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Abstract.—The population of lake trout Salvelinus na-
maycush in the main basin of Lake Huron collapsed in
the late 1940s from the combined effects of overfishing
and predation by sea lampreys Petromyzon marinus.
Stocking juvenile lake trout has been one of the key
management strategies in efforts toward lake trout re-
habilitation. However, the survival of juvenile stocked
lake trout has decreased over time in lakes Erie, Ontario,
and Superior. We examined catch per effort (CPE) for
age-5 fish divided by the number of that year-class that
was previously stocked to determine whether the sur-
vival of juvenile stocked lake trout changed in Michigan
waters of Lake Huron. During 1974–1992, this stan-
dardized CPE decreased significantly in the northwest-
ern part of Lake Huron but did not change significantly
in the central or southwestern parts of the lake. The trend
in the northwestern part of the lake probably reflects
decreasing juvenile survival attributable to increases in
sea lamprey abundance. Our study suggests that stocking
hatchery-reared lake trout is still a viable management
option for building and maintaining an adult lake trout
stock in Lake Huron.

Historically, the predominant predator in Lake
Huron was lake trout Salvelinus namaycush (Smith
1972). The lake trout population of the main basin
of Lake Huron collapsed in the late 1940s as a
result of the combined effects of overfishing and
mortality caused by the exotic sea lamprey Petro-
myzon marinus (Hile 1949; Berst and Spangler
1972). Lake trout rehabilitation began with tight-
ened regulation of the commercial fishery, control
of sea lamprey populations, and stocking of hatch-
ery-reared lake trout (Eshenroder et al. 1995). Sea
lamprey control was instituted for Lake Huron in
1960 (Smith and Tibbles 1980), commercial lake
trout fisheries were closed in Michigan waters in
1967 (Brege and Kevern 1978), and lake trout
stocking began in the northwestern part of the lake
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in 1972 (Eshenroder et al. 1995). Within Lake Hu-
ron, substantial commercial harvest of lake trout
still occurs in Ontario waters and, in accord with
agreements based on the 1836 Treaty of Washing-
ton, in northwestern Michigan waters. Sea lamprey
control has been only partially effective, and sea
lamprey-induced mortality is still an important
factor inhibiting lake trout rehabilitation (Eshen-
roder et al. 1995). Rehabilitation efforts continue
with sea lamprey control, limits on sport and com-
mercial fishing, and the stocking of hatchery-
reared fish. The rehabilitation goals of self-sus-
taining lake trout populations have not yet been
reached, however, as the vast majority of the lake
trout in Lake Huron are derived from hatchery
sources (Eshenroder et al. 1995).

Knowledge of changes in survival from stocking
to ages that contribute to harvest and spawning
stock is important (Ebener 1998), because nearly
all recruits are currently derived from hatchery
sources in Lake Huron (Eshenroder et al. 1995).
Also, stock assessment models, recently applied
for lake trout in Lake Huron and elsewhere (e.g.,
Sitar et al. 1999), assume that recruitment to ages
seen in fisheries and survey gears is proportional
to numbers stocked and therefore that juvenile sur-
vival is constant. However, Elrod et al. (1993),
Hansen et al. (1994), and Cornelius et al. (1995)
found that prerecruit survival of stocked lake trout
in Lake Ontario, Lake Superior, and Lake Erie de-
creased over time. Therefore, we questioned
whether similar changes had occurred in Lake Hu-
ron. Our goal was to determine whether prerecruit
survival (up to age 5) of the 1974–1992 year-clas-
ses of nearshore-stocked lake trout changed in the
Michigan waters of Lake Huron.

Methods

Data collection.—The study area included the
Michigan waters of Lake Huron, which are divided
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FIGURE 1.—Map of Lake Huron showing Michigan statistical districts (MH-1 to MH-6), assessment sites, and
the Six Fathom Bank stocking site.

into six statistical districts (Figure 1). Data were
collected during 1979–1997 at fixed index loca-
tions in four areas: Nine Mile Point (MH-1), Rock-
port–Nordmeer–South Point (MH-2), Au Sable
Point (MH-3), and Grindstone City (MH-4). These
sites were designated for monitoring lake trout
abundance and represent four of six statistical dis-
tricts in western Lake Huron. Nine Mile Point was
sampled every year during 1979–1997 except
1990. In MH-2, samples were taken at Rockport
during 1979–1988, the Nordmeer wreck during
1989–1992, South Point during 1993–1994, and
all three sites (Rockport, Nordmeer wreck, and
South Point) during 1995–1997. The Au Sable
Point and Grindstone City sites were sampled ev-
ery year during 1979–1997.

