Unfortunately, many of the historic wild rice stands
have been lost. Although a number of factors can
harm rice, it is particularly sensitive to water level
changes (Vennum 1988). Many lakes and rivers
have been dammed, and even small water level
changes can destroy wild rice habitat. A number of
interagency efforts are underway to try and reverse
this decline in wild rice populations. These include
abundance and harvest monitoring, restoration and
enhancement, and research.

Lake Superior LaMP 2000

Wild Rice
To Chippewa tribes around the Lake
Superior basin, wild rice (manoomin) is “the
food that grows on water.” It fulfilled a
prophesy in the story of the Chippewa
tribe’s migration from the east — they would
know that they had found their new home
when they found the food growing on water.
Wild rice has been a vital part of Chippewa
culture and religion ever since. It was also
significant in the lives of the Dakota and
Menominee tribes, and provided food for
early European explorers.

Figure 6-56. Distribution of wild rice in the Lake Superior basin

(Based on Aitken and others 1988, Voss 1972)
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6.1.11.2 Walleye

Historically, walleye was an important member of shallow-water (<3 m) fish communities in
large bays, estuaries and tributaries of Lake Superior (Hoffe and Bronte 2000). Walleye have
been caught in at least 73 Lake Superior tributaries since 1950, and spawning has been
documented at 33 areas. During the late 1800s and first half of this century, walleye populations
declined due to habitat degradation and overharvest (Hoff 1996). Walleye habitats in Lake
Superior have been impaired by:

e reduction or elimination of fish passage in spawning tributaries,
e reduction in water quality caused by sedimentation and discharge of contaminants into the
lake, and

e degradation of spawning and nursery habitats in six areas.

Six bays and ten rivers have been identified where walleye populations and/or habitats are in
need of rehabilitation. The status of walleye habitat in Lake Superior and spawning tributaries is
summarized below by jurisdiction.

Most walleye in the Minnesota waters of Lake Superior spawn within the 22 miles stretch of the
St Louis River, below the hydroelectric dam near the village of Fond du Lac (Geving and others
1999). Spawning and nursery habitats in the St. Louis River have been negatively impacted since
the turn of the century by water pollution from the upstream discharge of untreated domestic and
industrial waste. In particular, chorophenolics and choro-organics from pulp and paper mills
caused oxygen deficiencies and reduced the palatability in walleye (Schram and others 1999).
Improvements in waste treatment initiated by the Western Lake Superior Sanitary District in
1978 has curtailed obvious widespread habitat degradation caused by inadequately treated
organic compounds and biological oxygen demand. It has also dramatically improved walleye
palatability and consequently, angling pressure. Persistent toxic contaminants remain a problem
in walleye in the St. Louis River however, and further water quality improvements in the St.
Louis River basin has been recommended to enhance walleye populations (Geving and others
1999). Key spawning areas in the St. Louis River are strongly influenced by manipulated water
levels caused by hydroelectric dam operations. Fish kills and stranding of spawning walleye
have been caused by bypassing water from the natural river channels to hydroelectric plants or
from shutting down flows to recharge reservoirs. Recent licenses for dam operations have
stipulated more favorable flow regimes, thereby increasing available walleye habitat.

The protection and enhancement of shallow nursery habitats within the St Louis River estuary
has been aided by the purchase of waterfront property adjacent to the main spawning area by the
Wisconsin DNR (Schram and others 1991).

In Wisconsin, there were historically three separate spawning populations:
e western lake Superior stocks that spawned primarily in the St. Louis River,

e Chequamegon Bay stocks that primarily spawn in the Kakagon River,
e Bad River spawning population (Schram and others 1999).
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Poor forestry and agricultural practices (e.g. management of livestock and associated wastes) in
the Bad River watershed have degraded riparian habitats and increased sedimentation at some
locations, and contributed to increased flooding and reduced water quality. Contaminants may
also have negatively affected spawning walleye populations in the Bad River (Schram and others
1999) and consumption advisories remain for both the Kakagon and Bad Rivers.

