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A TAKE TROUT RESTORATION PLAN FOR
LAKE SUPERIOR

Michael J Hargén, editor -
National Biological Service
Great Lakes Science Center

1451 Green Road
Ann Arbor, Ml 48105

ABSTRACT. The objective for lake trouwt (Salvelinus namaycush) restoration in
Lake Superior is to restore self-sustaining stocks that can annually yield about 2
million kg (4 million pounds), the average annual yield in 1929-1943. Progress
toward the goal should be measured by the number of age-1 juveniles produced
in each lake trout management area and by the average density of adults caught
in gill nets. Progress toward the goal will require prudent regulation of sport and
commercial fishery harvests and increased control of the sea lamprey (Petromyzon
marinus). Stocking of yearling lake trout should be phased out in response to
progress in restoration and to declining survival of stocked yearlings. Interactions
with other salmonine predators should be the focus of future research. Prey
species should be managed conservatively to ensure that their abundance is
adequate to provide for the maturation of lake trout at reasonably young ages.
Habitat should be surveyed to ensure that key habitats for reproduction and
survival are protected.



INTRODUCTION

The lake trout (Salvelinus namaycush) supported an annual commercial harvest of 2
million kg (4 million pounds) in Lake Superior -fromi 1920 to 1950 (Lawrie and ‘Rahrer 1972,
1973). Commercial harvest declined sharply in the 1950s as lake trout stocks collapsed from
overfishing and sea lamprey (Petromyzon marinus) predation (Hile et al. 1951; Smith 1971;
Smith et al. 1974; Pycha and King 1975). Harvest of lake trout declined more than 90% from
1953 to 1962, when management agencies closed commercial lake trout fisheries (Pycha and
King 1975). Chemical control of the sea lamprey began in 1958 and reduced their abundance
&7% by 1961 (Smith et al. 1974). Hatchery-reared lake trout were stocked nearly continuously
after 1952 (Hansen et al. in press).

The lake trout was expected to recover quickly in Lake Superior because intensive
stocking was underway, sea lamprey control was achieved, and commercial fisheries for lake
trout were closed while some native lake trout still survived. In the 1960s, abundance of inshore
lake trout increased sharply in Wisconsin and Michigan where stocking rates were highest (Pycha
and King 1975). In contrast, lake trout abundance increased slowly in Ontario, where stocking
rates were lower, and less in Minnesota, where stocking began several years later. Stocked lake
trout sustained high abundance in Michigan throughout the 1970s, but declined sharply in
Wisconsin in the early 1970s (Hansen et al. in press). Remnant stocks of native lake trout
persisted at Gull Island Shoal and Cat Island in Wisconsin; Thunder Bay, Superior Shoal, and
the Slate Islands in Ontario, and Stannard Rock, Isle Royale, and Munising in Michigan.

In the 1980s and early 1990s, increased fishery exploitation, continued sea lamprey
predation, and reduced stocking affected lake trout restoration. Abundance of stocked lake trout
declined sharply in Michigan in the 1980s because of reduced stocking and poor survival (Hansen
et al. 1994b, in press). In Wisconsin, abundance of stocked lake trout declined more slowly
during the same period for similar reasons, but in Minnesota, abundance increased because
stocking was stable and survival remained good. Abundance of stocked fish declined in Ontario
where stocking rates were low. Managers reduced stocking in Wisconsin and Michigan because
they expected that stocked fish would be protected from exploitation and would mature and
reproduce. Reduced stocking in Lake Superior also resulted from increased demand for lake
trout, which were reared in U.S. federal hatcheries, in Lakes Michigan and Huron.

Stocked lake trout were unable to locate and colonize many spawning reefs in Wisconsin;
surviving wild stocks accounted for most natural reproduction at Gull Island Shoal (Krueger et
al. 1986). In contrast, stocked fish reproduced on most historical spawning reefs in Michigan
(Peck 1979; Hansen et al. in press) and Minnesota (Hansen et al. in press). Abundance of wild
fish has been stable in Wisconsin since the 1970s. In Michigan, abundance of wild fish increased
throughout the 1970s as reproduction expanded and stabilized in the 1980s as fisheries became
established. Abundance of wild fish in Minnesota increased slowly in the 1980s, but remains
lower than in Wisconsin or Michigan. In much oI Ontario, wild fish dominate the incidental
catches in commercial fisheries, but abundances are still below target levels. Wild fish are rarely



caught in the commercial fishery in Whitefish Bay, where a 1985 court-ordered settlement
berween the state of Michigan and several native tribes deferred lake trout restoration programs.

Though progress has been substantial, laketrout restoration still requires stringent control
of fisheries, increased control of sea lampreys, and better survival of stocked fish. Fishery
managers must prudently regulate the harvest of wild lake trout stocks, especially since the
survival of stocked fish has declined so drastically in many areas (Hansen et al. 1994a). Much
has been learned since the first lake trout restoration plan for Lake Superior was accepted in 1986
(LSLTTC 1986). Standardized stock-assessment methods, along with annual reporting of key
stock statistics, are now used to measure progress in lake trout restoration. Catch data for all
tommercial and some sport fisheries allows documentation of sources of exploitation. A lake
trout population model allows evaluation of factors that affect lake trout restoration, such as
fishing, sea lamprey predation, and stocking (Ebener et al. 1989). The model also helps us to
predict the effects of management actions and to set allowable-harvest limits.

