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Abstract.--Lake Superior’s fish community has undergone dramatic changes since the
mid-1950’s, with major shifts in the forage base, invasion of exotics, and the decline of
lake trout. Predator species have been introduced, and many of the predator stocks are
maintained by stocking. The impact of these stocked fish on the forage base, and the
ability of the forage base to sustain projected stocking levels are unknown. The most
current information on fish populations in Lake Superior has been collected by biologists
in three states, several tribes, the province of Ontario, and the U. S. Fish and Wildlife
Service. Much of the information, however, is unpublished or in publications with
limited distribution. Bioenergetics modeling can use basic population data for answering
research and management questions about predator-prey dynamics, stocking quotas, and
forage requirements. The objectives of this study were: 1) to compile data on the major
salmonines in Minnesota waters of Lake Superior, as input for a bioenergetics model; 2)
to estimate salmonine predation on prey populations in Minnesota waters through
modeling simulations; 3) to conduct sensitivity analyses of the bioenergetics model; and
4) to prioritize data requirements for input to the bioenergetics model. Estimates of
consumption by predator stocks in 1989 totaled 2,814 metric tonnes of rainbow smelt and
249 metric tonnes of coregonines, which greatly exceeded biomass plus production
estimates of forage species (about 100 metric tonnes of rainbow smelt and 85 metric
tonnes of coregonines). Discrepancies could be due to underestimates of forage fish
biomass or inaccuracies in data on predators. Predator consumption estimates in the
bioenergetics simulations were most influenced by values used for predator population
abundance, weights, diets, and prey caloric densities. Further data acquisition should
focus on the forage base biomass and production, predator age and growth, periodic diet

monitoring, predator population abundances, and mortality rates.

Introduction

Lake Superior’s fish populations are sup-
plemented by extensive salmonine stocking,
but quantitative information about existing
stocks and community interactions is incom-
plete and difficult to obtain. Traditional
management strategies, aimed at one species
or game species only, were inadequate in
this dynamic ecosystem. Efforts focused on
rehabilitating fish stocks when populations
showed signs of distress, emphasizing the
trial-and-error nature of fisheries science at
that time. The increased stocking desired by
anglers sometimes conflicted with managing
toward a renewable and stable fish commun-
ity (Spangler et al. 1987). Christie et al.
(1987) and Spangler et al. (1987) recom-
mended a community analysis to predict the
effects of management actions on the species
assemblages. Management strategies are
now focusing on this community approach,
so that healthy fish communities can be

maintained without the high level of risk
previously encountered.

Bioenergetics modeling is a powerful
tool for answering questions about preda-
tor-prey dynamics, stocking quotas, and the
forage requirements of predators (Christie et
al. 1987; Hewett and Johnson 1987). Bio-
energetics modeling uses fish physiology,
temperature, growth (weight at age), diet
composition, prey caloric content, and popu-
lation abundance data to estimate food con-
sumption (Kitchell 1983; Hewett and John-
son 1987). Sensitivity analysis (Kitchell
1983) can be used to evaluate existing data,
and identify and prioritize future data needs.
Variation in number and strain of stocked
salmonines, and the unknown extent of
natural reproduction has made standing stock
estimation difficult in Lake Superior. How-
ever, estimating the forage requirements of
Minnesota-stocked fish is a manageable
goal. Results can be used to adjust stocking



quotas and harvest regulations to ensure a
stable fishery.

A review of the recent history of the fish
community in Lake Superior emphasizes
many changes and interactions.. The fish
community has undergone dramatic changes
since the mid-1950’s beginning with the
invasion of the sea lamprey Petromyzon
marinus, and the decline of lake trout Salve-
{inus namaycush and lake herring Coregonus
artedii. Rainbow smelt Osmerus mordax,
which invaded in the mid-1950’s and
boomed in the 1960’s, replaced declining
lake herring as the principal lake trout for-
age (MacCallum and Selgeby 1987; Busiahn
1990; Hansen 1990). Subsequent lake reha-
bilitation programs included harvest restric-
tions on lake herring and lake trout, sea
lamprey control, and lake trout stocking
(Lawrie and MacCallum 1980; Walters et al.
1980; Busiahn 1990). Rainbow smelt stocks
have fluctuated and are now in a severe
decline lake-wide, while lake herring are
making a strong comeback (Schreiner and
Morse 1990). The primary method of har-
vest has shifted from the traditional commer-
cial fishery which targeted native lake trout
and lake herring, to an economically impor-
tant recreational fishery targeting lake trout
and introduced salmonines.