Habitat for four of the five major walleye populations in Michigan waters of Lake Superior has
been impacted. The Victoria Dam and Bond Falls Dam have impeded upstream migration to
traditional spawning areas in the Ontonagon River. Peak flows from hydroelectric facilities at
those dams have also caused bank erosion. Development, poor land use practices (e.g. logging),
and poorly constructed road crossings have increased bank erosion and sedimentation, and likely
affected spawning habitats and wetlands throughout the Ontonagon River, the Huron Bay
Watershed (Silver, Ravine, and Slate rivers), and the lower Tahquamenon River. Sedimentation
and loss of vegetation due to winter navigation and shipping have negatively affected walleye
spawning and nursery habitat in the upper St Marys River. Habitat loss from past logging-related
shipping has also occurred in Sherman Park, Izaak Walton Bay, Cedar Point and Waishkey Bay
(Hoff and others 1999). Habitat degradation does not appear to be significantly impacting the
other major Michigan populations, Lac La Belle.

Black Bay and Nipigon Bay in Ontario historically had the largest population of walleye in Lake
Superior, and Thunder Bay and Whitefish Bay also supported large fisheries (Ryder 1968;
Schneider and Leach 1977; Kelso and others 1996). Impaired water quality from paper mill
effluent downstream of spawning areas on the Nipigon River has been identified as a major cause
in the decline of the Nipigon Bay population in the 1960s (Ryder 1968), although overfishing is
also thought to have contributed (MacCallum and Selgeby 1987). Electrical barriers operated by
the Sea Lamprey Control Centre during the 1950s and 1960s caused direct mortality of walleye
in Lake Superior tributaries (including the Jackfish River) and prevented upstream migration to
spawning grounds (Schram and others 1999). The Goulais Bay and Goulais River of the
Whitefish Bay area, supported a commercial walleye fishery until the mid 1960s. Current use of
TFB-Bayer 73 lampricide treatments and low alkalinities in spawning areas are thought to be
reducing survival of walleye eggs and larvae (Rose and Kruppert 1984). Hydroelectric dams on
the Michipocoten and Magpie rivers have restricted access to upstream spawning grounds.
Habitat loss along the shoreline within the city of Thunder Bay may be limiting walleye stocks
(Schram and others 1991). Concentrations of persistent toxic chemicals in walleyes from
Goulais, Batchawana, and Nipigon bays remain above consumption advisories so further
rehabilitation of water and sediment quality in walleye habitats is needed.

The Walleye Subcommittee of the Lake Superior Technical Committee has reported on the status
of walleye populations (Hoff 1996) and drafted rehabilitation plan (Hoffe 1999). They
recommend that:

The Lake Superior fish community will be managed to maintain, enhance, and
rehabilitate habitat for, and self-sustaining populations of, walleye in areas where the
species historically maintained populations.
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Objectives for rehabilitation of walleye habitats included (Hoff 1999):

e creating or maintaining spawning and nursery habitats (St. Marys River, Ontonagon River,
Huron Bay Watershed, Bad River),

e enhancing fish passage pas a dam in the Ontonagon River,

e reducing sedimentation by 50 percent in the St Marys River, Tahquamenon River, and the
Huron Bay Watershed,

e climinate point source discharge of persistent toxic chemicals into the lake to reduce
contaminant concentrations in walleyes, and

e improve land and water use practices in the St Marys River, Ontonagon River, Huron Bay
Watershed, and the Bad River.

6.1.11.3 Coaster Brook Trout

Coaster brook trout are a large form of anadromous or lake dwelling brook trout (Salvelinus
fontinalis) spend at least part of their life in Lake Superior (Becker 1983). They were historically
common and widespread in the nearshore waters of Lake Superior and were often referred to as
“coasters” or “rock trout” because of their preference for rocky, shallow coastal areas. Coaster
brook trout typically spawn in tributaries in the fall before returning to the lake; fry remain in-
stream during early development before descending to the lake. Shoal spawning coasters may
spend their entire life cycle in Lake Superior, whereas others make many movements between
stream and lake habitats (Newman and others 1998).

There is little information on Lake Superior brook trout before 1900 because early catch records
did not distinguish brook trout from lake trout. In the early 1800s, lake-dwelling brook trout
were found in most Lake Superior waters within 50 feet of shore, or about islets and shoals close
to shore (Shiras 1935). They were less common along sandy beaches and steep, wave-washed
cliffs. Coasters historically spawned in at least 106 Lake Superior tributaries, including 61 in
Ontario, 25 in Michigan, 12 in Wisconsin and nine in Minnesota. They were probably present
below the first barrier in all streams along Lake Superior's north shore (Waters 1983) and most
coldwater streams along the south shore.

