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ABSTRACT. The siscowet Salvelinus namaycush is a deepwater morphotype of lake trout in Lake
Superior. As part of a standardized lake-wide survey in 2006 to assess siscowet populations, bottom-set,
multi-mesh gill nets were fished at 36.6 m depth intervals from near shore areas to the deepest waters in
south-central Lake Superior. Siscowet length distributions, diet compositions, and sea lamprey wounding
rates were compared for three depth zones: shallow (< 200 m), deep (200–394 m), and deepest (395–399
m). There were 39 siscowets collected in proximity to Lake Superior’s greatest recorded depth of 405 m.
To our knowledge, this is the greatest depth that fish have been collected in the Great Lakes. Higher pro-
portions of siscowets ≤ 500 mm were caught in the shallow zone compared to deeper zones. Deepwater
sculpins were the dominant prey for small siscowets (< 600 mm) across all depth zones. The diet of large
siscowets (≥ 600 mm) among all depth zones comprised mostly of coregonines and burbot Lota lota. Ter-
restrial insects were observed in the diet of siscowets in all depth zones, indicating migration to the sur-
face. Type A sea lamprey wounding rates were higher for large (≥ 600 mm) than small siscowets among
all depth zones. The highest wounding rate was observed on large siscowets in the deep zone. Recent
work indicates that siscowets are the most abundant lake trout form and this research indicates that sis-
cowets use the maximum depths of Lake Superior.

INDEX WORDS: Siscowet, lake trout, diet, sea lamprey, deep water, Lake Superior, depth
distribution.
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INTRODUCTION

Lake Superior is the coldest (mean annual sur-
face temperature = 3.6°C) and the deepest of the
Great Lakes with the maximum depth at 405 m and
an overall average depth of 147 m (Fuller et al.
1995, Horns et al. 2003). These attributes have
shaped the fish fauna of Lake Superior, particularly
the top predator lake trout Salvelinus namaycush.
There are three recognized morphotypes of lake
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trout in Lake Superior: the lean form, the siscowet
form, and the humper form (Eschmeyer and Phillips
1965, Lawrie and Rahrar 1973, Burnham-Curtis
and Smith 1994). Leans occupy all of the Great
Lakes and are the shallowest form found generally
in waters less than 100 m. Siscowets are most abun-
dant at depths greater than 100 m, though they are
frequently observed in more shallow waters (Bronte
et al. 2003). The humper is the least known and
least common form of lake trout and derives its
common name from its habitat, which are offshore
sea mount-like structures (humps) (Burnham-Curtis
and Bronte 1996). Outside of Lake Superior,
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humpers (also called klondikes) have been stocked
recently in Lake Erie (GLFC 2007) and there were
historic accounts of siscowet-like lake trout in
Lakes Michigan and Huron (Brown et al. 1981).
Furthermore, deepwater forms of lake trout similar
to siscowets and humpers have been reported in
other North American large, deep lakes (Zimmer-
man et al. 2006, 2007). 

Most research and management has been focused
on lean lake trout because of its long established
socio-economic value and the tragic collapse of
stocks in all of the Great Lakes in the middle part of
the 20th century (Hansen 1999). Subsequent lean
lake trout recovery programs have re-established
self-sustaining populations in Lake Superior and
maintained large standing stocks of hatchery-pro-
duced lake trout in all of the other Great Lakes
(Elrod et al. 1995, Eshenroder et al. 1995, Hansen
et al. 1995, Holey et al. 1995). Outside of Lake Su-
perior, no significant amount of natural recruitment
of lean lake trout has occurred in the Great Lakes
since the 1940s, though low levels of natural repro-

duction has been observed in Lake Huron more re-
cently (e.g., Reid et al. 2001, Riley et al. 2007). Re-
search priorities for lake trout recovery programs in
the lower four Great Lakes highlight the need to
evaluate reintroductions of lake trout in deep water
(Eshenroder et al. 1999, Janssen et al. 2007). There
is little historical information documenting the pop-
ulation trajectories of siscowets before, during, and
after the collapse of lean lake trout populations in
Lake Superior. However, recent papers indicate that
siscowet abundance has increased in the last 40
years (Bronte et al. 2003, Bronte and Sitar 2008). 

The bathymetric distribution of lean and siscowet
lake trout is associated with key anatomical differ-
ences. Leans have a fusiform body, long, pointed
snout, small eyes, small fins, and relatively low
lipid levels (hence the name lean). In contrast, sis-
cowets, whose vernacular name is fat trout, have a
stouter body, a shorter, convex snout, larger eyes,
larger fins, and significantly higher lipid content
(Fig. 1) (Khan and Qadri 1970, Burnham-Curtis
1993, Moore and Bronte 2001). The high lipid con-

FIG. 1. Lean (top) and siscowet (bottom) lake trout of Lake Superior. 
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tent in siscowets is thought to be an adaptation for
vertical migration in deep water (Eshenroder and
Burnham-Curtis 1999, Henderson and Anderson
2002, Hrabik et al. 2006). Similar depth-related
morphological differences in lake trout forms have
been reported from large, northern Canadian lakes
(Zimmerman et al. 2006, 2007) which have both a
shallow and deepwater lake trout morphotype. As
in the lake trout forms in those large Canadian
lakes, there are important ecological differences be-
tween leans and siscowets such as diet, bathymetric
distribution, and time of reproduction.