Lake Superior has lower productivity
than the other Great Lakes, so the sustain-

able yields of predator and prey fish are

lower, and the likelihood of over-harvesting
or over-stocking is greater. In spite of this
risk, stocking quotas have been determined
by historical production levels and hatchery
capacities rather than by an understanding of
community dynamics. Lake trout, chinook
salmon Oncorkynchus tshawytscha, steelhead
and Kamloops strain rainbow trout 0. my-
kiss, and Atlantic salmon Salmo salar have
been stocked in Minnesota waters in recent
years. While predator stocks have in-
creased, the structure of the forage base has
changed greatly, and predator-prey interac-
tions are poorly understood (Busiahn 1990).

Lake trout growth has decreased in
many areas of the lake during the past 15
years, probably because of changes in the
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forage base (Hansen 1990). The small size
and inshore distribution of rainbow smelt
may make them of lower value than lake
herring as forage for lake trout (Jacobson et
al. 1987). Lake herring were historically a
preferred lake trout forage, with pelagic
lake-wide distribution. Since the resurgence
of lake herring populations, however, lake
trout have shown a reluctance to return to
lake herring as a forage base (Hansen 1990).
Fish population information from Lake
Superior has been collected by biologists in
three states, several tribes, the province of
Ontario, and the U. S. Fish and Wildlife
Service. Because of agency differences,
data sets are sometimes inconsistent and
difficult to compare. Lakewide impacts
from different management strategies are
difficult to evaluate because the effects are
cumulative and stocks are poorly defined.
Rapid assessment methods and prioritizing
data acquisition are paramount, given the
size and complexity of Lake Superior.
Objectives of this study were: 1) to
compile available data on lake trout, coho
salmon Oncorhynchus kisutch, chinook
salmon, steelhead and Kamloops strains of
rainbow trout, Atlantic salmon, and forage
species in the Minnesota waters of Lake
Superior for input into a bioenergetics mod-
el; 2) to estimate salmonine predation on
prey populations through modeling simula-
tions; 3) to conduct sensitivity analyses of
the bioenergetics model; and 4) to identify
and prioritize data needs for increased accu-
racy in bioenergetics model simulations.

Study Area

The Minnesota waters of Lake Superior
encompass 572,900 hectares, which have
been divided into three management zones
(Figure 1). The Minnesota shoreline is
rocky and steep, and extends 304 km be-
tween Duluth and the Canadian border.
Eighty-seven percent of the surface area
represents water with depth greater than 73
m, and thermal stratification occurs in late
July, when maximum surface temperatures
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Figure 1.--Lake Superior management zones. Management zones in Minnesota waters
include MN-1, MN-2, and MN-3 (Lake Superior Lake Trout Technical Committee 1986).



range from 12.6°C to 16.8°C (Close et al.
1984).

Most of Minnesota’s North Shore
streams are inaccessible for spawning by
anadromous species due to barrier falls and
gravel bars at the stream mouths. Stream
productivities are low, resulting from unpro-
ductive soils, rocky terrain, erratic flows,
and winter ice scouring (Close et al. 1984).
Lake Superior productivity is also low for
similar reasons, in addition to low tempera-
tures.

Minnesota waters of Lake Superior
support a commercial fishery for rainbow
smelt, lake herring, and chub (bloaters
Coregonus hoyi and some kiyi C. kiyi). The
sport fishery includes (in decreasing order of
harvest) lake trout, coho salmon, chinook
salmon, rainbow trout, and Atlantic salmon.
Brown trout Salmo trutta and Siscowet trout
Salvelinus namaycush siscowet are taken
occasionally, and pink salmon Oncorhynchus
gorbuscha and brook trout Salvelinus fonti-
nalis are rarely caught (Morse 1989). Lake
trout, chinook salmon, Kamloops strain
rainbow trout, and Atlantic salmon popula-
tions are maintained primarily by stocking,
although native (naturally reproducing) lake
trout are becoming more abundant. Natural-
ized coho salmon migrate from spawning
streams in Wisconsin and Michigan to feed
in Minnesota waters.