Overexploitation, particularly by anglers, is considered the primary cause for the abrupt decline
of coaster brook trout populations after the 1860s. Brook trout are very vulnerable to angling,
and coasters particularly so because they inhabit shallow shoreline areas and congregate at stream
mouths for feeding and spawning. Incidental catch of brook trout in nearshore gill nets increased
as fishing effort for lake trout and whitefish expanded in the early 1900s. In some areas,
spawning fish were netted at stream mouths, which led to extirpation of local populations
(Newman and Dubois 1997). During the late 1800s and early 1900s, anglers from across North
America fished for large brook trout in Lake Superior's waters and tributaries, particularly the
Nipigon, St. Mary's, Bois Brule and Salmon Trout rivers (Newman and Dubois 1997). By the
early to mid 1900s, coaster brook trout were reduced to the small, scattered populations which
have persisted in less accessible areas.
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Habitat loss contributed to the decline in coaster populations and may be responsible for
suppressing the recovery of stocks. Most destruction of habitat resulted from logging in the
Lake Superior watershed, which accelerated in late 1800s. Critical spawning areas were
degraded by sedimentation from increased erosion and deposition of bark debris from log drives.
Coarse woody material essential for fish habitat was removed from stream banks and bottoms
during log drives. Elimination of riparian cover, clear-cutting of watersheds and resulting
wildfires may have increased water temperatures and affected groundwater movement. Finally,
dam construction blocked migration routes and altered natural stream flow, sometimes resulting
in exposure of eggs during draw down for hydroelectric production (Newman and Dubois 1997).
At about the same time, introduction of non-native salmonids such as the rainbow trout, brown
trout, coho salmon and chinook salmon may have represented an additional stress.

Assessment of the current distribution and abundance of coaster brook trout is difficult due to the
presence of introduced hatchery fish and incidental occurrence of non-migratory stream fish.
Interbreeding with domestic strains of brook trout may also have altered the genetic composition
of native brook trout and reduced their migratory tendency (Newman and Dubois 1997). Coaster
brook trout now persist as scattered remnant populations and have been eliminated from many
areas, especially along the south shore of the lake. They persist where there is suitable habitat
and some measure of protection from overexploitation by angling.

In Ontario, small numbers of coaster brook trout are caught at numerous locations in the lake and
in many tributaries. The most important remaining spawning location is the Nipigon River
(Newman and Dubois 1997) which may offer some degree of protection from overharvest due to
its large water volume and flow. The relatively remote Cypress, Gravel and Little Gravel River
also support consistent spawning runs. A number of shoal-spawning coaster brook trout
populations persist near Isle Royale, as well as stream spawning stocks in Washington and Grace
Creeks. Coaster brook trout numbers are occasionally reported at numerous locations along the
south shore of Lake Superior, but abundance is considered very low. In mainland Michigan, only
the privately managed Salmon Trout River still has a spawning run of coaster brook trout, and
that population may be imperiled. In Minnesota, the Little Marais River may have spawning
coaster brook trout, and reintroduced coaster brook trout appear to be spawning in two tributary
streams on the Grand Portage Indian Reservation. No reproducing coaster populations are
known from Wisconsin.

Recovery efforts for Lake Superior coaster populations have focused on identifying, protecting,
and rehabilitating historical spawning streams. Efforts involve angling regulation (seasons, bag
limits, size restrictions) and water level regulation (Newman and others 1998). Stocking brook
trout in U.S. waters of Lake Superior has taken place since at least the 1940’s, but return rates
have been low and no natural reproduction has been recorded. Stocking of Nipigon Bay on the
Canadian side has not been extensive and is poorly documented. A number of Nipigon Bay
tributaries were stocked in the early 1980s (Cullis and others 1991). Invariably, brood stock has
originated from Lake Nipigon or other sources, rather than native Lake Superior strains.
Attempts are currently underway in Michigan to establish native Isle Royale hatchery stock
(Newman and Dubois 1997).