Little has been reported on siscowets sampled in
their principal habitat because few surveys have
been conducted in deep water areas of Lake Supe-
rior until more recently. Recent papers indicate that
siscowets are likely the most abundant predator in
Lake Superior (Ebener 1995, Bronte et al. 2003)
and given that Lake Superior is predominantly deep
water, it is important to know how much of the
abyss is occupied by siscowets and associated fish
species. 

As an effort to expand understanding of siscowet
biology and distribution in Lake Superior, a coordi-
nated inter-agency siscowet survey was initiated in
1997. The siscowet survey has been conducted
every three years and attempts to sample all depths
in selected areas across the lake using bottom-set
gill nets. Prior to 2006, the maximum depth sam-
pled in the siscowet survey was less than 300 m. In
the 2006 siscowet survey, the sampling was ex-
panded to include the greatest depth (405 m) in
Lake Superior. The deepest recorded collection of
fish in Lake Superior that was found was a 333 m
deep bottom trawl survey in 2006, north of Grand
Marais, Michigan (Lori M. Evrard, Lake Superior
Biological Station, Great Lakes Science Center,
U.S. Geological Survey, personal communication).
This trawl tow collected siscowet lake trout, burbot
Lota lota, and deepwater sculpin Myoxocephalus
thompsoni. Based on this information and data from
previous siscowet surveys, siscowets, burbot, and
kiyi Coregonus kiyi were expected to be found at
the deepest area in Lake Superior using bottom-set
gill nets. Although deepwater sculpin may also in-
habit the greatest depths of Lake Superior, they
would not likely be detected because they would
not be vulnerable to the gill nets.

The objectives of this paper were to: 1) document
the first fish collected near the maximum depth of
Lake Superior, and 2) provide brief comparisons of
siscowets collected at the maximum depth with
those sampled in shallower areas in south-central

Michigan waters of Lake Superior. Overall, this
paper explores whether there were indications that
siscowet population structure and ecology differs
with depth. The first hypothesis was that siscowet
population structure in the deepest area of Lake Su-
perior was similar to those in shallower waters.
Thus, siscowet length compositions were compared
among three depth zones: shallow (< 219 m), deep
(between 200 and 394 m), and deepest (395–399
m). The second hypothesis was that siscowets in the
deepest area of Lake Superior would differ in diet
and sea lamprey wounding rates than in shallower
areas. Therefore, diet compositions and sea lamprey
wounding rates of small (< 600 mm) and large 
(≥ 600 mm) siscowets were compared among the
three depth zones.

METHODS

In June 2006, as part of the inter-agency, lake-
wide, coordinated siscowet lake trout survey in
Lake Superior, an 823 m long by 1.8 m high multi-
mesh, bottom-set gill net gang was fished overnight
at nearly every 36.6 m (20 fathoms) depth interval
from the shallowest to the greatest depth in two re-
gions near Marquette and Munising, Michigan
(Table 1, Fig. 2). Each gill net gang (hereafter
called net) comprised nine nylon, multifilament
panels that were 91.4 m long by 1.8 m high with the
following stretched mesh sizes: 5.1, 6.4, 7.6, 8.9,
10.2, 11.4, 12.7, 14.0, and 15.2 cm. There were 6
nets fished in the Marquette region with the deepest
net at 194 m, and 11 nets in the Munising region
with the deepest net at 399 m (W86°35.953′,
N46°54.790′) which was in close spatial proximity
to Lake Superior’s deepest sounding. (The deepest
sounding, 405.4 m, was obtained at W86°35.906′,
N46° 54.480′, Nigel Wattrus, U. Minnesota-Duluth,
personal communication.) All net positions were
geo-referenced using a Northstar 951X differential
Global Positioning System aboard the Michigan
Department of Natural Resources’ Lake Superior
Research Vessel Judy. Depth recordings were mea-
sured using a Raytheon L365 Fishfinder and a
Ratheon V900 color Echosounder. 

Total length, weight, sea lamprey wounding, gen-
der, and stage of maturity were recorded from each
fish collected. Stomachs were extracted from most
lake trout and frozen for subsequent laboratory
analyses. Wet weight was measured for each prey
category in each stomach and expressed as propor-
tions by dividing the prey weight by total ration.
Prey fishes were identified to the lowest possible
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taxon depending on the degree of digestion. Prey
insects were identified to the order level when pos-
sible, and were categorized as terrestrial or aquatic
insects for this paper. Key aquatic macro-inverte-
brates identified in the diet were opossum shrimp
Mysis and the amphipod Diporeia. Prey item cate-
gories were established for prey that made up at
least 2% of the diet. These included burbot, corego-
nines, kiyi, deepwater sculpin, unidentifiable fish
remains, opossum shrimp, Diporeia, terrestrial in-
sects, and unidentifiable salmonine. The corego-
nines category was for prey fish identified as a
member of the Coregonus genus, but not distin-
guishable at the species level. This included cisco
C. artedi, bloater C. hoyi, shortjaw cisco C. zenithi-
cus, kiyi, lake whitefish C. clupeaformis, and round
whitefish Prosopium cylindraceum. Kiyi warranted
a separate category because significant numbers of
this species were able to be identified in siscowet
stomachs. Unidentified salmonines category was
for prey fish identifiable to the following genera:
Salvelinus, Oncorhynchus, and Salmo. Other prey
items that each made up less than 2% of the diet

