  unknown. White perch could

a l s o  c o l o n i z e  o t h e r  a r e a s  i n  t h e  u p p e r  G r e a t  L a k e s  s u c h

as Green Bay.

3 .  M a n a g e m e n t  d i s c u s s i o n s  a p p e a r e d  t o  b e  b a s e d  o n  t h e  i m p l i e d

a s s u m p t i o n  t h a t  &&il&y i s  g o o d  w i t h i n  f o r a g e  c o m m u n i t i e s

a n d  p r e d a t o r - p r e y  s y s t e m . Adopt ion  of  th i s  assumpt ion

by b io logis t s  may be  re la ted  to  a  concern  about  our

i n a b i l i t y  t o  c o n t r o l  o r  p r e d i c t  t h e  i m p a c t s  o n  G r e a t

Lakes  communi t ies  tha t  resul t  f rom changes  in  forage
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species and abundance. Uncont ro l led  change  i s  no t  thought

to be good management1 Community changes (either predators

o r  p r e y )  c a n  c a u s e  c o n f l i c t s  w i t h  u s e r s '  e x p e c t a t i o n s

k.got a n g l e r s )  t h a t  a r e  b a s e d  o n  r e c e n t  p a s t  e x p e r i e n c e s .

I n  t h i s  c a s e , agencies are then placed in the awkward

pos i t ion  of  responding  to  user  group  concerns  about

f i s h e r y  i s s u e s  t h a t  a r e  d i f f i c u l t  t o  c o n t r o l  ( m a n a g e )

o r  p r e d i c t .

C o m m u n i t y  s t a b i l i t y ,  h o w e v e r ,  m a y  n o t  b e  ‘good.  b u t

r a the r  may  be  a  r ig id  unnatural  condit ion that  could

l e a d  t o  system fragili ty (based  on  work  by  C.S .  Hol l ings) .

Management agencies should instead focus on understanding

t h e  s o u r c e s  a n d  l e v e l s  o f  n a t u r a l  s y s t e m  v a r i a b i l i t y

a n d  a c c e p t  v a r i a b i l i t y  a s  a  d e s i r a b l e  n a t u r a l  c h a r a c t e r i s t i c

of ecosystems. Cons idera t ion  should  be  g iven  to  educa t ing

users  tha t  some ecosys tem components  a re  not  cont ro l l -

a b l e , a n d  t h e r e f o r e , v a r i a b i l i t y  s h o u l d  b e  e x p e c t e d .

Process for Implementation of Ecosystem Management

A t  t h e  c o n c l u s i o n  o f  t h e  s e s s i o n , there  was  agreement  in  favor

of ecosystem based, as opposed to species based,  management;

however ,  p robably  most  everyone  pr ior  to  the  sess ion  had  a l ready

a g r e e d  c o n c e p t u a l l y  w i t h  t h i s  i d e a . T h e  p r o b l e m  w i t h  i m p l e m e n t a t i o n

h a s  b e e n  t h e  i n a b i l i t y  t o  t r a n s l a t e  e c o s y s t e m  c o n c e p t s  i n t o

f u n c t i o n a l  m a n a g e m e n t  p r a c t i c e s .  L i s t e d  b e l o w  a r e  w h a t  w e  v i e w
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as  the  s teps  in  a  t rans i t ion  process  be tween these  management

approaches . We recommend that the Lake Committees begin to

a d d r e s s  t h e s e  s t e p s  f o r  t h e i r  r e s p e c t i v e  l a k e s .

1 .  D e f i n e  t h e  e c o l o g i c a l  b o u n d a r i e s  o f  e a c h  G r e a t  L a k e

i n  t e r m s  o f  c o m m u n i t y  s t r u c t u r e  a n d  f u n c t i o n  ( e n e r g y

f l o w ) , S p e c i f i c a l l y  a n s w e r s  t o  t h e  q u e s t i o n s  o f ,  " w h a t

forage species assemblages do we want" and "how will

d i f f e r e n t  f o r a g e  s p e c i e s  a s s e m b l a g e s  f u n c t i o n a l l y  r e s p o n d

t o  v a r i o u s  l e v e l s  o f  p r e d a t o r  c o n s u m p t i o n  a n d / o r  c o m m e r c i a l

h a r v e s t ” should  be  sought . Predat ion  impacts  on  forage

spec ies  assemblages  may be  by  a  d i rec t  process  through

m o r t a l i t y , for example, " l a k e  t r o u t  e a t  s c u l p i n s " ,  o r

t h e y  m a y  b e  i n d i r e c t ,  s u c h  a s  ' s a l m o n i d s  a f f e c t  y e l l o w

perch  popula t ions  by  preda t ing  on  a lewives  which  in te rac t

w i t h  y e l l o w  p e r c h  ( t h r o u g h  p r e d a t i o n ,  f o o d  c o m p e t i t i o n ) " .