April 2000 6-130



Lake Superior LaMP 2000

6.1.11.4 Lake Trout

Lake trout were historically the dominant predator in Lake Superior until the 1950s, when they
declined rapidly due to commercial fishing pressure and sea lamprey predation (Hansen 1994).
Lake trout numbers are dependent on a complex combination of fishing pressure, prey
abundance, competition with introduced salmonids and other species, stocking, and predation,
especially by sea lamprey. Figure 6-57 shows commercial fisheries management units in Lake
Superior. Despite stocking efforts, lake trout populations have not recovered to historical levels.
With a few exceptions, habitat loss and degradation is not considered a major factor in lake trout
decline, nor as a limiting factor for their recovery.

Lake trout are well adapted to cold, clear, oligotrophic condition and most of offshore and
nearshore areas of Lake Superior comprises important habitat for lake trout at some life stage.
Lake trout historically spawned at an estimated 337 sites in the main basin of Lake Superior, of
which 210 were along the mainland and 127 offshore or along island shorelines (Table 6-27).

Approximately one-half of the total sites were in Canadian waters, with a greater proportion of
the offshore sites. Lake trout typically spawn over coarse substrates (e.g. boulder and cobble)
with little or no fine material on offshore reefs and shoals or on points extending into deep water
(Marsden and others 1995). In Minnesota, shallow water habitats (<20 m) had a greater
proportion of good spawning habitat with coarse substrate than deeper habitats which tended to
have more fine materials (Richards and others 1999).

Lake Superior lake trout consist of a number of reproductively isolated stocks distinguished from
each other by differences in the shape of the snout, body shape, coloration, fat content, size of the
eye, and thickness of the abdominal wall. Although up to 12 variants have been identified, three
main forms are recognised, leans, siscowets, and humpers (Goodier 1981).

Lean lake trout typically inhabit nearshore waters less than 80 m deep, shallow offshore reefs,
and the nearshore waters around the islands in Lake Superior. Lean lake trout spawning grounds
are found in both nearshore and offshore areas in <80 m of water. Approximately 23 percent or
1.9 million ha of Lake Superior is less than about 80 m deep, but in U.S. waters only 12 percent
of the area <40 fa should be considered as lean lake trout spawning habitat (Ebener 1998). A
similar proportion may be suitable in Canadian waters. Lean lake trout spawn offshore at the
Gull Islands, Superior Shoal Stannard Rock, Caribou Island, Michipicoten Bay, and the area
north of Whitefish Bay.
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Figure 6-57. Commercial fisheries

Nearshore spawning habitats in most of the lake are associated with the main shoreline, with the
exception of Wisconsin where almost all lean lake trout spawning habitat in the nearshore zone is
located along the outer periphery of the Apostle Islands since most of the mainland shore is sand
or clay and (MacCallum and Selgeby 1987). The Gull-Michigan Island Reef, approximately 30
km offshore is the main site of wild reproduction in Wisconsin, although limited natural
reproduction occurs at numerous other locations in Wisconsin (Swanson and Swedberg 1980).

Lean lake trout spawning habitat in harbours-bays-estuaries is found in Keweenaw, Whitefish,
Thunder, and Nipigon bays as well. Lean lake trout historically spawned in nine tributaries in
eastern Lake Superior (Goodier 1981; Ebener 1998) from the Steel to Montreal rivers. Wild lean
lake trout have been recently found in spawning condition inside the mouths of the Montreal and
Dog rivers, but spawning has not been confirmed (Ebener 1998). Lake trout also use these rivers
during the non-spawning season.
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Siscowets usually are found in deep (50-150 m), offshore waters, but they are also abundant in
nearshore waters. All water <50 fa, and much that is deeper, is considered spawning habitat for
siscowets. They spawn in deep water around offshore reefs. Siscowets appear to be more
abundant in nearshore areas relative to lean lake trout than was observed in the past.

Humpers are less common and live predominately on isolated shoals surrounded by deep waters
around Isle Royale and in eastern waters of the lake around Caribou Island (Hansen 1996). They
spawn at the most of the same offshore sites as leans, with the potential exception of Stannard

Rock.