were pooled into the other category, and in some in-
stances included the prey species listed above.

Siscowet length distributions were compared
among the three depth zones using the two-tailed
Kolmogorov-Smirnov test (Siegel and Castellan
1988). Comparisons were made using 100 mm
length bins with the null hypothesis that length dis-
tributions differed between depth zones. Statistical
significance was established at α = 0.05.

Siscowet diet compositions were compared by
length group (small, large) and depth zone (shallow,
deep, deepest). Siscowet length distributions from
survey catches were compared among depth zones.
The small and large siscowet length groups for
comparing sea lamprey wounding rates and diet
compositions were established because sea lam-
preys are size-selective parasites on lake trout (e.g.,
Swink 1991) and 600 mm is close to the length at
which survival from sea lamprey attacks starts to
asymptote in lake trout (Swink 2003). Moreover,
ontogenetic changes in maturation and diet have
been reported for lake trout near 600 mm (e.g.,
Madenjian et al. 1998, Ray 2004, Sitar and He

TABLE 1. Fish catch composition from the June, 2006 siscowet survey in Marquette and Munising
areas of Lake Superior. Species codes are: Sis = siscowet lake trout, LLT = lean lake trout, Bur = burbot;
Cis = cisco, Blo = bloater, Kiy = kiyi, SJC = shortjaw cisco, LWF = lake whitefish, RWF = round white-
fish, and LNS = longnose sucker. The catch at each station was from a standardized 823 ×× 1.8 m multi-
mesh, bottom gill net that was fished overnight. The net stretched mesh sizes were: 5.1, 6.4, 7.6, 8.9, 10.2,
11.4, 12.7, 14.0, and 15.2 cm.

Actual
Station Depth depth Species

number zone range (m) Sis LLT Bur Cis Blo Kiy SJC LWF RWF LNS

Marquette
566 shallow 29–33 11 1
567 shallow 46–53 3 9 1
570 shallow 102–107 19 1 2 1
571 shallow 119–122 14 2 1
573 shallow 148–159 38 3 1
575 shallow 191–194 78 3 2 1 4

Munising 
650 shallow 28–37 2 4 1 1 9
652 shallow 41–69 33 10 1 3 2
639 shallow 74–107 29 3 13 1 1
640 shallow 110–134 34 3 1 4 1 3 6
638 shallow 146–167 28 3 1 7 4
642 shallow 186–195 29 4 1 5
643 deep 214–241 32 3
644 deep 258–280 13
645 deep 290–312 17
646 deep 330–346 23 3
648 deepest 395–399 39
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2006). The shallow zone was delineated as the
maximum depth range that lean lake trout have
been sampled in this survey. The deep zone repre-
sented a depth range that siscowets and deepwater
fishes have been sampled and lean lake trout have
rarely been found. The deepest zone represented an
area of Lake Superior that had not been previously
sampled for fish.

Sea lamprey wounding rates and percentage of
fish with wounds were estimated for small and
large siscowets in each depth zone. Sea lamprey
wounds on siscowet were categorized as type A,
those penetrating the musculature, or type B, those
not penetrating the musculature based on the classi-
fication by King (1980). Type A wounds can be
lethal and are commonly used to index sea lamprey-
induced mortality on lake trout (Bence et al. 2003).
Type B wounds have low lethality (Swink 2003),
but may be informative for indexing overall lam-
prey attack rates. Sea lamprey wounding rate was
reported as wounds per 100 fish which was the total

number of type A or B wounds divided by the num-
ber of fish sampled then multiplied by 100. Sum-
marizing wounding rates this way infers that the
rates can vary according to siscowet or sea lamprey
abundance and can index the relative effects of sea
lamprey predation (Ebener et al. 2003). The per-
centage of fish with wounds represented a measure
of the overall incidence of wounds or the fraction of
siscowets successfully attacked by sea lampreys.
For sea lamprey wounding rates for each wound
type (A or B), least square means were generated
by ANOVA on square root transformed wounds per
fish (see Sitar et al. 1997) to compare wounding
rates by length group and depth zone (PROC GLM,
SAS Institute 2003). Significant tests (P < 0.05)
were conducted using the Tukey-Kramer procedure
for multiple comparisons of least square means
(Kutner et al. 2005). 