2 .  By unders tanding  the  eco logica l  boundar ies  of  each  sys tem

(as  descr ibed  above) , d i f f e r e n t  o p t i o n s  s h o u l d  t h e n

b e  i d e n t i f i a b l e  f o r  f o r a g e  s t r u c t u r e  a n d  a b u n d a n c e  a t

d i f f e r e n t  p r e d a t o r  d e n s i t i e s . T h e s e  o p t i o n s  w i l l  t h e n

form the basis for community level management goals for

e a c h  l a k e .

3 .  A f t e r  t h e  e c o l o g i c a l l y  b a s e d  m a n a g e m e n t  a l t e r n a t i v e s

a r e  i d e n t i f i e d , t h e n  t h e s e  o p t i o n s  w o u l d  b e  e v a l u a t e d

i n  t e r m s  o f  m a x i m i z i n g  e c o n o m i c  a n d  s o c i a l  b e n e f i t s .

Each management  au thor i ty  wi l l  have  to  de termine  the

e c o n o m i c  a n d  s o c i a l  b e n e f i t s  w i t h i n  t h e i r  r e s p e c t i v e

130



- 5 -

j u r i s d i c t i o n s . These management options will need

to  be  eva lua ted  a t  an  in te ragency  leve l  ( such  as  by

the Lake Committees) in order that  benefits  may be

maximized among jurisdictions. T h i s  l a s t  s t e p

c o u l d  b e  e n o r m o u s l y  d i f f i c u l t  d u e  t o  t h e  i n s t i t u t i o n a l

complex of management agencies on the Great Lakes.

Recommended Actions for the Council of Lake Committees

There are a number of actions that  the Council  of Lake Committees

c o u l d  i m m e d i a t e l y  i n i t i a t e  i n  o r d e r  t o  a i d  i m p l e m e n t a t i o n  o f

t h e  p r o c e s s  i d e n t i f i e d  a b o v e . These  ac t ions  a re  as  fo l lows:

1 .  P r e d a t o r y  i m p a c t s  o n  t h e  f o r a g e  b a s e  c a u s e d  b y  s t o c k i n g

a n d / o r  c o m m e r c i a l  h a r v e s t  s h o u l d  b e  c o n t r o l l e d  i n  r e l a t i o n

t o  f o r a g e  a b u n d a n c e . If  forage consumption by stocked

sa lmonid  preda tors  i s  a  force  for  change  in  communi ty

s t r u c t u r e , then management agencies currently have the

c a p a b i l i t y  t o  c o n t r o l  m u c h  o f  t h i s  i m p a c t  b y  t h e  r e g u l a t i o n

of the predator numbers stocked. For example,  Wisconsin

has  been  working  on  a  s tocking  pol icy  tha t  regula tes

s tocking  numbers  based  on  ind ica tors  of  forage  abundance .

I n  t h e  p a s t  y e a r , Wiscons in  has  re fused  to  s tock  surp lus

hatchery production of chinook salmon into Lake Michigan.

In  some loca t ions , regula t ions  may be  necessary  to  cont ro l

the  commerc ia l  harves t  of  forage  spec ies . T h e s e  e f f o r t s

t o  c o n t r o l  f o r a g e  u t i l i z a t i o n  l e v e l s  i n  o r d e r  t o  c o n t r o l

preda tory  impacts  ( inc luding  man)  on  forage  spec ies
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should be coordinated by the Lake Committees. We recommend

that new working groups be established within each Lake

Committee to address this issue. We suspect that a

transfer of this responsibility to the Lake Trout Technical

Committees would not be wise because committee member

composition, although appropriate for lake trout management,

may not contain the expertise required to begin this

first step towards community level management. The

intent of this first action is to reduce the rate of

change that is being observed in Great Lakes forage

communities in order to preserve the maximum number

of management options available for later ecological,

economic, and social evaluation.

A data base management system for data sets about forage

and predator species should be established for each

Great Lake. Establishment of this system will require

standardized data collection among agencies. One agency

should be given the responsibility for compilation and

updating of data files. It is recommended that a central

data base be maintained for each Great Lake and that

access to the data base be decentralized to assure ease

of availability to participating agencies. A protocol

must be developed to determine "rights" for data analysis

and subsequent publishing of common access files. Data

quality control and security of files will also have

to be addressed by the Council of Lake Committees.