Table 6-27 summarizes critical and important habitats for leans, siscowets and humpers (Ebener
1998). Most of the identified important habitat is in offshore areas such as Superior Shoal,
Caribou Island, Isle Royale and Stannard Rock where remnant stocks of native lake trout
persisted. Offshore habitats were critical since abundance, especially of mature wild fish never
fell as low as it did in the inshore region (MacCallum and Selgeby 1987). Stocks of lean lake
trout occupying many offshore reefs or shoals are probably genetically distinct (Ebener 1998). In
addition, they are less vulnerable to impacts from human activities than nearshore areas.
Although much of the focus has been on spawning sites, optimal habitat for other life history
stages of lake trout is also essential. However, the distribution of larval lake trout in Lake
Superior is too poorly known to accurately quantify nursery habitat for lake trout. It estimated
that about 40 percent of the waters less than 50 fa would be suitable nursery habitat for lean lake

trout.
Table 6-27 Critical and important habitat in Lake Superior for lake trout
STRAIN LIFE STAGE IMPORTANT CRITICAL HABITAT
HABITAT
Offshore(>80 m)
lean juvenile all water <91 m Stannard Rk. , Superior Sh., Caribou L.
non-spawning all water <146 m Stannard Rk. , Superior Sh., Caribou I.
adult
siscowet egg all water > 110 m unknown
juvenile all water 80-128 m none
non-spawning all water >110 m none
adult
spawning adult all water >110 m unknown
humper egg rock substrate <60 min | Caribou L., Isle Royale, Superior Sh.
offshore areas
juvenile unknown none
non-spawning unknown none
adult
spawning adult rock substrate <60 min | Caribou I., Isle Royale, Superior Sh.
offshore areas
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Table 6-27 Critical and important habitat in Lake Superior for lake trout
STRAIN LIFE STAGE IMPORTANT CRITICAL HABITAT
HABITAT

Nearshore (<80 m)

lean egg rock substrates 0.5-30 m | rock substrates 0.5-30 m, DO>6mg/I
juvenile all water 35-80 m none
non-spawning all water 35-80 m none
adult
spawning adult | rock areas 0.5-30 m rock substrates 0.5-30 m
siscowet egg unknown unknown
juvenile all water <80 m none
non-spawning water 36-80 m none
adult
spawning adult | unknown, probably very | unknown
little
humper egg rock substrate <60 m water <60 m Caribou L., Isle Royale, Superior
Sh.
juvenile offshore banks Isle none
Royale, Caribou Is.
non-spawning offshore banks Isle none
adult Royale, Caribou Is.
spawning adult | rock substrate < 60 m water <60 m Caribou ., Isle Royale, Superior
Sh.
Tributaries
lean egg eastern Lake Superior Montreal & Dog (University) rivers
tributaries
juvenile eastern Lake Superior Montreal & Dog (University) rivers

tributaries

However, the effects have not been thoroughly evaluated in Lake Superior fish. Lake trout
habitat can be adversely affected by toxic pollutants, poor water quality, watershed misuse,
sedimentation, eutrophication, and residential and commercial development (Hansen 1996).
Industrial pollution in the form of low-level contamination by organic pollutants and metals may
have had effects on the health and reproduction of lake trout (especially fatty siscowets) (Busiahn
1990), however, the effects have not been thoroughly evaluated in Lake Superior fishes.
Relatively shallow water directly adjacent to the shore is important as potential spawning areas
for lake trout but such areas are frequently impacted by upland land uses (Richards and others
1999), at least on the American side. Wood fibre effluent from a mill negatively impacts of lake
trout spawning grounds in Terrace Bay and mine tailing at the North & South degrade lake trout
habitat (Ebener 1998). The Montreal river population of lake trout may currently be limited by
habitat due to fluctuating water levels caused by a hydroelectric facility (Ebener 1998).

The Lake Trout Restoration Plan for Lake Superior (Hansen 1996) recommended that an atlas of
lake trout spawning grounds be developed. General locations of lake trout spawning habitats
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need to be ground-truthed. Habitat that is essential for lake trout reproduction and survival
should be identified, mapped and protected (Busiahn 1990). Progress has been made in

Minnesota, where lake trout spawning habitat along 65 km” of waters less than 30 m deep

Minnesota's North Shore has been surveyed using remote hydro-acoustic techniques coupled

with a GPS and GIS (Richards and others 1999).