Literature Review and Data Compilation

A literature search was conducted to
gather life history information and data
required for bioenergetics modeling of the
primary fish species in Minnesota waters of
Lake Superior. Target species were lake
trout, chinook salmon, coho salmon, steel-
head and Kamloops strain rainbow trout,
Atlantic salmon, sea lamprey, and forage
species. The bibliography in Hewett and
Johnson (1987), and the literature file main-
tained in the Minnesota Department of Natu-
ral Resources (MNDNR) Fisheries Research
office in Duluth were preliminary informa-
tion sources.
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Additional information was gathered
through meetings with biologists from vari-
ous resource agencies, including MNDNR,
University of Minnesota, University of
Wisconsin Sea Grant Program, Great Lakes
Indian Fish and Wildlife Commission, Mich-
igan Department of Natural Resources, State
University of New York, and the U. S. Fish
and Wildlife Service: National Fisheries
Research Center - Great Lakes in Ashland,
Wisconsin. Much of the current data on
these species has not yet been published in
peer-reviewed journals, so acquisition of file
data, and references to in-house publications
were essential. Much of this information is
tabulated in Appendices of this report.

The most current data from fish occu-
pying Minnesota waters of Lake Superior
were compiled whenever possible. Data
from fish in other parts of Lake Superior
were used when Minnesota data were un-
available, and data from other waters were
compiled when Lake Superior data were
unavailable. Throughout this study, natural-
ly reproduced lake trout and coho salmon
were called native lake trout and naturalized
coho salmon. Steelhead are the naturalized
anadromous rainbow trout which were intro-
duced into Lake Superior in 1895 (Mac-
Crimmon 1971), and some steelhead are
stripped at the French River Hatchery and
stocked as fry into North Shore streams.
Kamloops strain rainbow trout are an anad-
romous hatchery strain currently being
stocked as yearlings. Because steelhead and
Kamloops strains are stocked at different
sizes, are managed separately, and were
modeled separately, they are distinguished as
separate groups in this study. The two
strains will hereafter be referred to as sim-
ply "steelhead” and "Kamloops."

Lake trout

Temperature.--Lake trout occupy a range
of temperatures, depending on genetic strain
(Elrod and Schneider 1987), life stage,
season, and geographic location (Coutant
1977; Martin and Olver 1980; Wismer and
Christie 1987; Table A2). Temperatures



occupied in nature are often colder than the
preferred temperatures determined in a
laboratory (McCauley and Tait 1970; Elrod
and Schneider 1987). Adult temperature
preferences in Lake Superior are unknown,
but Kitchell and Breck (1980) used 12°C as
the maximum summer temperature, and
Stewart (1980) used 10°C as the maximum
summer temperature for lake trout in bio-
energetics modeling of Lake Michigan.

Temperatures available to salmonines in
this study were estimated from temperatures
of Lake Superior water entering the French
River Hatchery through an intake pipe locat-
ed at a depth of 18.3 m (Table Al). Some
variation in available summer temperatures
was assumed, and the maximum summer
temperature used in lake trout modeling was
10°C (Table A7). Winter temperatures
dropped to 1.1°C. Stocked lake trout were
assumed to occupy the same temperatures as
native lake trout.

Age and Growth.--Lake trout are stocked
into Lake Superior as fall fingerlings (about
8 g) or spring yearlings (about 30 g), and
adults greater than age 15 are rarely seen.
Weights at each age are needed for bioener-
getics modeling, but often only lengths were
reported in the literature. Length-weight
relationships were calculated from available
data, or obtained from other sources, for use
when weights were not reported (Table B2;
Figure B1).

Growth rates of lake trout varied con-
siderably between Lake Huron (Fry 1953),
Lake Michigan (VanOosten and Eschmeyer
1956; Stewart 1980), and Lake Superior
(Dryer and King 1968; Martin and Olver
1980; Schreiner et al. 1989). Growth rates
also varied historically in Lake Superior
(Rahrer 1967; Dryer and King 1968; Hansen
1990). Variation was correlated with chang-
es in the forage base, changes in lake trout
strain as native stocks were eliminated and
hatchery strains were introduced, and gear
bias (Dryer and King 1968; Schreiner et al.
1989; Table B1).