Restoration of inshore lake trout in Lake Superior has been affected by fishing, hatchery
diseases, sea lamprey predation, and burgeoning siscowet stocks. Fishing mortality is too high
in some areas, especially where two or more agencies 1eguiaie fisheries (Hansen et al. in press).
An outbreak of epizootic epitheliotrophic disease (EED) reduced hatchery production of the
1984-1987 lake trout year-classes (McAllister and Herman 1989). Sea lampreys are too abundant
in some areas, especially in western Lake Superior where they killed as many lake trout as did
humans in 1994 (Hansen et al. 1994b). Siscowets increased greatly in abundance and may now
compete with or prey on lean lake trout. Survival of stocked yearling lake trout declined in many
areas for reasons that we do not fully understand (Hansen 1994; Hansen et al. 1994a).

This lake trout restoration plan for Lake Superior updates a plan adopted in 1986
(LSLTTC 1986). The revised plan addresses impediments to further progress in lake trout
restoration in Lake Superior and recommends future management actions based on the results of
ongoing stock assessments and previous research. Lake trout restoration in Lake Superior has
evolved from a program that was dominated by stocking to a program that relies on prudent
management of wild lake trout stocks. The plan reflects this shift in emphasis. The plan was
prepared by the Lake Superior Technical Committee (Appendix A) and accepted by the Lake
Superior Committee (Appendix B).



MANAGEMENT AREAS

Lake Superior is divided into management areas for planning and reporting (Fig. 1)
because lake trout stocks and the factors that affect them differ across the lake. Management
areas in the United States are statistical districts (Smith et al. 1961), whose borders were
modified to conform to statistical grids and to better reflect the total area occupied by individual
lake trout stocks. Management areas in Ontario are from the provincial quota management plan.
Adoption of grid boundaries simplifies catch reporting and data summarization.

MIs

Fig. 1. Lake Superior lake trout management areas.



GOALS FOR RESTORATION

The goal of lake trout restoration in Lake Superior is to restore self-sustaining stocks that
can provide an annual catch of 2 million kg (4-miillionpounds), the average annual yield in
1929-1943 (Busiahn 1990). In the future, objectives will be developed for each of the three lake
trout forms that were historically caught in Lake Superior: the lean, siscowet, and humper
(Burmham-Curtis 1993; Bumham-Curtis and Smith 1994). In the interim, the goal refers only to
lean lake trout. Lean lake trout typically live inshore in water shallower than 73-m deep (40
fathoms) Siscowets typically live offshore in water ranging from 50-m to 150-m deep (27-82
fathoms). Humper lake trout live over isolated shoals, 50-m (27 fathoms) deep, surrounded by
“‘waters greater than 100-m (55 fathoms) deep. Lean lake trout have a straight, pointed snout,
slender body, and low fat content. Siscowets have a convex snout, robust body, and high fat
content. Humper lake trout have a snout similar to that of the lean, large eye, thin body wall,
and intermediate fat content.

To achieve the goal of lake trout restoration in Lake Superior, populations of parasitic sea
lamprey will need to be decreased 50% by the year 2000 and 90% by the year 2010, and lake
herring (Coregonus artedi) stocks will need to recover to historic (1916-1940) numbers that can
sustain restored lake trout stocks (Busiahn 1990). Lake trout restoration may fall short of the
goal if sea lamprey-induced mortality does not decline or if lake herring do not recover to levels
that will support self-sustaining lake trout stocks. Lake trout restoration may also fall short of
the goal if other salmonine predators eat part of the lake herring production needed by lake trout.
Fish community models will be used to investigate these and other tradeoffs.

Progress toward the long-range goal should be measured by the number of recruits that
are produced by the spawning stock in an individual management area. In order for lake trout
stocks to sustain an average annual yield of 2 million kg (4 million pounds), they must produce
3.6-10.1 million recruits (1.5 years old) if instantaneous natural mortality is 0.10-0.25 (Sakagawa
and Pycha 1971). Lake trout population modeling shows that natural mortality is about 0.12
(Ebener et al. 1989), and modem lake trout stocks should, therefore, produce about 3.6-million
recruits if the goal is to be achieved (Table 1). The number of wild recruits in an area should
be estimated with the lake trout population model for that area or with a direct measure such as
trawling. Achievement of the target level of recruitment would suggest that the long-range goal
for lake trout restoration in that area had been achieved.

Comparison of lake trout abundance between historic and modern times permits evaluation
of the status of lake trout stocks. Hansen et al. (in press) updated previous analyses of lake trout
abundance (Hile et al. 1951; Pycha and King 1975) to directly compare lake trout abundances
in Michigan and Wisconsin during 1929-1993 (Fig. 2). Lake trout abundance that is similar to
the 1929-1943 average should permit restoration. Progress can be judged in this way only in
Michigan and Wisconsin, however, because historical lake trout data have yet to be analyzed for
Minnesota or Ontario.



Table 1. Total area of lean lake trout habitat <73-m (<40-fathoms) deep and numbers of wild
lake trout recruits (age 1.5 at a 0.12 natural mortality rate) for Lake Superior management areas.

-

Area km®’ - -~ Number of Recruits
MNI1 386 82,363
MN2 80 16,981
MN3 149 31,806
“MN Total 614 131,149
WI1 520 111,126
W2 2612 557.897
WI Total 3,133 669,023
MI1 481 102,718
MI2 1,162 248,194
MI3 455 97,076
Mi4 1,430 305,444
MI5 756 161,462
MI6 749 159,857
MI7 372 79,431
MI8 1,508 321,983
MI Total 6,912 1,476,164
ONL 2,3 &4 689 147,135
ON4 & 5 212 45,357
ON6 62 13,275
ON7 210 44304
ON7 & 8 171 36,507
ONO, 12 & 13 373 79,652
ONI0 & 11 355 75,780
ONI11 220 47,017
ON14 21 4,425
ON17 & 18 161 34,295
ON16 34 7,191
ONI19 & 20 262 55,867
ON23 & 24 280 59,739
ON25, 26 & 27 855 182,536
ON28, 29, 30 & 31 738 157,644
ON33 1,015 216,831
ON34 412 87,949
ON34 129 27,657 -
ON Total 6,198 1,323,664

Lake Total 16,856 3,600,000
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Fig. 2. Abundance of lake trout in Michigan and Wisconsin waters of Lake Superior during
1929-1993 (Hansen et al. in press). The horizontal line depicts the 1929-1943 average.