Fish were collected by using graded-mesh, mul-
tifilament-nylon gill nets fished between late April
and late June. Individual gill nets were hung on
the half, 1.8 m deep, with mesh sizes ranging from
51 to 152 mm (stretch-measure) in 12.7-mm in-
crements. A single box of gill nets contained nine
30.5-m panels, one panel of each mesh size, at-
tached in ascending order of stretch measure. At

all of the sites, multiple boxes were tied together
and set in series as a gang. The nets were set on
the bottom overnight across depth contours. For
each sample, length of net, duration of set, location
of the set, and date were recorded. For each lake
trout captured, total length (nearest mm), weight
(nearest 10 g), fin clips, sea lamprey wounds, sex,
maturity, age, and stomach contents were record-
ed. All stocked lake trout had been marked either
by removal of a year-class specific fin or by in-
jection with a coded-wire tag (CWT) before they
were stocked, so fish were aged based on year-
specific fin clips or by CWT number. All lake trout
stocked on Six Fathom Bank, an offshore reef (Fig-
ure 1), were injected with CWTs before stocking
and were identified by CWT numbers.

Data analysis.—We used lake trout catch per
effort (CPE) from spring assessment netting to in-
dex population density. The CPE of lake trout at
age 5 was expressed as the number of age-5 lake
trout per 305 m of net for each of the four districts.
Lake trout identified as having been stocked on
Six Fathom Bank were subtracted from the number
in the catch. They were excluded from the cal-
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culation because stocking of these lake trout began
in the last third of our time series (1985), relatively
few fish from this isolated offshore reef contrib-
uted to the catch at the nearshore-sampling loca-
tions (Michigan Department of Natural Resources,
unpublished data), and the extent of migration to
nearshore areas has not yet been estimated. We
calculated CPE by summing the catch of age-5 lake
trout over all the sets at each district each year and
dividing by the total effort at each district. For our
analysis of all Michigan districts combined, we
calculated CPE as the simple average of the four
statistical district CPEs. Because all stocked lake
trout are marked, the few unmarked fish were omit-
ted from all CPE calculations.

We calculated adjusted CPE (our survival index)
as CPE/(number stocked/500,000), where CPE
was the age-5 CPE, number stocked was the num-
ber of yearling-equivalent lake trout stocked of
that year-class, and 500,000 was the scaling factor.
Fall fingerling lake trout were converted into year-
ling equivalents by multiplying the sum of all fin-
gerlings stocked in an area by 0.4 (Elrod et al.
1988). For MH-1 and MH-2, we calculated each
district’s yearling equivalents as the sum of year-
ling-equivalent lake trout stocked at all sites within
MH-1 and within MH-2, respectively, each year.
Because the sampling locations in MH-3 and MH-
4 were relatively close to each other and to the
borders of the statistical districts, we calculated
the number of yearling-equivalent lake trout
stocked for MH-3 and MH-4 as the sum stocked
in statistical districts MH-3, MH-4, MH-5, and
MH-6 combined. This approach to handling stock-
ing data is also in accord with what is known about
how mortality components vary among areas in
the lake. Sitar et al. (1997) found sea lamprey
wounding patterns could best be explained by sep-
arating western Lake Huron into three areas: north-
ern (MH-1), central (MH-2), and southern (MH-
3, MH-4, and MH-5). Also, a large commercial
gill net fishery operates in MH-1, whereas the fish-
ery is limited in MH-2 and nonexistent in MH-3
and MH-4. For all Michigan districts combined,
we calculated the number of yearling-equivalent
lake trout stocked as the sum stocked in all Mich-
igan statistical districts. Our analysis treated the
numbers of fish stocked in each area as the number
that would contribute to recruitment at age 5, if
they survive.

Clearly, some fish move among these areas.
Hence, we tested the robustness of our conclusions
by performing an alternative analysis in which
substantial movement (reallocation) among areas

was assumed, and the results agreed qualitatively
with the analysis we report. This lack of sensitivity
to assumptions about movement stemmed from the
fact that the relative number stocked in different
regions did not change greatly over the year-clas-
ses used in our analysis.