Number of spawning sites taken from Coberly and Horrall (1980), Goodyear and others (1981)
and Goodier (1981) and includes present day as well as historically important areas. Spawning
habitat is considered to be <5 fa deep. Average CPUE, wild fish, and mortality for U. S. and

Canadian waters adjusted for area <40 fa and <50 fa deep, respectively.

Table 6-28  Estimated quantity of total, spawning, and nursery habitat, and biological parameters
for lake trout in each management unit in Lake Superior
Mgt Total habitat (ha) No. spawning sites Spawning Nursery habitat . .
unit habitat Biological parameters
Years Survey Wild Annual
CPUE? fish* mortality’®
(%) (%)
total <40 fa' onshore offshore (ha) [% area? (ha) % arca’

MI-1 573,003] 49,645 18 2| 13,600 27 1,200 2 1993-95 16 98 29
MI-2 636,599| 87,786 7 0 4800 5 1,200 1 1996 34 87 45
MI-3 620,654| 64,674 10 0 4625 7 1,200 2 1996 7 91 41
MI-4 622,657| 132,146 15 7| 15,213 12 2,300 2 1996 14 88 51
MI-5 367,935 76,385 13 0l 4,290 6 14,500 19 1996 32 83 42
MI-6 761,196] 74,934 7 3| 36,600 49 71,500 95 1996 45 90 58
MI-7 411,881 81,697 1 5|1 31,300 38 42,800 52 1996 18 94 54
MI-8 179,626| 176,868 2 1| 14,300 8 40,100 23 1996 10 17 68
WI-1 107,408| 48,513 1 0 12 0 0 0] 1995 & 97 20 42 36
WI-2 400,703 231,797 12 23 7,773 3] 266,131 115 1995 & 97 18 71 37
MN-1 107,723 57,185 8 0l 5,700 10 1,190 2 1996 34 45 45
MN-2 173,567 7,955 9 0 400 5 430 5 1996 7 20 40
MN-3 358,789 14,899 21 0 1,200 8 4,500 30 1996 26 70 45
Subtot. 5,321,741(1,104,485 124 41| 139,813 13| 447,051 40 1993-97 21 69 48

1 33,366 33,046 4 2 1992-96 90 <45

2 22,451 22,440 0 4 1992-96 47 <45

3 10,922 9,765 1 1 1992-96 100 <45

4 13,871 13,871 3 3 1992-96 44

5 41,614 25,361 5 1 22

6 46,285 5,875 3 2 1992-96 46

7 60,139 60,139 2 0 1992-96 16

8 4,431 3,409

9 101,191 28,759 11 3 1992-96 37

10 39,818 39,818 3 6

11 35,627 31,229 1 6 1992-96 34

12 105,284 14,218 0 10 1992-96 36

13 91,264 0

14 27,415 2,784 0 3 1992-96 185
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Table 6-28  Estimated quantity of total, spawning, and nursery habitat, and biological parameters
for lake trout in each management unit in Lake Superior

Mgt Total habitat (ha) No. spawning sites Spawning Nursery habitat . .
unit habitat Biological parameters
Years Survey Wild Annual
CPUE’ fish* mortality®
(%) (%)
total <40 fa' onshore offshore (ha) [% area’ (ha) % arca’
15 209,058 0
16 45632 2,192 0 4 1992-96 318
17 119784 919
18 67,572 17,485 9 8 110
19 72,227 26,510 9 0 1992-96 27
20 119,784 13,209
21 159,712 23
22 204,436 0
23 99,844 10,240 8 0 1992-96 68 <45
24 137,912 26,158 5 0 1992-96 51 <45
25 109,766 6,347
26 49,287 15,657 15 291
27 182,150| 57,232 0 3 1992-96 270
28 88,909 43,661 10 0 1992-96 52 23
29 79,856| 10,681 0 0 280
30 114,080 0 0 0 1992-96 229 <45
31 90,303| 51,997 2 11 1987-92 11 45 42
32 77,099 2,552 0 0 1992-96 273 <45
33 131,729 90,707 4 3 1987-92 8 35 69
34 47,452| 44,409 6 1 1987-92 7 2 63
Subtot 2,840,270 710,693 86 86 0 0 0 0 1992-96 61 <45
Total 8,162,011|1,815,178 210 127( 139,813 0| 447,051 0

'Canadian waters is < 50 fa deep

*Percent of areas < 40 fa deep in U. S. waters

3CPUE is fish per 1,000 ft. of survey gill net in U. S. waters and in Canada CPUE is based on
commercial catches and expressed as kg/km

‘In MN-1, MN-2, and MN-2 is percent of fish <635 mm total length.