ISSUES AND STRATEGIES
Control Fishery Exploitation

Fishery management agencies should limit the harvest of lake trout, especially of
spawning-sized fish, i.e. those 264 c¢m (25 inches) in lenuth, so that total mortality on adults is
less than 45% per year. In the 1950s, excessive fishing mortality caused lake trout stocks to
collapse in Lake Superior before the sea lamprey invaded ‘he system (Hile et al. 1951; Pycha and
King 1975; Jensen 1978; Coble et al. 1990). Today, fishing mortality can still affect progress
én lake trout restoration (Hansen 1994). Self-sustaining lake trout stocks now exist in much of
Eake Superior, and 8 to 20 year-classes of wild spawners use many spawning reefs (Hansen et
al. in press). Excessive fishing mortality can, however, inhibit recovery and even cause these
stocks to decline. Fishery managers should continue to protect all stocks of spawning-sized fish,
including lean, siscowet, and humper forms, within a management area.

The plan target for total mortality is a compromise between the value that most quickly
restores the stock (no fishing mortality) and the value that allows the maximum sustainable yield
(Ricker 1975). The total mortality target was 50% in the previous version of the lake trout
restoration plan because Healey (1978) suggested that a lake trout stock that suffered more than
50% total mortality would decline. That value was reduced to 45% because the simulated
(modelled) abundance of lake trout spawners declined when mortality exceeded 45%, but
increased when mortality was below 45% (TFRC 1992; IZbener et al. 1989). '

Low fishing mortality (10-15%) is recommended for species such as lake trout that live
long, grow slowly, and mature late (Ricker 1975). Historically, the failure to adequately control
exploitation of such species occurred partly because managers and fishers believed that high
yields were sustainable (Hilborm and Walters 1992). As a result, commercial fisheries frequently
over-fished a stock to a point where recovery was inhibited before declining catch rates forced
switching to a new stock. A major challenge for fishery managers will be to convince
commercial fishers and anglers not to increase their effort when fishing is temporarily good.
Failure to convince them will impede restoration, cause large variations in catch, and limit yield.

Fishery managers require that estimates of total annual mortality be partitioned into
natural, sea lamprey-induced, and fishing-induced components. The population model, used to
predict allowable-harvest limits, estimates fishing mortality by subtracting natural and sea
lamprey-induced mortalities from total annual mortality (Ebener et al. 1989). Accurate estimates
of natural and sea lamprey-induced mortalities are, therefore, essential for predicting allowable
harvests and subsequent fishery management actions. Based on simulations of lake trout
population dynamics, natural mortality of lake trout in Lake Superior is about 12% per year for
fish age 1 and older. Sea lamprey-induced mortality is es:imated from observed wounding rates-
and the size-specific probabilities of lake trout surviving sea lamprey attacks.

Lake trout harvest should remain within allowable limits to protect lake trout stocks. A
cohort-specific population model was used to derive allowable lake trout surpluses for
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management areas in the United States, including Michigan areas MI2 through MI6, Minnesota
areas MIN1 through MN3, and Wisconsin area WI2. The estimated allowable surpluses are used
to set regulations that prevent over-harvest of the lake trout stocks under each agency's
jurisdiction. Ontario originally set commercial fishéry quotas that were based on the number of
lake trout needed to estimate sea lamprey wounding rates but later adjusted the quotas to reflect
estimates of allowable harvest.

Fishery agencies with jurisdiction in Lake Superior regulate their sport and commercial
fishery harvests in a variety of ways (Harsen et al. in press). In some areas, commercial limits
are based on the length of gill nets and aumber of trap nets used. In other areas, quotas are
“enforced by issuing tags that must be affiked to all lake trout landed by commercial fishers. In
most areas, size and bag limits are used to restrict the harvest of lake trout by anglers, and the
lake trout spawning season is closed tc both sport and commercial fishing. Refuges and
restricted-use areas afford added protection to specific lake trout spawning stocks in Wisconsin.
Each of these fishery management practiczs protects spawning-sized lake trout and helps reduce
total annual mortality.

Quantifying the numbers of siscowet and lean lake trout caught in commercial and sport
fisheries will allow measurement of progress in restoring lake trout. In some areas, the
commercial harvest of siscowets is less restricted than that of lean lake trout. The identification
of illegally taken lean lake trout as siscowets should, therefore, be investigated by law
enforcement agencies. In addition, the aarvest of leans and siscowets should be accurately
quantified for all sport and commercial fisheries to ensure compliance with allowable harvest
limits for leans.