Size at age was obtained for Minnesota
stocked lake trout which had fin clips indi-
cating year-class (Table B1). Data were

collected by commercial fishermen and
MNDNR personnel using large mesh gill
nets (11.4 - 14.0 cm stretch mesh) in May
and September, and by MNDNR personnel
using small mesh gill nets (3.8 - 6.4 cm
stretch mesh) in July and August. Individu-
al weights were available for fish captured
in small mesh nets, and weights were esti-
mated for large fish using length-weight
relationships (Table B2). The 1989 length-
weight relationship of stocked lake trout in
Minnesota was essentially the same as the
length-weight relationship developed for lake
trout in all of Lake Superior (Figure B1).
Weights used in simulations (Table B7)
approximated the weight at age of Minnesota
fish (Table B1).

Native and stocked lake trout were
modeled separately because the younger fish
appear to grow at different rates. Size at
age determinations for Minnesota’s native
lake trout were unavailable, but young na-
tive lake trout tended to be smaller than
stocked fish in zone MI-3 (National Fisher-
ies Research Center, Ashland, unpublished;
Table B1). An extensive but unanalyzed set
of native lake trout scales is housed at the
Lake Superior Area office of the MNDNR.
The maximum weight attained in simulations
of stocked and native lake trout was 4,200
g.

Diet.--Lake trout diet varies with season,
life stage, and geographic location (Martin
and Olver 1980), but the primary diet item
in Minnesota waters of Lake Superior is
rainbow smelt (Table C1). Historical chang-
es in diet are well documented in the Great
Lakes as the forage base has changed (Law-
rie 1978; Hansen 1990). Diet of lake trout
was compiled into five categories for model-
ing purposes: rainbow smelt; coregonines
(primarily lake herring, with some chubs);
insects; crustaceans (primarily opossum
shrimp Mysis relicta); and other small salm-
onines (Table C1). The most recent diet
information from gill net assessments in
1990 suggests that consumption of lake
herring by lake trout may be increasing (D.
Schreiner and S. Morse, MNDNR, personal
communication).



Caloric densities (calories/g wet weight)
of diet items were not widely reported. The
caloric value for bloaters in Rottiers and
Tucker (1982) was used for coregonines
(Table C3) because no value for lake herring
could be found. Caloric density for opos-
sum shrimp could not be found, so a value
for Amphipoda (also subclass Malacostraca,
but a different order) was used (Cummins
and Wuycheck 1971). The caloric density
used for small salmonines was an intermedi-
ate value from those reported by Stewart et
al. (1983). The fraction of indigestible
material in the prey items was taken from
the sample data file supplied with the bio-
energetics model: fish and crustaceans =
0.033; and insects = 0.100 (Hewett and
Johnson 1987).

Mortality.--Stocking records of fall
fingerlings and spring yearlings provided
initial population estimates for stocked lake
trout (Table D1). A mean of 335,547 lake
trout (fingerlings and yearlings) were
stocked annually from 1975 to 1989. The
relative catch rate of stocked versus native
lake trout of all ages captured in gill nets
allowed an estimate of native lake trout
abundance (D. Schreiner, MNDNR, person-
al communication; Table D2). The age O
native lake trout population size was calcu-
lated assuming an 89.8% mortality rate for
age 0 lake trout (Ebener et al. 1990).

All lake trout mortality estimates in table
D3 are a combination of fishing mortality
and natural mortality (including mortality
from sea lamprey). Mortality rates for age
0 to age 6 lake trout in Minnesota waters
were assumed to be the same as those re-
ported for Wisconsin management zone WI-
2 (Ebener et al. 1990; Table D3). Mortality
rates for lake trout > age 7 were means
from recent estimates calculated by Schrei-
ner et al. (1988, 1989, 1990) using data
from large mesh gill nets (Table D3).

Spawning.--Lake trout in Minnesota
waters of Lake Superior reach maturity at
ages 6 to 7 (males), or age 8 (females)
(Schreiner et al. 1990). For modeling pur-
poses, first spawning was assumed to occur
in late October at age 7. ‘
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The bioenergetics model assumes that
weight loss due to spawning is a fixed pro-
portion of the body weight, and this weight
is subtracted on a particular day of the year
for all cohorts older than the first spawning
cohort. The model assumes that this propor-
tional weight loss is the same for all mature
cohorts, and that all individuals spawn
(Hewett and Johnson 1987). I used 6.8% as
the average spawning weight loss, which is
a value calculated from Lake Michigan lake
trout (Stewart et al. 1983).