In addition to examining plots of adjusted CPE
over time, we also tested (at P 5 0.05 level) for
linear and exponential time trends by linear re-
gression of adjusted CPE or loge(adjusted CPE)
versus time for each statistical district and for all
Michigan statistical districts combined. We found
qualitatively similar patterns when testing for lin-
ear and exponential trends, but models fit better
(less patterns in residuals) for the linear model, so
we report only the tests for linear trends. We rec-
ognize that actual time trends will not follow ex-
actly either a linear or exponential pattern; none-
theless, we use these tests as a way to objectively
identify long-term patterns.

Results

In the Michigan waters of Lake Huron, adjusted
CPE decreased for the 1974–1977 year-classes, in-
creased for the 1978–1982 year-classes, decreased
for the 1983–1986 year-classes, and increased for
the 1987–1992 year-classes (Figure 2). Adjusted
CPE showed different patterns over time for each
statistical district. In MH-1, adjusted CPE de-
creased over time for the 1975–1982 year-classes
and remained low for the 1983–1992 year-classes.
In MH-2, adjusted CPE decreased for the 1974–
1976 year-classes and remained low and variable
for the 1977–1992 year-classes. In MH-3, adjusted
CPE fluctuated without obvious pattern for the
1974–1985 year-classes and increased for the
1986–1992 year-classes. In MH-4, adjusted CPE
decreased for the 1974–1976 year-classes, re-
mained low for the 1977–1981 year-classes, and
increased in variability for the 1982–1992 year-
classes.

Adjusted CPE declined significantly in MH-1 (t
5 24.90; df 5 15; P 5 0.0002). Trends were not
significant for MH-2 (t 521.84; df 5 16; P 5
0.084), MH-3 (t 5 1.23; df 5 17; P 5 0.235), MH-
4 (t 5 1.94; df 5 17; P 5 0.069), or all Michigan
statistical districts combined (t 5 0.30; df 5 17;
P 5 0.766).

Discussion

We interpret our results as showing that juvenile
survival decreased over time in MH-1 but did not
change significantly over time in MH-2, MH-3, or
MH-4 or in all Michigan districts combined. The
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FIGURE 2.—Survival of juvenile stocked lake trout in
all Michigan districts combined and in four separate sta-
tistical districts of Michigan waters of Lake Huron in-
dexed by age-5 catch-per-effort divided by the number
of each year-class stocked during 1974–1992.

trend in MH-1 was similar to those seen in Lake
Ontario (Elrod et al. 1993) and Lake Superior
(Hansen et al. 1996). Elrod et al. (1993) suggested
that the decline in survival of stocked lake trout
in Lake Ontario could be the result of predation
by adult lake trout. Hansen et al. (1996) attributed
the decline in survival of juvenile lake trout in
Lake Superior to commercial gill-net fishing and
predation by adult wild lake trout. In northwestern
Lake Huron, predation by adult lake trout should

not be increasing, because the abundance of adult
lake trout in MH-1 followed the same decreasing
trend as juvenile survival (Eshenroder et al. 1995),
and no evidence of an increasing rate of canni-
balism was seen (Michigan Department of Natural
Resources, unpublished data). Gill-net fishing ef-
fort in MH-1 also did not show an increasing trend
(Michigan Department of Natural Resources, un-
published data), so the decrease in juvenile sur-
vival was probably not the result of gill-net fishing
mortality. In contrast, sea lamprey abundance in
MH-1 increased since the early 1980s (Young et
al. 1996), and increasing predation by sea lam-
preys is the most likely cause of decreasing ju-
venile survival. The St. Marys River, which flows
into northwestern Lake Huron (Figure 1), is be-
lieved to be the spawning area primarily respon-
sible for the increase in sea lamprey abundance
(Young et al. 1996). Sea lampreys generally prefer
large prey, if they are available (Swink 1991; Sitar
et al. 1997). Northwestern Lake Huron has few
large lake trout (Sitar et al. 1997), which provides
little choice for sea lampreys. The mortality from
a single sea lamprey attack for a 469–557-mm-
long lake trout (age 4–6 in MH-1) is approximately
64% (Swink 1990). Because these juvenile lake
trout represent the largest fish in the northwestern
Lake Huron, they should be heavily selected by
sea lamprey. In contrast, we think sea lamprey
predation is less likely to affect juvenile lake trout
survival in west-central and southwestern Lake
Huron as in northwestern Lake Huron. Juvenile
lake trout in west-central and southwestern Lake
Huron are buffered from sea lamprey predation in
these areas by the presence of larger adult lake
trout, and sea lamprey abundance appears to be
lower in these areas (Sitar et al. 1997). Thus sea
lamprey–induced mortality is likely to be a less
significant mortality factor in those areas for ju-
venile lake trout.