RESULTS

Across all sampling stations, nine species of fish
were collected: lake trout (lean and siscowet), bur-
bot, cisco, kiyi, bloater, shortjaw cisco, lake white-
fish, round whitefish, and longnose sucker
Catostomus catostmus. Lean lake trout were caught
only at depths less than 200 m, in comparison sis-
cowets were caught only in waters > 40 m (Table
1). Siscowets were the only fish collected at the
maximum depth sampled. The only other species
caught in the nets beyond 280 m was burbot. 

The length distribution of siscowets differed be-
tween the shallow and deep zones with higher pro-
portions of small fish caught in the shallow zone (P
< 0.0003) (Fig. 3). There were no statistical differ-
ences for all other comparisons of length distribu-
tions. However, in the deep and deepest zones,
more than 60% of siscowets were larger than 500
mm. There were no siscowets less than or equal to
400 mm in the deepest zone and only 3.5% of sis-
cowets of this size range were found in the deep
zone. In the shallow zone, 16% of the siscowet
caught were ≤ 400 mm and more than half were
less than or equal to 500 mm. 

Fish dominated the diet of siscowets in all depth
zones and comprised principally of burbot and
coregonines in large siscowets and deepwater
sculpins in small siscowets (Fig. 4). In the shallow
zone, the diet of small siscowets was diverse and
comprised 30% invertebrates (mostly Diporeia) and
66% fishes (primarily coregonines and deepwater
sculpin) (Fig. 4). The diet of large siscowets in the
shallow zone comprised mostly of coregonines and

FIG. 2. Siscowet survey sampling stations in the
Marquette and Munising areas of Lake Superior
during June 2006. White circles are shallow depth
zone (< 200 m) stations, gray circles represent
deep zone stations (200–394 m), and black circle is
the deepest zone station (395–399 m). Specific
depth ranges for each station number are in 
Table 1.
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burbot. In the deep zone, small siscowet diet com-
prised 62% deepwater sculpins and 27% kiyi and
large siscowet stomachs contained mostly corego-
nines and burbot. In the deepest zone, deepwater
sculpin made up more than 80% of small siscowet
diet, and burbot dominated the diet of large sis-
cowets. Overall, the dietary proportion of deepwa-
ter sculpin increased with depth in both small and
large siscowets. 

Notable prey items found in small amounts (<
2%) in siscowet diets among depth zones included
fishes, terrestrial insects, Mysis, and Diporeia.
Other fishes identified in small amounts in the shal-
low zone included ninespine stickleback Pungitius
pungitius, rainbow smelt Osmerus mordax, and
slimy sculpin Cottus cognatus. In addition, the

stomach of a large siscowet in the deep zone con-
tained a lake trout of unknown morphotype, which
made up 5.6% of prey biomass. Terrestrial insects
(e.g., ants Hymenoptera and beetles Coleoptera)
were observed in the diet of siscowets in all depth
zones. In all depth zones, Mysis were found in the
diet of small and large siscowets. There were Di-
poreia found in diet of small siscowets in the shal-
low and deep zones, and in large siscowets in the
shallow zone.

Sea lamprey wounds were observed on small and
large siscowets in all depth zones and the incidence
of fish with wounds ranged from 6.7% to 68.3%
(Table 2). The percentage of siscowets with wounds
was higher for large siscowets than for small sis-
cowets. Type A wounding rates were significantly
higher on large siscowets than on small siscowets.
Small siscowet type A wounding rates ranged from
5.4 wounds per 100 fish in the shallow zone to 17.9
wounds per 100 fish in the deepest zone, but were
not statistically different among depth zones. Large
siscowet type A wounding rates were significantly
higher in the deep zone than in the shallow zone.
Large siscowet type A wounding rates did not differ
significantly between the deepest zone and the
other depth zones. The only statistical differences
in type B wounding were between large and small
siscowets in the shallow zone and between shallow
zone large siscowets and deep zone small sis-
cowets.

DISCUSSION

Siscowet lake trout have now been confirmed to
inhabit the greatest depths in Lake Superior and the
Great Lakes. In this survey across all depths of
Lake Superior, siscowets were relatively abundant
at all bottom depths starting at 40 m, whereas lean
lake trout had a much narrower depth distribution,
and were most abundant at depths shallower than
50 m. Despite their bottom depth distributional dif-
ferences, both leans and siscowets can be found
throughout the water column. Mattes (2004) re-
ported that lean lake trout occupied all depths in the
water column throughout all seasons based on data
recovered from fish implanted with temperature and
depth recorders during the fall. Siscowets and leans
are harvested by sport anglers and commercial fish-
eries throughout the warm water season at various
depths. Moreover, the presence of terrestrial insects
in the stomachs of siscowets from Lake Superior
also indicates both vertical movement to the surface
and horizontal movement to near shore areas. The