Chinook salmon

Temperature.--Literature sources for the
temperature preference of chinook salmon in
Lake Superior were not found. Chinook
salmon preferred temperatures of 6°C to
17.3°C in other waters (Table A3), but in
Lake Superior they appear to occupy tem-
peratures similar to lake trout, with an annu-
al mean approximating 5.5°C (C. Bronte,
National Fisheries Research Center, personal
communication).  Temperatures used in
simulations were similar to those for lake
trout, ranging from 1.1°C to 10.0°C (Table
AT).

Age and Growth.--Chinook salmon fry
and fingerlings are stocked into North Shore
streams in the spring. These fish migrate to
the lake very soon after stocking (Close et
al. 1989). A weight of 5 g was used for all
chinook salmon smolts, regardless of prior
stocking size.

Weights at each age are needed for
bioenergetics modeling, but often only
lengths were reported in the literature.
Length-weight relationships were calculated
from available data, or obtained from other
sources, for use when weights were not
reported.  Sizes of chinook salmon and
length-weight relationships varied greatly
between Lake Superior and other lakes
(MNDNR, file data; Stewart et al. 1981;
Halseth et al. 1990). However, the length-
weight relationships of chinook salmon
within Lake Superior appeared to be similar
(Figure B2).



A collection of chinook salmon scales is
housed at the Duluth Area Fisheries office
of the MNDNR, but little analysis had been
completed prior to this study. Mean lengths
at age of spawners, and back-calculated
lengths at age were available from a few
Minnesota fish (Table B3). Scales from
spawning chinook salmon, however, are
poorly suited for back-calculation because of
considerable erosion and resorption of the
scale margin.

Spawning chinook salmon which re-
turned to the French River trap from 1986
to 1989 had a mean length of 836 mm, and
mean weight of 6,548 g, and all fish were
assumed to be age 4 (D. Schliep, MDNR,
personal communication), although they
ranged from age 3 to age 5. Lengths,
weights, and ages of creeled chinook salmon
were available for Michigan waters of Lake
Superior (Michigan Department of Natural
Resources, Marquette Fisheries Station,
unpublished data; Table B3). Weight values
from the various sources varied (Table B3),
but intermediate values were selected for use
in bioenergetics simulations (Table B7).
The maximum weight attained in simulations
was 7,000 g.

Diet.--Diet of chinook salmon varied
among Minnesota’s Lake Superior manage-
ment zones (Conner 1991), but the food
habits within Minnesota waters as a whole
were used in simulations of all life stages of
chinook salmon. Data for fish less than 130
g were unavailable. Diet was grouped into
the same five categories as for lake trout
(Table C2), and the same caloric densities
were used (Table C3).

Mortaliry.--Stocking records of fry and
fingerling chinook salmon planted in North
Shore streams in the spring provided initial
population estimates (Table D1). A mean of
464,316 chinook salmon fingerlings were
stocked annually from 1986 to 1989; fry
stocking was discontinued after 1987. Chi-
nook salmon return to their stocking streams
as adults to spawn and die. The number of
adults returning to spawn in the French
River is known, but all fish were assumed to
be age 4 (D. Schliep, MDNR; personal

communication), precluding the calculation
of total mortality for each year-class. Annu-
al mortality rates have also not been calcu-
lated for Minnesota chinook salmon.

Simulations of Minnesota chinook sal-
mon (Table D3) used mortality rates similar
to those of Lake Michigan chinook salmon
(Stewart et al. 1981), but mortality rates of
young-of-the-year (YOY) were increased to
account for a lower availability of food, and
lifespan was increased because of the higher
spawning age. Simulations of chinook
salmon included 5 year-classes (age 0 to age
4), and assumed increased mortality at age
3 and older to account for spawning (Table
D3).

Spawning.--Chinook salmon enter Minn-
esota’s North Shore streams to spawn in late
October. Most spawn at age 4, but some
age 3, and fewer age 5 also spawn (Negus et
al. 1990). Recent scale readings indicate
that more age 5 spawners return to the
French River than previously believed (D.
Schliep, MDNR, personal communication),
so future simulations should include age 5.