*Mortality rates are for ages 5-9 in 1996-97 for MI-8, whereas ages 9-12 MI-3 through MI-7.

6.1.11.5 Lake Whitefish

Lake whitefish are not generally habitat-limited in Lake Superior. Lake whitefish spawn on sand,
gravel and rock substrates in 2-23 m (usually <5m) of water from late October to early December
at water temperatures of 0.5-5.5°C (Ebener 1998). Upon hatching in the spring, the pelagic
larvae float with the currents and often accumulate in embayments (Reckahn 1970). During the
first summer, young lake whitefish (age-0) are believed to be associated with the 17°C isotherm
in bays and estuaries until they switch from a planktivorous to a benthic diet and move to colder
and deeper water in the fall. Juvenile and adult lake trout feed primarily on feeding on benthic
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invertebrates over soft bottom areas (primarily sand and silt) from the nearshore to offshore
waters <73 m deep. Adult lake whitefish often return to shallower waters in the spring to feed on
emerging mayflies (Goodier 1982). Most adult whitefish remain within 40 km of natal
spawning grounds, which has led to the differentiation of semi-discrete stocks (Lawrie and
Rahrer 1973).

Coberly and Horrall (1980), Goodier (1981) and Goodyear and others (1981) have summarized
the general location of lake whitefish spawning grounds in Lake Superior. These areas are
considered critical spawning habitat, and are generally restricted to nearshore and harbour-bays-
estuaries habitats. Current whitefish spawning grounds are located in the Apostle Islands, along
the Keweenaw Peninsula, and in Whitefish Bay. Lake whitefish spawn off Isle Royale but there
is very little whitefish spawning habitat in western Wisconsin waters, Minnesota waters and
along the northeastern Canadian shoreline.

Approximately 123,000 ha or 11 percent of the water <40 fa deep is considered lake whitefish
spawning habitat. As much as 300,000 ha of suitable lake whitefish nursery habitat may be
available in Lake Superior, but this estimate is very unreliable (Ebener 1998). Lake whitefish
historically spawned at 106 sites, 60 of which were in nearshore areas and the remainder on the
outside of islands. Ten sites were located in harbour-bays-estuaries habitats. Most (90) sites
were in U.S. waters. Lake whitefish historically spawned in the St. Louis estuary, the
Michipicoten, White, University (Dog) and Kaminstiquia rivers, and St. Mary's River above the
rapids (Lawrie and Rahrere 1972, Goodier 1982). Spawning populations are still known from
the Anna River near Munising (Ebener 1998).

Nearshore habitat bordered by beaches and sandy bays are critical both as spawning habitat and
food sources for adults. These areas require protection from dredging, shoreline development,
contaminants, and localized increase in nutrients. Illegal dredging of spawning grounds in
Whitefish Bay negatively affects lake whitefish eggs. Mine tailing from the North and South
Entry negatively impact lake whitefish populations. Lake whitefish have been reported to contain
a wide variety of organic and metallic contaminants, such as PCBs in whitefish from Peninsula
Harbour near Marathon (ULRG 1977). Lake whitefish habitat has been degraded by the
deposition of woody debris in rivers and nearshore areas. The lake whitefish stock that
historically spawned in the St. Louis estuary was extirpated in the late 1800s because of habitat
destruction. Dredging and dumping of grain screening degraded spawning grounds in the
Kaministiquia River (Goodier 1982). Fish community objectives for Lake Superior include
restoring the presence of lake whitefish to historic spawning sites in the lake and historic
spawning tributaries (Ebener 1998).