FIG. 3. Length distribution of siscowets sampled
in the a) shallow (< 200 m), b) deep (200–394 m),
and c) deepest (395–399 m) zones in the Mar-
quette and Munising areas of Lake Superior dur-
ing June 2006. Data presented as proportion of
siscowets per 100 mm length group per depth
zone.
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FIG. 4. Diet composition of small (< 600 mm) and large (≥ 600 mm) siscowet lake
trout collected in the Marquette and Munising areas of Lake Superior during June
2006. Data are presented as percent wet biomass for three depth zones: a) shallow 
(< 200 m), b) deep (200 to 394 m), and c) deepest (395–399 m). Species codes are: BUR
= burbot, COR = coregonines, DIA = Diporeia, DWS = deepwater sculpin, KIY = kiyi,
MR = opossum shrimp, SAL = unidentifiable salmonine, TRI = terrestrial insects, and
UFR = unidentifiable fish remains. Prey items composing less than 2% of the diet were
pooled in the “other” (OTH) category. 
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occasional occurrence of terrestrial insects in sis-
cowet stomachs could be due to feeding on insects
settled on the bottom or feeding at the surface,
however, the presence of large numbers, as was ob-
served in some stomachs in this study, implies sur-
face feeding on a concentration of insects, e.g.,
through a “swarm” flying just above the water or
due to Langmuir cells (Matthews 1998).

Although siscowets were the only fish found be-
yond 350 m, it is likely that there were other fishes
inhabiting the deepest zone of Lake Superior. Core-
gonines, sculpins, and burbot were observed in the
stomachs of siscowets from the deepest zone and
may inhabit the greatest depths of Lake Superior.
Pelagic coregonines (cisco, bloater, kiyi, and short-
jaw cisco) were not caught beyond 280 m probably
because the bottom-set gill nets extended only 1.8
m off the bottom and these species tend to be more
abundant further up in the water column. Smaller
fishes such as deepwater sculpin were not vulnera-
ble to the gill nets because the meshes were too
large.

There has been concern by some fisheries man-
agers and the public that siscowets may compete

with lean lake trout for prey. The diet data from this
study support previous conclusions that there is
nominal dietary competition between leans and sis-
cowets (Harvey et al. 2003, Ray et al. 2007). The
diet of siscowets sampled in this survey comprised
nearly exclusively of native prey items. In Lake Su-
perior, lean lake trout diet comprises mostly of non-
native, rainbow smelt (Conner et al. 1993, Ray et
al. 2007). In this study, a very small amount of rain-
bow smelt was observed only in the diet of small
siscowets in the shallow zone. 

The presence of sea lamprey wounds on sis-
cowets in the deep water areas of Lake Superior in-
dicates that great depth and distance from shore do
not provide protection from sea lampreys. The level
of sea lamprey wounding on siscowets rivals and
even exceeds the wounding rates observed on lean
lake trout from other surveys that are near shore
(Sitar et al. 2007). However, the observed wound-
ing on siscowets requires a different interpretation
of sea lamprey-induced mortality than with leans.
The only relationship between observed sea lam-
prey wounding and mortality for lake trout has been
for the lean form (Swink and Hanson 1986, Swink
1990). Survival from sea lamprey attacks likely dif-
fers for siscowets because they occupy greater
depths and lower temperatures than leans, which
would lower the metabolism of both sea lampreys
and siscowets, likely increasing healing time of
lamprey wounds, and decreasing the probability of
death from the attacks (Bence et al. 2003). This is
consistent with previous studies reporting that
lower host mortality from sea lamprey attacks was
associated with lower temperatures (Farmer et al.
1977, Swink and Hanson 1986, Swink 2003). 

Lean lake trout in Michigan waters of Lake Supe-
rior are near historic high levels (Wilberg et al.
2003), but they only occupy a narrow margin of the
lake. In contrast, most of Lake Superior is suitable
as siscowet habitat, and they have now been found
at all depths. For that reason, it is logical that sis-
cowet would be more abundant than lean lake trout
(Ebener 1995, Bronte et al. 2003). There is plentiful
information on lean lake trout biology (e.g., Martin
and Olver 1980) and quantitative time series data to
support stock assessments (e.g., Woldt et al. 2006).
However, little information exists on siscowets.
Furthermore, the basic descriptive biology of sis-
cowets and quantitative abundance data are limited
(e.g., Sitar et al. 2007). For example, no one has
documented a specific siscowet spawning site, the
spawning substrate of siscowets, or the depths at
which they spawn. Furthermore, siscowet spawning

TABLE 2. Sea lamprey wounding rate and per-
centage of small (< 600 mm) and large (≥ 600
mm) siscowet lake trout with sea lamprey wounds
sampled in the Marquette and Munising areas of
Lake Superior, June 2006. Depth zones were 
< 200 m for shallow, between 200 and 394 m for
deep, and 395–399 m for deepest. Wounding rate
was the total number of type A or type B wounds
per 100 fish (King 1980). Values containing the
same superscripts within each wound type are not
significantly different from one another at αα =
0.05. The Tukey-Kramer procedure was used to
compare least square means from ANOVA of
square root transformed wounding rate.