Control Sea Lamprey Populations

The fish community objective for sea lamprey in Lake Superior seeks to reduce
parasitic-phase abundance 50% by the year 2000 and 90% by the year 2010 (Busiahn 1990). The
contribution of sea lamprey predation to the collapse of lake trout stocks in Lake Superior in the
1950s (Hile et al. 1951; Pycha and King 1975; Jensen 1978; Coble et al. 1990) prompted the
United States and Canadian governments to sign the Great Lakes Fishery Convention of 1955,
which created the Great Lakes Fishery Ccmmission (GLFC). One of the primary initiatives of
the GLFC was to control the sea lamprey. Chernical treatments of tributaries began in the Lake
Superior basin in 1958 and reduced sea lamprey abundance 87% by 1961 (Smith 1971; Smuth
et al. 1974). Continued chemical control. together with barriers on tributaries, has maintained
this reduction in sea lamprey numbers tc the present (Klar and Weise 1994). However, sea
lampreys still kill as many lake trout as humans catch in some areas of Lake Superior (Hansen
et al. 1994b). Further reductions in sea lamprey abundance are needed to reach the long-term
goal for lake trout restoration.

The severity of sea lamprey-induced mortality on lake trout depends on lake trout size,
sea lamprey size, and water temperature (Farmer 1980; Kitchell and Breck 1980; Pycha 1980;
Bergstedt and Schneider 1988; Kitchell 1990; Swink 1990, 1993). Each sea lamprey can kill up



to 21 kg (46 pounds) of fish per year, most of whuch is destroyed in October-November when
feeding is greatest (Kitchell and Breck 1980). Sea lampreys prefer larger lake trout over smaller
ones (Swink 1991), but survival from a smgle sea larrprey attack 1s inversely related to fish
length (Swink 1990): .

Fish length Survival
cm inches %
< 56 <22 36
56-64 22-25 56
= > 64 > 25 57

Sea lamprey-induced mortality of lake trout in Lake Superior was 20-82% during 1968-1978 in
Michigan (Pycha 1980) and 7-56% during 1964-1976 n Wisconsin (Swanson and Swedberg
1980).

Sea lamprey attack rates are expressed as the percentage of wounded lake trout caught
in spring. Calculation of the total sea lamprey-induced mortality is based on the number of
attacks and the probability of surviving an attack (Ebener et al. 198Y), which may vary for single
and multiple attacks. Improvements in mortality estimation will depend on a better understanding
of survival probabilities and the relation between wounding rates and survival. Current levels
of sea lamprey-induced mortality on lake trout of all sizes in Lake Superior are estimated at
3-13% for eastern U.S. waters, 5-19% for western U.S. waters, and 0-13% for Canadian waters.

The GLFC initiated an Integrated Management of Sea Lamprey (IMSL) program to
rationalize control costs in relation to fishery bencfits. Mathematical models of sea
lamprey-control levels and allowable limits of lake: trout harvest are currently being developed.
These models incorporate data on lake trout and sea lanprey population dynamics, wounding
rates, and sea lamprey control. Sea lamprey-contrel specialists increased quantitative estimation
of larval and adult sea lamprey numbers to validate the IIMSL model and the sea lamprey control
program. Sea lamprey numbers can be further reduced by applying lampricide more frequently
in major sea lamprey-producing tributaries, treating offshore larval populations annually, and
expanding the use of barriers. Other new techniques, such as the release of sterilized male sea
Jampreys, may further enhance sea lamprey control.

Stock Hatchery-Reared Lake Trout
Stocking Criteria and Rates

Emphasis within the lake trout-restoration prograrn in Lake Supertor has shifted since the
first lake trout rehabilitation plan was adopted (I.SLT-C 1986). The previous plan defined
stocking priorities and rates whereas the new plan estaslishes procedures that can be used to
define when stocking should cease. This change was nceded because in many areas lake trout
are now self-sustaining, and the survival of stocked lake trout has declined greatly (Hansen et
al. 1994a). In the future, data on stocked lake trout <hould be used to define the effect of
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population density and other factors on yearling survival, which can be helpful for developing
new stocking criteria. Additional work is needad to determine if either stocking lake trout at a
larger average size or reducing other sources of mortality can improve survival.

st -

Stocking strategies for individual management areas should be based on the success of
lake trout restoration and the status of the fish community in each area. Bioenergetics models
should be used to estimate the energy dynamics of the fish community and the number of lake
trout to stock. However, the population d:mamizs of all predator and prey species are too poorly
understood to use them for Lake Superior. Until better biological information is available, lake

“trout stocking in the United States (see b:low for stocking in Ontario) should only be pursued
“where agencies are committed to lake trout restoration, mortality is effectively controlled, stocks
show progress in restoration, and stocked fish survive adequately.

Application of the following criteria is recommended to determine whether lake trout
stocking should be discontinued in U.S. management areas. The criteria only apply to lake trout
stocked as part of the restoration plan. Some fishery management agencies also stock lake trout
to enhance fisheries in their jurisdictions. The appropriateness of such stocking should not be
evaluated under these criteria.  Although sstocking can be discontinued based on any one of the
following criteria, all four criteria should be examined before action is taken.

1) Agency commitment There must be a political commitment to lake trout restoration.
Stocking should be discontinued in any area where the management agency or agencies
fail to support lake trout restoration.

2) Harvest control Agencies commitied to lake trout restoration should institute programs
of fishery regulation and enforcement. Discontinuance of stocking should be considered
for any area where the allowable: harvest is exceeded by more than 10% for three
successive years.

3) Wild fish abundance The progress of lake trout stock restoration is evaluated through the
relative numbers of wild and stockzd fish in the spawning stock, and the stability of the
wild stock over time. Stocking chould be discontinued in any area where wild fish
compose at least 50% of the catch of spawning-size lake trout in the spring assessment
fishery and where abundance is stzble or increases for three consecutive years.