Although no significant trends appeared in MH-
2, MH-3, MH-4, or all Michigan districts com-
bined over the whole period, starting with the 1985
and 1986 year-classes the adjusted CPE appeared
to be increasing in statistical districts MH-2, MH-
3, and MH-4 (Figure 2). The increase in adjusted
CPE in these districts and in all Michigan districts
combined in 1985 and 1986 coincides with the use
of the U.S. Fish and Wildlife Service research ves-
sel Togue to stock fish offshore. Elrod (1997)
showed that offshore stocking increased juvenile
lake trout survival in Lake Ontario. Some lake
trout have been stocked offshore in Lake Huron
since 1972, and since 1985, lake trout have been



217MANAGEMENT BRIEFS

released on the bottom, rather than at the surface,
at offshore sites by using a pump and tube. Sur-
vival in Lake Huron appeared to increase starting
with the 1985 and 1986 year-classes, the first year-
classes stocked at offshore sites on the bottom.
Release of fish on the bottom at offshore sites may
have reduced the mortality from predation shortly
after stocking. Nearshore predators, such as wall-
eyes Stizostedion vitreum and double-crested cor-
morants Phalacrocorax auritus, should have rel-
atively little effect on lake trout released offshore.
Lake Huron also has few wild lake trout to prey
on stocked lake trout, in contrast with some areas
of Lake Superior (Hansen et al. 1996).

Our analysis showed that stock assessment
methods assuming constant juvenile survival may
not be appropriate for Lake Huron. In MH-1, the
assumption of constant survival would not be val-
id, because the survival of juvenile lake trout de-
creased over time. However, this problem may not
be as bad as thought at first glance, because most
of the decrease occurred before 1984 and pub-
lished assessments of lake trout stock use only data
from 1984 to the present (Sitar et al. 1999). Also,
the model of Sitar et al. (1999) explicitly accounts
for sea lamprey–induced mortality. We believe the
real problem with assuming constant juvenile sur-
vival lies in the amount of variability in survival
over time. Adjusted CPE varied more than 30-fold
in MH-2 and MH-4 and more than eightfold in
MH-1 and MH-3 during 1974–1992. Because all
of our time series of adjusted CPE were highly
variable, and because time series of adjusted CPE
for age-4 and age-6 lake trout showed relative
year-class strengths similar to that for age-5 ad-
justed CPE (Michigan Department of Natural Re-
sources, unpublished data), we believe that sur-
vival of juvenile lake trout in Lake Huron was also
variable during 1974–1992. This variability in ju-
venile survival would cause less accurate esti-
mation of parameters for models that assume con-
stant juvenile survival, especially in MH-4, where
most of the variability comes at the end of the time
series. The problem is not as large for MH-1 and
MH-2, because most of the variability in survival
is at the beginning of the time series, before 1984.
We advocate the use of stock assessment methods
that incorporate variable juvenile survival to mod-
el Lake Huron lake trout populations. In part be-
cause of our results, the Technical Fisheries Com-
mittee, charged with lake trout assessments in wa-
ters ceded under the 1836 Treaty of Washington
in lakes Huron, Michigan, and Superior, has adopt-
ed such methods.

Because the mortality of juvenile lake trout did
not increase significantly in most of western Lake
Huron, apparently stocking hatchery-reared lake
trout is still a viable management option for build-
ing and maintaining an adult lake trout stock in
Lake Huron, a necessary condition for lake trout
rehabilitation. However, even with apparent in-
creases in survival since the 1985 year-class, sur-
vival by the end of the time series was not greater
than during the beginning of the time series, except
in MH-4.

Acknowledgments

We thank past and present crew members of the
R/V Chinook. Stocking data from the Great Lakes
Stocking Database, maintained by the U.S. Fish
and Wildlife Service, were provided by Mark Hol-
ey. The Lake Huron Technical Committee, partic-
ularly Mark Ebener, provided ideas and comments
related to this research. Aaron Woldt provided the
map of Lake Huron statistical districts and as-
sessment sites as well as other information. We
thank Michael Hansen, Mark Ebener, and two
anonymous reviewers for comments and sugges-
tions that improved this manuscript. This work was
funded, in part, by Fisheries Division, Michigan
Department of Natural Resources and the U.S. Fish
and Wildlife Service Federal Aid in Sportfish Res-
toration Project F-80-R-3 (Michigan).