% of Wounding rate

fish with (wounds per

any 100 fish)

Depth zone n wounds type A type B

Small siscowets
shallow 240 6.7 5.4A 2.1X

deep 46 15.2 4.7A 4.3X

deepest 28 17.9 17.9A 7.1X,Y

Large siscowets
shallow 41 58.5 83.1B 20.0Y

deep 63 68.3 138.5C 10.3X,Y

deepest 11 63.6 100.0B,C 0X,Y
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time is not well documented though there have been
some anecdotal field observations of ripe females
during the months of April and September (Janssen
et al. 2007). 

Siscowets have a broad depth distribution in
Lake Superior, but are more common and adapted
to live in deep water. Light attenuation, constant
low temperature, and high pressure are important
factors that affect siscowets (and other fishes) liv-
ing 400 m below the surface of Lake Superior. Sis-
cowets in the deepest parts of Lake Superior
experience about 41 atmospheres of pressure, a
constant temperature of 4°C, and are subjected only
to narrow portions of the light spectrum. Therefore,
the selective pressures associated with deep water
living are notably different than those encountered
by leans in the shallow waters of Lake Superior,
and provide a basis for comparative studies to im-
prove understanding of lake trout ecology and
deepwater fishes in Lake Superior. Future research
should focus on expanding the basic descriptive bi-
ology of siscowets and continue to build time series
of relative abundance data to better quantify popu-
lation size. This will complement the extensive lean
lake trout knowledge base. Furthermore, expanding
the understanding of deepwater lake trout ecology
in Lake Superior will be informative for lake trout
recovery programs in the lower Great Lakes by pro-
viding a better insight into the role of deepwater
habitat for lake trout, especially since those recov-
ery programs have mostly focused on shallow water
areas.

ACKNOWLEDGMENTS

This paper was based on work funded by Federal
Aid in Sport Fish Restoration Project F-81-R and
the Michigan Department of Natural Resources. We
thank Chris Woodley for processing stomach sam-
ples. We also thank Chuck Bronte, Mark Ebener,
Phil Schneeberger, and Mara Zimmerman for their
careful review of this manuscript. 

REFERENCES
Bence, J.R., Bergstedt, R.A., Christie, G.C., Cochran,

P.A., Ebener, M.P., Koonce, J.F., Rutter, M.A., and
Swink, W.D. 2003. Sea lamprey (Petromyzon
marinus) parasite-host interactions in the Great Lakes.
J. Great Lakes Res. 29 (Supplement 1):253–282.

Bronte, C.R., and Sitar, S.P. 2008. Harvest and Relative
Abundance of Siscowet Lake Trout in Michigan
Waters of Lake Superior, 1929–61. Trans. Am. Fish.
Soc. In press

——— , Ebener, M.P, Schreiner, D.R., DeVault, D.S.,
Petzold, M.M., Jensen, D.A., Richards, C., and
Lozano, S.J. 2003. Fish community change in Lake
Superior, 1970–2000. Can. J. Fish. Aquat. Sci. 60:
1552–1574.

Brown, E.H., Jr., Eck, G.W., Foster, N.R., Horrall, R.M.,
and Coberly, C.E. 1981. Historical evidence for dis-
crete stocks of lake trout (Salvelinus namaycush) in
Lake Michigan. Can. J. Fish. Aquat. Sci. 38:
1747–1758.

Burnham-Curtis, M.K. 1993. Intralacustrine speciation
of Salvelinus namaycush in Lake Superior: an investi-
gation of genetic and morphological variation and
evolution of lake trout in the Laurentian Great Lakes.
Ph. D. dissertation. University of Michigan, Ann
Arbor.

——— , and Bronte, B.R. 1996. Otoliths reveal a diverse
age structure for humper lake trout in Lake Superior.
Trans. Am. Fish. Soc. 125:844–851.

——— , and Smith, G.R. 1994. Osteological evidence of
genetic divergence of lake trout (Salvelinus namay-
cush) in Lake Superior. Copeia 1994:843–850.

Conner, D.J., Bronte, C.R., Selgeby, J.H., and Collins,
H.L. 1993. Food of Salmonine predators in Lake
Superior, 1981–1987. Great Lakes Fish. Comm. Tech.
Rep. 59.

Ebener, M.P. 1995. Bioenergetics of predator fish in
western U.S. waters of Lake Superior. Report pre-
pared for the Red Cliff Band of Lake Superior
Chippewas, Red Cliff Fisheries Department, Bayfield,
Wisconsin. 

——— , Bence, J.R., Bergstedt, R.A., and Mullett, K.M.
2003. Classifying sea lamprey marks on Great Lakes
lake trout: observer agreement, evidence on healing
time between classes, and recommendations for
reporting of marking statistics. J. Great Lakes Res. 29
(Supplement 1):283–296.

Elrod, J.H., O’Gorman, R., Schneider, C.P., Eckert,
T.H., Schaner, T., Bowlby, J.N., and Schleen, L.P.
1995. Lake trout rehabilitation in Lake Ontario. J.
Great Lakes Res. 21(Supplement 1):83–107.