2.
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Establishment of a data base management system will

n o t  b e  a n  e a s y  t a s k  s i n c e  d a t a  c o l l e c t i o n  p r o c e d u r e s

a r e  n o t  s t a n d a r d i z e d  a m o n g  d i s t r i c t s  o r  r e g i o n s  w i t h i n

some agencies.

3 .  T h e r e  a r e  a  n u m b e r  o f  k e y  i n f o r m a t i o n  n e e d s  t h a t  m a s t

b e  a d d r e s s e d  a b o u t  c o m m u n i t y  s t r u c t u r e ,  f u n c t i o n ,  a n d

i n t e r a c t i o n ,  f o r  e x a m p l e :

a . About  some i ssues  there  may be  a  l a ck  of  ecosys tem

theory available in order to implement community

based fish management. The upcoming ASPY symposium

m a y  s e r v e  t o  f i l l  s o m e  o f  t h e s e  t h e o r e t i c a l  g a p s .

b .  There  i s  a  need  for  the  ident i f ica t ion  of  communi ty

leve l  ind ica tors  tha t  can  be  used  to  measure  ecosys tem

dynamics. Such  indica tors  could  then  serve  as  parameters

t o  b e  s t a t e d  w i t h i n  m a n a g e m e n t  o b j e c t i v e s . These

i n d i c a t o r s  w o u l d  p r o b a b l y  f o c u s  o n  e n e r g e t i c  o r  s t r u c t u r a l

measures of communities.

C . T h e r e  i s  a  n e e d  t o  e v a l u a t e  t h e  f e a s i b i l i t y  ( p o l i t i c a l ,

s o c i o l o g i c a l )  o f  a d j u s t i n g  f i s h i n g  r e g u l a t i o n s  a n d

s tocking  in  order  to  manage  f i sh  communi ty  s t ruc ture

and  func t ion .

d.  We have a need to better  understand the amount

o f  f o r a g e  r e c r u i t m e n t  v a r i a b i l i t y  t h a t  i s  a  f u n c t i o n

o f  a b i o t i c  ( c l i m a t i c )  a n d  b i o t i c  ( p r e d a t i o n ,  c o m p e t i t i o n )

processes . There  i s  a  cur ren t  cont roversy  be tween

the  Univers i ty  of  Wiscons in  (Ki tche l l )  and  the  Grea t
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Lakes  Fishery  Labora tory  (Eck ,  Brown)  about  the  ro les

o f  t h e s e  p r o c e s s e s . T h i s  i n f o r m a t i o n  w i l l  a l s o  h e l p

i n  u n d e r s t a n d i n g  t h e  n a t u r a l  l e v e l  o f  v a r i a b i l i t y

t h a t  s h o u l d  b e  a n t i c i p a t e d  i n  t h e s e  e c o s y s t e m s .

e . I f  s tocking  i s  to  be  used  as  a  management  tool  to

af fec t  Grea t  Lakes  communi t ies ,  then  there  i s  a  need

to  unders tand  the  amount  of  var ia t ion  in  forage

c o n s u m p t i o n  t h a t  w i l l  b e  c a u s e d  b y  n a t u r a l  r e c r u i t m e n t

processes  ( for  example , the  amount  of  na tura l  reproduct ion

o f  P a c i f i c  s a l m o n  i n  M i c h i g a n  t r i b u t a r i e s )  a n d  b y

t h e  s t o c k i n g  o f  d i f f e r e n t  g e n e t i c  s t r a i n s  o f  a  s p e c i e s

(for example, Skamania  versus  Shas ta  ra inbow t rout ) .

T h i s  i n f o r m a t i o n  i s  e s s e n t i a l  i n  o r d e r  t o  d e t e r m i n e

t h e  l e v e l  o f  c o n t r o l  o v e r  p r e d a t i o n  t h a t  i s  p o s s i b l e

b y  t h e  r e g u l a t i o n  o f  s t o c k i n g .

f .  There  i s  a l so  a  need  to  document  and  unders tand  the

impact of white perch on Lake Erie. T h i s  i n f o r m a t i o n

c o u l d  h e l p  t o  p r e d i c t  f u t u r e  i m p a c t s  i n  o t h e r  l o c a t i o n s

such as Green Bay. The Council of Lake Committees

should advise the Commission to encourage research

a b o u t  t h i s  s p e c i e s .
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