References

Berst, A. H., and G. R. Spangler. 1972. Lake Huron:
effects of exploitation, introductions and eutrophi-
cation on the salmonid community. Journal of the
Fisheries Research Board of Canada 29:877–887.

Brege, D. A., and N. R. Kevern. 1978. Michigan com-
mercial fishing regulations: a summary of public
acts and conservation commission orders, 1865
through 1975. Michigan Sea Grant Program, Ref-
erence Report, Ann Arbor.

Cornelius, F. C., K. M. Muth, and R. Kenyon. 1995.
Lake trout rehabilitation in Lake Erie: a case his-
tory. Journal of Great Lakes Research 21(Supple-
ment 1):65–82.

Ebener, M. P., editor. 1998. A lake trout rehabilitation
guide for Lake Huron. Great Lakes Fishery Com-
mission, Ann Arbor, Michigan.

Elrod, J. H. 1997. Survival of hatchery-reared lake trout
stocked near shore and off shore in Lake Ontario.
North American Journal of Fisheries Management
17:779–783.

Elrod, J. H., D. E. Ostergaard, and C. P. Schneider. 1988.
Comparison of hatchery-reared lake trout stocked
as fall fingerlings and as spring yearlings in Lake
Ontario. North American Journal of Fisheries Man-
agement 8:455–462.

Elrod, J. H., C. P. Schneider, and D. E. Ostergaard. 1993.



218 WILBERG ET AL.

Survival of lake trout stocked in U.S. waters of Lake
Ontario. North American Journal of Fisheries Man-
agement 13:775–781.

Eshenroder, R. L., N. R. Payne, J. E. Johnson, C. Bowen
II, and M. P. Ebener. 1995. Lake trout rehabilitation
in Lake Huron. Journal of Great Lakes Research
21(Supplement 1):108–127.

Hansen, M. J., M. P. Ebener, R. G. Schorfhaar, S. T.
Schram, D. R. Schreiner, and J. H. Selgeby. 1994.
Declining survival of lake trout stocked during
1963–1986 in U.S. waters of Lake Superior. North
American Journal of Fisheries Management 14:
395–402.

Hansen, M. J., M. P. Ebener, R. G. Schorfhaar, S. T.
Schram, D. R. Schreiner, J. H. Selgeby, and W. W.
Taylor. 1996. Causes of declining survival of lake
trout stocked in U.S. waters of Lake Superior in
1963–1986. Transactions of the American Fisheries
Society 125:831–843.

Hile, R. 1949. Trends in the lake trout fishery of Lake
Huron through 1946. Transactions of the American
Fisheries Society 76:121–147.

Sitar, S. P., J. R. Bence, J. E. Johnson, M. P. Ebener, and
W. W. Taylor. 1999. Lake trout mortality and abun-
dance in southern Lake Huron. North American
Journal of Fisheries Management 19:881–900.

Sitar, S. P., J. R. Bence, J. E. Johnson, and W. W. Taylor.
1997. Sea lamprey wounding rates on lake trout in
Lake Huron, 1984–1994. Michigan Academician
29:21–37.

Smith, B. R., and J. J. Tibbles. 1980. Sea lamprey (Pe-
tromyzon marinus) in lakes Huron, Michigan, and
Superior: history of invasion and control, 1936–
1978. Canadian Journal of Fisheries and Aquatic
Sciences 37:1780–1801.

Smith, S. H. 1972. Factors of ecologic succession in
oligotrophic fish communities of the Laurentian
Great Lakes. Journal of the Fisheries Research
Board of Canada 29:717–730.

Swink, W. D. 1990. Effect of lake trout size on survival
after a single sea lamprey attack. Transactions of
the American Fisheries Society 119:996–1002.

Swink, W. D. 1991. Host-size selection by parasitic sea
lampreys. Transactions of the American Fisheries
Society 120:637–643.

Young, R. J., G. C. Christie, R. B. McDonald, D. W.
Cuddy, T. J. Morse, and N. R. Payne. 1996. Effects
of habitat change in the St. Marys River and north-
ern Lake Huron on sea lamprey (Petromyzon mar-
inus) populations. Canadian Journal of Fisheries and
Aquatic Sciences 53(Supplement 1):99–104.