Eschmeyer, P.H., and Phillips, A.M., Jr. 1965. Fat con-
tent of the flesh of siscowets and lake trout from Lake
Superior. Trans. Am. Fish. Soc. 94:62–74.

Eshenroder, R.L., and Burnham-Curtis, M.K. 1999.
Species succession and sustainability of the Great
Lakes Fish Community. In Great Lakes Policy and
Management: a Binational Perspective, W.W. Taylor
and C.P. Ferreri, Eds., pp. 307–354. East Lansing,
Michigan: Michigan State University Press. 

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

——— , Peck, J.W., and Olver, C.H.. 1999. Research pri-
orities for lake trout rehabilitation in the Great



Siscowet Maximum Depth Distribution 285

Lakes: a 15-year retrospective. Great Lakes Fish.
Comm. Tech. Rep. no 64.

Farmer, G.J., Beamish, F.W.H., and Lett, P.F. 1977.
Influence of water temperature on the growth rate of
the landlocked sea lamprey (Petromyzon marinus) and
the associated rate of host mortality. Can. J. Fish.
Aquat. Sci. 34:1373–1378. 

Fuller, K., Shear, H., and Wittig, J. 1995. The Great
Lakes: An Environmental Atlas and Resource Book.
Third edition. U.S. Environmental Protection Agency
and Government of Canada. 

GLFC (Great Lakes Fishery Commission). 2007. Report
of the Lake Erie Coldwater Task Group. Available at:
http://www.glfc.org/lakecom/lec/CWTG_docs/annual
_reports/CWTG_report_2007.pdf. (December 2007).

Hansen, M.J. 1999. Lake trout in the Great Lakes: basin-
wide collapse and binational restoration. In Great
Lakes Policy and Management: a Binational Perspec-
tive, W.W. Taylor and C.P. Ferreri, eds., pp. 417–453.
East Lansing, Michigan: Michigan State University
Press. 

——— , Peck, J.W., Schorfhaar, R.G., Selgeby, J.H.,
Schreiner, D.R., Schram, S.T., Swanson, B.L., Mac-
Callum, W.R., Burnham-Curtis, M.K., Curtis, G.L.,
Heinrich, J.W., and Young, R.J. 1995. Lake trout
(Salvelinus namaycush) populations in Lake Superior
and their restoration in 1959–1993. J. Great Lakes
Res. 21 (Supplement 1):152–175.

Harvey, C.J., Schram, S.T., and Kitchell, J.F. 2003.
Trophic relationships among lean and siscowet lake
trout in Lake Superior.  Trans. Am. Fish. Soc.
132:219–228.

Henderson, B.A., and Anderson, D.M. 2002. Phenotypic
differences in buoyancy and energetics of lean and
siscowet lake charr in Lake Superior. Env. Bio. Fish.
64:203–209.

Holey, M.E., Rybicki, R.W., Eck, G.W., Brown Jr., E.H.,
Marsden, J.E., Lavis, D.S., Toneys, M.L., Trudeau,
T.N., and Horrall, R.M. 1995. Progress toward lake
trout restoration in Lake Michigan. J. Great Lakes
Res. 21 (Supplement 1):128–151.

Horns, W.H., Bronte, C.R., Busiahn, T.R., Ebener, M.P.,
Eshenroder, R.L., Gorenflo, T., Kmiecik, N., Mattes,
W., Peck, J.W., Petzold, M., and Schreiner, D.R.
2003. Fish-community objectives for Lake Superior.
Great Lakes Fish. Comm. Spec. Pub. 03-01.

Hrabik, T.R., Jensen, O.P., Martell, S.J.D., Walters, C.J.,
and Kitchell, J.F. 2006. Diel vertical migration in the
Lake Superior pelagic community. I. Changes in ver-
tical migration of coregonids in response to varying
predation risk. Can. J. Fish. Aquat. Sci. 63:
2286–2295.

Janssen, J., Marsden, J.E., Bronte, C.R., Jude, D.J., Sitar,
S.P., and Goetz, F.W. 2007. Challenges to deep-water
reproduction by lake trout: pertinence to restoration in
Lake Michigan. J. Great Lakes Res. 33 (Supplement
1):59–74.

Khan, N.Y., and Qadri, S.U. 1970. Morphological differ-
ences in Lake Superior lake char. J. Fish. Res. Board
Can. 27:161–167. 

King, E.L., Jr. 1980. Classification of sea lamprey
(Petromyzon marinus) attack marks on Great Lakes
lake trout (Salvelinus namaycush). Can. J. Fish.
Aquat. Sci. 37:1989–2006.

Kutner, M.H., Nachtsheim, C.J., Neter, J., and Li, W.
2005. Applied statistical models. Fifth Edition. New
York: McGraw-Hill Companies.

Lawrie, A.H., and Rahrer, J.F.. 1973. Lake Superior: a
case history of the lake and its fisheries. Great Lakes
Fish. Comm. Tech. Rep. no 19.

Madenjian, C.P., DeSorcie, T.J., and Stedman, R.M.
1998. Ontogenic and spatial patterns in diet and
growth of lake trout in Lake Michigan. Trans. Am.
Fish. Soc. 127:236–252.