4) Stocked fish survival Even exceotionel commitment and regulatory enforcement by
managers may be inadequate to easure the survival of stocked fish in Lake Superior.
Stocking should be discontinued in any area where the survival index for stocked fish
falls below 1.0 for three successive years. The survival index is calculated as the number
of age-7 stocked lake trout caught per km of gill net divided by the number (4rsasttions)
of lake trout stocked seven years earlier. 199 eve

In management areas where these c-iteria show that stocking should end, agencies should
educate affected users as to why the change is needed. In areas where the criteria suggest that
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stocking should be continued, lake trout should be stocked as shown in Table 2. These stocking
rates were developed based on the survival of lake trout < tocked in Lake Superior (Hansen 1988,
1989). Change in these stocking rates may be needed if fish are released at larger sizes than they
were In the 19705 or mortality on lake trout changes significantly. .

TABLE 2. Numbers and strains of yearling lake trout recommended for stocking in Minnesota
(MN), Wisconsin (WI), Michigan (MI), and Ontario (OIN) management areas of Lake Superior.

Area Number Strain
MN1 223,800 Isle Royale
MN2 46,200 Isle Royale
MN3 86,400 Isle Royale
WI1 89,400 Gull Island Shoal
WI2 186,500 Gull Island Shoal
MI1 0 Isle Royale
M2 136,200 Gull Island Shoal
MI3 0 Gull Island Shoal
Mi4 189,600 Marquette
MIS 159,500 Marquette
MI6 94,500 Marquette
MI7 98,400 Marquette
MI8 0 Marquette
ON4 32,000 Michipicoten Island
ON9 100,000 Slate Island
ON31° 182,000 Michipicoten Island
ON33 210,000 Michipicoten Island

"Stocking in management area ON31 should be decreased to 120,000 after five years.

Powell and Atkinson (1992) recently reviewed like trout stocking in Ontario waters of
Lake Superior. They recommended that lake trout should not be stocked in an area if wild fish
composed at least 50% of the lake trout catch, the mean age of the catch was greater than eight
years, and the risk of excessive exploitation was low. Exploitation risk was low if the
commercial lake trout harvest quota was less than 0.25 kg/ha, the angler harvest was less than
0.1 kg/ha, and the commercial lake whitefish (Coregoruts clupeaformis) harvest quota in areas
shallower than 91 m (50 fathoms) was less than five times the lake trout quota. Based on their
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review, OMNR reduced its annual stocking targer for yearling lake trout from 1,820,000 in 1986
to 524,000 mn 1993 (Table 2).

Brood Stocks and Strains R

Fishery agencies stock lake trout on y frorn brood stocks that originated in Lake Superior.
These brood stocks should be protected f-om catastrophic loss. Lake trout hatcheries in the
United States suffered severe losses of adults and juveniles due to an outbreak of EED in the late
1980s and early 1990s (McAllister and Herman 1989). This event illustrated the vulnerability
of the lake trout restoration program to losses of brood stocks at individual hatcheries. Fishery
agencies should develop strategies that dc not allow a mass mortality at a single hatchery to
reduce egg production of any strain by more than 50 percent or to suppress the production of
more than two strains.

To preserve the genetic adaptation cf wild Lake Superior lake trout, only strains of native
lake trout should be stocked. Strains from outsice the Lake Superior basin may interbreed with
wild stocks and destroy important, locall; adapted traits (Ferguson 1990; Krueger and May
1991). Interbreeding between introduced ar d native stocks, termed outbreeding depression, could
reduce genetic variability between stocks, rasulting in reduced fitness. Krueger and May (1991)
suggested that the consequences of outbrecding depression could be severe, but acknowledged
that only a few studies have documentec. its occurrence. They concluded that stocking is
appropriate for species restoration, but cauioned that stocking should end when self-sustaining
stocks are restored.

Evans and Willox (1991) inferrec. from simulations that stocking lake trout could
eliminate native stocks in inland lakes. They found that displacement of wild stocks might also
occar when the number stocked exceedec natural recruitment, high exploitation reduced the
reproductive stock, stocked adults cannibalized wild juveniles, stocked fish interfered with
spawning of wild fish, or stocked juvenile; preyed on or competed with wild juveniles. They
recommended that the genetic mtegrity of wild lake trout stocks should be protected and that
stocking in the presence of self-sustaining stocks should be banned.

Brood stock strains recommended fr Lake Superior (Table 2) are
1) Michipicoten Island native stock forr eastem Ontario waters,

2) Slate Islands native stock for weste:n Ontario waters,

3) Mishibishu strain, originally from the Cog River, and presently existing only in an
Ontario inland lake, for Ontario rivers, '

4) Southern Isle Royale native stock for Minnesota waters,
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5) Gull Island Shoal native stock for Wisconsin anc. Michigan waters west of the Keweenaw
Peninsula, and

6) Marquette domestic stock for Michigan waters :ast of the Keweenaw Peninsula.

New year classes of each brood stock should be developed to ensure an adequate supply
of eggs for production and to replace older brood socks. Eggs should be obtained from
spawning stocks in the wild. Disease policies for the Great Lakes (Hnath 1993) prevent
hatcheries from bringing in wild gametes until they hav: been isolated for two years and showr
to be disease free. Thus, a facility is needed where gam:tes from wild stocks can be isolated for
two years (USFWS 1992). Until such a facility is availeble, U.S. federal hatcheries will develop
new brood stock year classes by making reciprocal crosses among the available year classes of
each strain. At least 50 randomly selected pairs will ke mated whenever possible. When the
number of pairs is limited, two consecutive year classes will be developed and then crossed to
limit inbreeding. Brood stocks will be divided randomiy for holding at separate facilities.