Coho salmon

Temperature.--Literature references for
coho salmon temperature preference in Lake
Superior were not found. Sources (Table
A4) suggested that coho salmon prefer war-
mer temperatures than lake trout or chinook
salmon, and coho salmon in Lake Superior
are reported to inhabit water closer to the
surface than other salmonines (J. Selgeby,
National Fisheries Research Center, personal
communication). Winter temperatures in
Minnesota waters of Lake Superior are fairly
uniform, but summer surface temperatures
may reach 12°C to 16.8°C (Close et al.
1984). The winter temperature regime for
coho salmon simulations was the same as for
lake trout and chinook salmon (dropping to
1.1°C), but summer temperatures were
warmer (up to 14.0°C) than for other salmo-
nines (Table A7).

Age and Growrh.--Coho salmon are not
currently stocked in Minnesota waters, but
juveniles (age 1) and adults migrate to Min-



nesota waters to feed. Hassinger (1974)
reported a mean length of 318 mm during
their first summer in the lake, and a mean
length of 528 mm during their second sum-
mer, for coho salmon originally stocked as
yearlings. Some scales have been collected
from creeled coho salmon in Minnesota, but
age and growth determinations have not
been completed in recent years. The most
comprehensive growth data found was from
Michigan waters of Lake Superior (Table
B4), and these compared well with Has-
singer’s (1974) data. The length-weight
relationships for coho salmon in Minnesota
and Michigan waters were similar (Figure
B3), based on creeled fish. A smolt weight
of 32 g (Becker 1983), and weights from
Michigan fish (Table B4) were used in coho
salmon simulations (Table B7). The maxi-
mum weight attained in simulations was
1,362 g, which is equal to the weight of
Michigan coho salmon in November.

Diet.--Coho salmon diet varied by man-
agement zone (Conner 1991), but data from
Minnesota waters as a whole were used in
simulations of all life stages of coho salmon.
Data for coho salmon less than 160 g were
unavailable. The diet was divided into the
same five categories with the same caloric
densities as that of lake trout (Tables C2 and
C3).

Mortality.--Coho salmon smolt in spring
as yearlings, and some migrate to Minnesota
waters to feed. After about 17 months in
the lake, they migrate back to their natal
streams to spawn and die. The mean annual
harvest of coho salmon in Minnesota’s sport
fishery from 1984-1988 was 4,077 (Hansen
1990). The harvests in 1983 and 1989 were
higher, so the overall mean harvest is ap-
proximately 5,000 (Morse 1990). Based on
a light exploitation rate (approximately
10%), the total population of catchable size
(age 2) coho salmon in Minnesota waters of
Lake Superior was estimated at 50,000 fish.
Population abundances used in coho salmon
simulations are given in Table D2, and a
50% annual mortality rate was estimated
(Table D3).
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Spawning .--Coho salmon are presently
stocked only in Michigan waters of Lake
Superior, but they reproduce naturally in
other parts of Lake Superior and stray exten-
sively (Hansen 1990). Coho salmon enter
tributaries to spawn from September to
March of their second year of lake life, but
most spawn in October (Hansen 1990).
Little spawning occurs in Minnesota
streams. Simulations in this study ended on
1 November of the second lake year, corres-
ponding with their migration away from
Minnesota waters.

Steelhead

Temperature.--Reported temperature
preferences for rainbow trout ranged from
5°C to 20°C depending on life stage and
location (Table AS5), but most temperatures
were higher than those reported for lake
trout and chinook salmon. Summer tem-
peratures used in simulations reached a high
of 13.0°C, and were intermediate between
those of chinook salmon and coho salmon,;
winter temperatures were the same for all
species modeled, dropping to 1.1°C in
March (Table A7).

Age and Growth.--Steelhead are stocked
as unfed swim-up fry in Minnesota’s North
Shore streams. Some age O parr are appar-
ently displaced into Lake Superior during
spates (MDNR, unpublished data). Age 2
and age 3 steelhead were captured in the
French River smolt trap in spring 1990;
these fish were most likely smolts, but some
parr marks were still visible. Juveniles
moving downstream were therefore termed
"emigrants," with no distinctions implied
regarding smoltification. The allocation of
stocked fish into each life history category
for modeling is explained in Table D3.

Size at age of steelhead depends on the
number of years spent in a stream and the
number of years spent in the lake. Ages
were reported in "stream years/lake years"
format, which is more informative than total
age. Aging and back-calculation of scales
from spawning, creeled, and smolting steel-
head is in progress at the Duluth Area Fish-



eries office of the MDNR, and the complet-
ed portion of this information was used in
this study (Table B5). These recent data
indicate some size differences from those
reported by Hassinger et al. (1974). Back-
calcu