Martin, N.V., and Olver, C.H. 1980. The lake charr,
Salvelinus namaycush. In Charrs: salmonid fishes of
the genus Salvelinus, E. K. Balon, ed., pp. 205–277.
The Hague, the Netherlands: Junk Publications.

Mattes, W.P. 2004. Temperature and depth profiles of
namaycush (lake trout) in Lake Superior. Great Lakes
Indian Fish and Wildlife Commission, Project Report
04–01, Odanah, Wisconsin.

Matthews, W.J. 1998. Patterns in Freshwater Fish Ecol-
ogy. New York: International Thomson Publishing.

Moore, S.A., and Bronte, C.R. 2001. Delineation of sym-
patric morphotypes of lake trout in Lake Superior
Trans. Am. Fish. Soc. 130:1233–1240.

Ray, B.A. 2004. Spatial and Temporal variability in prey
fish composition and predator diet characteristics in
Lake Superior from 1986–2001. M.Sc. thesis, Uni-
viversity of Minnesota at Duluth, Duluth, MN.

——— , Hrabik, T.R., Ebener, M.P., Gorman, O.T.,
Schreiner, D.R., Schram, S.T., Sitar, S.P., Mattes,
W.P., and Bronte, C.R. 2007. Diet and prey selection
by Lake Superior lake trout during spring,
1986–2001. J. Great Lakes Res. 33:104–113.

Reid, D.M., Anderson, D.M., and Henderson, B.A. 2001.
Restoration of Lake Trout in Parry Sound, Lake
Huron. N. Am. J. Fish. Manage. 21:156–169. 

Riley, S.C., He, J.X., Johnson, J.E., O’Brien, T.P., and
Schaeffer, J.S. 2007. Evidence of widespread natural
reproduction by lake trout Salvelinus namaycush in
the Michigan waters of Lake Huron. J. Great Lakes
Res. 33:917–921. 

SAS Institute. 2003. SAS for Windows, version 9.1. SAS
Institute Inc., Cary, North Carolina.

Siegel, S., and Castellan, N.J. Jr. 1988. Nonparametric
statistics for the behavioral sciences (Second edition).
New York, NY: McGraw-Hill.

Sitar, S.P., and He, J.X. 2006. Growth and maturity of
hatchery and wild lean lake trout during population
recovery in Lake Superior. Trans. Am. Fish. Soc. 135:
915–923.

——— , Bence, J.R., Johnson, J.E., and Taylor, W.W.



286 Sitar et al.

1997. Sea lamprey wounding rates on lake trout in
Lake Huron, 1984–1994. Michigan Academician
29:21–37.

——— , Bronte, C.R., Ebener, M.P., Mattes, W.P., Pet-
zold, M., Schram, S.T., and Schreiner, D.R. 2007.
Lake trout. In The state of Lake Superior in 2000,
M.P. Ebener, ed., pp. 49–61. Great Lakes Fish.
Comm. Spec. Pub. 07-02.

Swink, W.D. 1990. Effect of lake trout size on survival
after a single sea lamprey attack. Trans. Am. Fish.
Soc. 119:996–1002.

——— . 1991. Host-size selection by parasitic sea lam-
preys. Trans. Am. Fish. Soc. 120:637–643.    

——— . 2003. Host selection and lethality of attacks by
sea lampreys (Petromyzon marinus) in laboratory
studies. J. Great Lakes Res. 29 (Supplement 1):
307–319.

——— , and Hanson, L.H. 1986. Survival from sea lam-
prey (Petromyzon marinus) predation by two strains
of lake trout (Salvelinus namaycush). Can. J. Fish.
Aquat. Sci. 43:2528–2531. 

Wilberg, M.J., Hansen, M.J., and Bronte, C.R. 2003.
Historic and modern abundance of wild lean lake trout

in Michigan waters of Lake Superior: implications for
restoration goals. N. Am. J. Fish. Manage. 23:
100–108.

Woldt, A.P., Sitar, S.P., Bence, J.R., and Ebener, M.P.
(eds.). 2006. Summary Status of Lake Trout and Lake
Whitefish Populations in the 1836 Treaty-Ceded
Waters of Lakes Superior, Huron and Michigan in
2004, with recommended yield and effort levels for
2005. Technical Fisheries Committee, 1836 Treaty-
Ceded Waters of Lakes Superior, Huron and Michigan.

Zimmerman, M.S., Krueger, C.C., and Eshenroder, R.L.
2006. Phenotypic diversity of lake trout in Great
Slave Lake: differences in morphology, buoyancy,
and habitat depth .  Trans. Am. Fish. Soc. 135:
1056–1067.

——— , Krueger, C.C., and Eshenroder, R.L. 2007. Mor-
phological and ecological differences between shal-
low- and deep-water lake trout in Lake Mistassini,
Quebec. J. Great Lakes Res. 33:156–169. 

Submitted: 6 September 2007
Accepted: 28 January 2008
Editorial handling: Geoffrey Steinhart



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