Brood stocks in Ontario will be developed fron matings between randomly selected
females and males. When pairing adult fish, genetically related individuals will not be cross-bred
to prevent sibling mating and subsequent inbreeding. Genetic diversity of brood stocks will be
maximized by randomly sampling eggs from at least 50 matings, and then pooling the eggs for
hatching and rearing. A final random selection of brood fish will usually occur at age 1.

Size and Age

Yearling lake trout should be stocked at the largest possible average size, such as 3845
g (10-12/pound). In the 1960s, yearling lake trout stocked at an average size of 18-25 g
(18-25/pound) reestablished self-sustaining stocks on inchore reefs in Minnesota and Michigan
waters (Hansen et al. in press). Survival of yeaxling lake trout stocked at this average size
declined in the 1970s and 1980s (Hansen et al. 1994a). The cause of the decline in yearling lake
trout survival has not been fully identified, but larger yearlings might survive better (Hansen
1994). For example, yearling lake trout, stocked at an average size of 3845 g (10-12/pound) in
the Apostle Islands in 1985, survived 3-6 times better ttan did young of the year stocked at a
size of 13 g (34/pound) (S. Schram, Wisconsin Departmer t of Natural Resources, Bayfield, Wis.,
unpublished data). Thus, increasing the average size at stocking to 38-45 g (10-12/pound) might
improve the survival of stocked lake trout.

Fingerling and yearling lake trout, whether stockec. inshore or offshore, failed to colonize
offshore shoals in the Apostle Islands in Wisconsin (Krueger et al. 1986). From 1952 to 1983,
more than 2.3 million fingerlings and 7.3 million yearlings were stocked in the Apostle Islands
region. Stocked lake trout did not use historically important spawning shoals that lacked remnant
native stocks. The lack of success in the Apostle Islands probably occurred because fingerling
and yearling lake trout were not imprinted on and could not locate the offshore reefs in the area.
In contrast, fingerling and yearling lake trout more easily located and colonized the inshore reefs
in Minnesota and Michigan (Hansen et al. in press).
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Experimental stocking of early jife stzges of lake trout has provided encouraging resuits
and should be continued. Newly fertil zed eggs from wild Lake Superior spawners have been
stocked on Apostle Island reefs in astro- urf bundles since 1980 to reestablish reef-specific stocks
on historical, but no longer productive, ffshore reéﬁs"(’SWéanson 1982).. Early results suggest that
a stocking rate of from 2,000 to 10,000 eggs per ha 1s needed to restore reproduction on a reef.
The MnDNR plans to stock thermally marked sac fry to reestablish a spawning stock on an
inshore reef.

Prey Species

The fish community objective for prey species in Lake Superior seeks to rehabilitate
herring stocks to historical (1916-1940) levels of abundance to provide food for lake trout and
other predators and for fishery harvest (3usiahn 1990). Agencies should establish and enforce
regulations on the harvest of prey specie:: to ensure that prey supplies are adequate for lake trout
to achieve sexual maturity at a reasonibly young age (Selgeby et al. 1994). Slow growth
lengthens the time that lake trout are exposed to mortality before reaching sexual maturity and
greatly reduces the number of spawners that survive from a given number of recruits. Optimum
sustainable yields of prey species should be computed from commercial and assessment fishery
statistics. Prey stocks should be surveyed annually, and improved methods for estimating total
stock sizes should be developed (Selgeby et al. 1994). Methods for estimating prey consumption
by salmonine predators are needed to assire optimal use of prey species for commercial harvest
and predator food.

Coregonines were historically the most significant prey of larger lake trout in Lake
Superior (Dryer et al. 1965). The lake herring was the most common coregonine caught in
commercial fisheries, and because their disstribution-broadly overlaps that of lake trout, they were
probably its major prey species. Deepwater ciscoes such as bloater (Coregonus hoyi), kiyi (C.
kiyi), and the shortjaw cisco (C. zenithicus) may have been important prey for lake trout that
inhabited deep water, and especially for siccower. Inthe 1950s and 1960s, however, lake herring
stocks declined and rainbow smelt (Osmoerus mordax) stocks increased. As a result, rainbow
smelt became and have remained the majo- prey of most inshore lake trout after 1961. Rainbow
smelt are not important prey in deep or offshore areas of Lake Superior, where they are
uncommon. Since 1978, rainbow smelt stocks declined more than 50%, whereas lake herring
stocks nearly reached historic abundances in some areas.

Lake trout have increased their feeding on lake herring in recent years, but consumption
is niot in proportion to the increased abundince of lake herring. Lake trout and other salmonine
predators still mainly eat rainbow smelt in spring (Conner et al. 1993), though more lake herring
are eaten in other seasons (Gallinat 1993). Lake trout living offshore eat mostly coregonines and
deepwater sculpins (Myoxocephalus thom:oni) (Conner et al. 1993). Small juvenile lake trout
prev on invertebrates, and larger juveniles (up to a length of 38 cm, 15 inches) eat small slimy
sculpins (Cortus cognatus), rainbow sme:t, opossum shrimp (Mysis relicta) and burrowing
amphipods (Diporeia spp.) (Eschmeyer 19:6; Dryer et al. 1965; Swedberg and Peck 1984).
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Non-Native Salmonines

The fish community objective for other salmoniie predators in Lake Superior seeks to
achieve an unspecified yield that maintains a pre@ator-; rey balance and allows normal growth
of lake trout (Busiahn 1990). Coho salmon (Oncordynchus kisurch), chinook salmon (O.
tshawytscha), pink salmon (O. gorbuscha), Atlantic sa mon (Sa/mo salar), rainbow trout (O.
mykiss), brown trout (S. frutta), and splake (Sdalvelinus namaycush x S. fontindis) have been
stocked sporadically in Lake Superior since the late 180Cs and intensively since the 1950s (Peck
et al. 1994). At present, these non-native salmonines are aot known to adversely affect lake trout
“‘growth or survival (Selgeby et al. 1994). However, in some areas of the lake during the 1980s,
survival of stocked lake trout declined (Hansen et al. 1994a)—perhaps because of predation by
non-native salmonines—and growth of lean lake trout de sreased (Hansen et al. 1994b)—perhaps
because of competition with non-native salmonines or wild lake trout. Such potential interactions
between non-native salmonines and wild lake trout sho ild be better described to determine if
changes in lake trout growth and survival were caused by interspecific competition or predation.

All non-native salmonine species except pink salmon were intentionally introduced into
Lake Superior, all are stocked annually, and all but splake are reproducing. Coho salmon,
rainbow trout, and chinook salmon are the most abundant species. Lake trout do not substantially
overlap spatially with other salmonines, but most of thera consume the same prey as lake trout,
especially rainbow smelt, the principal prey species since the 1960s (Conner et al. 1993).
Feeding and bioenergetics studies show that chinook salmon overlap the most with lake trout
(Negus 1992, 1995; Conner et al. 1993). Declining lake t-out growth in Michigan and Wisconsin
in the 1980s (Hansen et al. 1994b) may have resulted from competition with other salmonines,
such as chinook salmon, particularly if prey was limited (Negus 1992, 1995). However, rainbow
smelt biomass increased from 1981 through 1986 and lake herring biomass increased from 1981
through 1992 (Selgeby et al. 1994). Perhaps these changes caused the growth of wild lake trout
to stabilize in Michigan after 1986 (Hansen et al. 1994b).

In the past decade, knowledge of the Lake Superior salmonine community has been
greatly improved. Salmonine species abundances, sizes, and age compositions are routinely
estimated through creel surveys of sport fisheries in Minncsota and Wisconsin, parts of Michigan,
and selected ports in Ontario (Peck et al. 1994). Similar data are also obtained from lake trout
surveys and commercial catches in most areas (Hansen et al. 1994b). Recent studies show that
most salmonines are self-sustaining (Peck et al. 1994). Tt ese studies, along with data on survival
of stocked fish, may provide a basis for estimating "otal abundance. Surveys should be
conducted annually or semiannually because abundances of some species fluctuate greatly
(Wagner and Stauffer 1978; Peck and Schorthaar 1991; Peck 1992).

Habitat
Habitat that is critical for lake trout reproduction and survival should be identified,

mapped, and protected from change. Lake trout spawned historically in Lake Superior on
offshore rock and rubble reefs, on rocky shorelines, on points extending into deep water, and in
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a few rivers (Loftus 1958; Lawrie 1978). In recent years, self-sustaining lake trout stocks have
returned to many areas of Lake Superior but not to all historical spawning reefs or rivers.
Successful lake trout restoration requires 11ore than just spawning habitat. Optimal habitat is also
needed for other life stages of fishes (Eve hart et-al."1975). Toxic pollutants, poor water quality,
watershed misuse, sedimentation, eutropt ication, and residential and commercial developments
czn adversely affect lake trout reproduct on and survival and other parts of the Lake Superior
ecosystem. Accurate description of the juantity and quality of habitat required for lake trout
reproduction and survival will allow restoration of these habitats where they are degraded.

= ROUT:NE ASSESSMENT
Lake trout abundance, mortality, viounding, growth, diet, recruitment, and harvest should
be monitored annually to track the progress of restoration and to help develop management

strategies. The collection, analysis, and 1eporting of the data for each of these statistics should
be standardized.

> Abundance of stocked (fin-clipped) and wild (not fin-clipped) lake trout should be
indexed in each management area rom the catch per unit of effort (CPE) for 11.4 cm (4.5
inches) stretch-measure gill nets inade of 210/2 nylon multifilament twine, 18 meshes
deep, hung on the one-half basis, and fished in late April through May for three nights
per lift. For ease of comparison, CPE from individual management areas should be
multiplied by the total lake surface in a management area that is <73 m (<40 fathoms)

deep.

> Total annual mortality of stocked and wild lake trout should be estimated from the
right-hand limb of within-year, «ge-frequency catch curves based on spring gill-net
assessment surveys. Mortality should be based on the first fully recruited age class and
(at least) the next four older ages. Ages should be based on otoliths but may be based
on scales for fish <58 cm (<23 inches) in total length in some areas.

» Sea lamprey wounding rates shou.d be expressed as the mean number of stage Al-A3
wounds (King and Edsall 1979) per 100 lake trout caught in spring. Wounding rates
should be summarized for length goups (total length) of 43.2-53.1 cm (17.0-20.9 inches),
53.3-63.3 cm (21.0-24.9 inches), €3.5-73.4 cm (25.0-28.9 inches), and 273.7 cm (229.0
inches).

> Growth of lake trout should be indexed as the average length at age 7 in spring until a
more meaningful measure is developed.

> Lake trout diets, including counts ind lengths of minimally digested food items, should

be monitored from stomach sample; collected during spring assessments. Year-round diet
surveys should be conducted wher ever possible.
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Recruitment of wild lake trout should be ccmputed in each management area as the CPE
in 5.1 cm (2.0 inches) and 6.4 cm (2.5 inches) sTetch-measure gill nets of 210/2 nylon
multifilament twine, 1.8 m (6.0 feet) high, hung on the half basis, and fished one night
from late July through August. For-#ise of comparison, CPE from individual
management areas should be multiplied by the ttal lake surface in a management area
<73 m (<40 fathoms) deep.

Catches of lake trout in all sport, subsistence and commercial fisheries should be
estimated for comparison to allowable-harvest Imits. Creel surveys of sport fisheries
should be intensified where needed in order to more precisely estimate lake trout harvest.
Unreported catches in all fisheries should be investigated by law enforcement officials to
document the amount of illegal lake trout harve:t. Fisheries targeted for other species
should be monitored to estimate the incidental kill of lake trout. The accuracy of
reporting by commercial fishers should be impro'ed where needed to better estimate the
total kill of lake trout. To enhance joint man:gement of the fishery in Ontario, the
OMNR and First Nations should pursue a sharin 3 of fishery harvest data.

RESEARCH NEEDS

The following scientific information is needed to improve the lake trout restoration

program in Lake Superior:

»

Determine the composition of lean, siscowet, «nd humper lake trout in the historic
(1929-1943) commercial catches on which the 2 million kg (4 million pounds) restoration
goal is based. These data are needed to determine restoration goals for the three forms
of lake trout in Lake Superior.

Determine the probabilities of lake trout survival from single and multiple sea lamprey
attacks. These probabilities are needed to estimatc: sea lamprey-induced mortality on lake
trout and are likely only obtainable by labcratory studies.

Determine the average age at maturity of male :ind female lake trout for all important
wild stocks. These data are needed to develop st xck-specific population models and are
best obtained from summer (August-September) surveys.

Determine relative abundance, mortality, sea lam srey wounding rates, growth rates, diet
composition, fecundity, recruitment rates, and stcck definition for siscowet and humper
lake trout. These data are needed to deterrnine tie importance of siscowet and humper
lake trout in the Lake Superior ecosystem.

Develop a dynamic model of the Lake Superior fish community (Jones et al. 1993). This

model is needed to examine interactions between 1ake trout and other salmonine predators
and their collective effects on prey-fish stocks.
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Determine the average fecundity of female lake trout for all important wild stocks. These
data are needed to develop stock-s Jecific population models and are best obtained from
fall (September-October) spawning surveys.
Determine a more meaningful expression of lake trout growth than length at age seven.
Average length at age, currently usad to index annual changes in growth, may not be as
sensitive to changes in growth as a-e other measures. Other measures should be studied
to determine if one or more of them should be used instead of, or in addition to, average
length at age.

Derive a new estimate of the potential yield-per-recruit from a restored lake trout stock.
The potential yield-per-recruit was previously estimated from a 1948 collection of lake
trout scales (Sakagawa and Pychi 1971). That analysis is a good benchmark for
pre-collapse lake trout stocks, but niay be biased because scale ages likely underestimate
true ages. The analysis should bz repeated using otolith-aged samples from several
restored stocks of lean (e.g., Isle Royale, Gull Island Shoal, Stannard Rock, Superior
Shoal), siscowet, and humper lake trout. Some of these samples are available but others
must be obtained.

Determine the survival of yearling 1 ike trout that are larger than those previously stocked
in Lake Superior. Yearlings stoc<ed at 18-25 g (18-25/pound), the old target size,
currently survive very poorly in Lae Superior, but larger yearlings may survive better.
These estimates are only obtainablz from large-scale field releases and must be made
from studies on experimental stock ngs.

Determine the usefulness of autopsy-based health and condition profiles for juvenile lake
trout. These profiles may provide i1sight into the declining survival of stocked fish and
may help provide a more-fit hatchery product. These studies will likely involve large
field releases and must be undertak:n as =xperimental stockings.

Determine the distribution, abundan e, growth, mortality, reproduction, caloric densities,
and food habits of lake trout and other salmonines throughout the lake. Fishery surveys
are currently restricted to inshore areas of the lake, and nearly nothing is known about
offshore areas. Future attempts to model system bioenergetics will fail without an
understanding of the (dominant) offshore areas. Collection of these data depends on the
acquisition of a capable offshore re: earch vessel by one or more of the agencies.

Determine the abundances and caloric densities of prey species throughout the water
column in all areas of the lake. At p-esent, prey species are surveyed with bottom trawls,
which probably underestimate total biomass. Data from bottom trawls should be
integrated with data from midwater rawls and hydroacoustics to better estimate biomass
and distribution of all species. Thes: data are needed to reliably model the bioenergetics
of the Lake Superior fish community, and modelling depends on the acquisition of key
sampling equipment.
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> Determine the extent that stocked and wild lake trout use known spawning grounds, for
use in developing an atlas of lake trout spawning grounds (Goodyear et al. 1982). The
atlas should rank the most suitable locations based on the actual use by lake trout and on
surveys of habitat suitability (substrate types, sedmmeéntation rates, contaminants, current
velocity, and depth). Side-scan sonar, SCUBA, hydroacoustics, and other. methods should
be used to construct maps of spawning locations (Edsall et al. 1992). The atlas should
define areas critical for restoring self-sustaining lake trout stocks and display progress
toward meeting the habitat objectives for Lake Superior (Busiahn 1990).

REPORTING

Technical information from routine assessments and research and recommendations to the
management agencies, should be provided to the Lake Superior Committee in an annual report
on progress in lake trout restoration. The progress report should contain information that
describes allowable limits of lake trout harvest, reported and estimated catches, total annual
mortalities, refative abundance of spawners and recruits, growth, and sea lamprey wounding rates.
Annual progress reports should be synthesized every five years into a report on the state of the
lake as required by guidelines from the Great Lakes Fishery Commission.
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