Number of spawning sites taken from Coberly and Horrall (1980), Goodyear and others (1981)
and includes present day as well as historically important areas. Spawning habitat is considered
to be <5 fa deep. Average CPUE and mortality in U. S. and Canadian waters adjusted for area
<40 fa and <50 fa deep, respectively.
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Table 6-29. Estimated quantity of total, spawning, and nursery habitat, and biological parameters for
lake whitefish in each management of Lake Superior

Mgt Total habitat (ha) No. spawning sites Spawning habitat | Nursery habitat Biological parameters
unit
Years CPUE' Annual
mortality
total <40 fa' on shore off shore (ha) % area’| (ha) |% area’
MI-1 573,003| 49,645 9 0 628 1 1978-81 55
MI-2 636,599 87,786 0 0 300 0 700 1 1996 160 45
MI-3 620,654| 64,674 7 0 400 1 600 1 1996 130 78
MI-4 622,657| 132,146 14 2 500 0 800 1 1996 72 73
MI-5 367,935 76,385 2 1 18,600 24 4,700 6| 1994-96 71 30,
MI-6 761,196| 74,934 9 0 52,500 70| 37,000 49 1996 57 50
MI-7 411,881 81,697 1 0 13,000 16| 20,000 24 1996 156 53
MI-8 179,626 176,868 6 0 25,500 14] 39,500 22 1996 93 57
WI-1 107,408| 48,513 2 0 162 0 0 0 20
WI-2 400,703 231,797 4 35 8,500 4| 187,023 81 1996 126 73
MN-1 107,723 57,185 0 0 0 0 0 0
MN-2 173,567 7,955 5 0 0 0 7,955 100
MN-3 358,789 14,899 2 0 3,000 20 0 0
Subtot. | 5,321,741|1,104,485 61 38 123,090 11] 298,278 27 104 63
1 33,366| 33,046 1 1992-96 427 <45
2 22,451 22,440 1 1992-96 184
3 10,922 9,765 1992-96 102
4 13,871 13,871 1992-96 132
5 41,614 25,361 1992-96 129
6 46,285 5,875 1992-96 88
7 60,139| 60,139 1992-96 88 <45
8 4,431 3,409
9 101,191 28,759 1992-96 140
10 39,818 39,818
11 35,627 31,229 1992-96 74
12 105,284 14,218 1992-96 200
13 91,264 0
14 27,415 2,784 1992-96 5
15 209,058 0
16 45,632 2,192 1992-96 0
17 119,784 919
18 67,572 17,485 1992-96 59
19 72,227 26,510 1992-96 79
20 119,784 13,209
21 159,712 23
22 204,436 0
23 99,844| 10,240 1992-96 143 <45
24 137,912 26,158 1992-96 76 <45
25 109,766 6,347
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Table 6-29. Estimated quantity of total, spawning, and nursery habitat, and biological parameters for

lake whitefish in each management of Lake Superior

Mgt Total habitat (ha) No. spawning sites Spawning habitat | Nursery habitat Biological parameters
unit
Years CPUE' Annual
mortality
total <40 fa' on shore off shore (ha) % area’| (ha) |% area’
26 49,287 15,657 1992-96 109
27 182,150( 57,232
28 88,909| 43,661 1992-96 152 <45
29 79,856] 10,681
30 114,080 0
31 90,303| 51,997 1992-96 108 68
32 77,099 2,552
33 131,729 90,707 2 1 1992-96 99 39
34 47,452 44,409 1 1 1992-96 151 36
Subtot. | 2,840,270| 710,693 5 2 1992-96 131 <45
Total 8,162,011|1,815,178 66 40 123,090 0] 298,278 0 114

!Canadian waters is < 50 fa deep.
*Percent of areas < 40 fa deep in U. S. waters
3CPUE is expressed as kilograms per kilometer of gill net.

6.1.11.6 Woodland Caribou

Woodland caribou formerly inhabited most of the Lake Superior Basin. By the late 1800’s, their
numbers were declining and their range was receding northward. Caribou disappeared from the
US part of the basin by the early 1940’s (Hazard 1982) and they are now extirpated from
Michigan, Wisconsin and Minnesota. In Ontario, the southern limit of caribou range receded
from the northshore of Lake Superior in 1900 to northern Lake Nipigon at present (Figure 6-58).
North of this line, caribou are more or less continuously distributed. Remnant populations are on
the Slate Islands (several hundred animals), Pic Island, Neys Provincial Park, Pukaskwa National
Park and Michipicoten Island (introduced) (Harris 1999). Status is under review in Ontario
(Harris 1999).

Caribou range recession is due to increased human activity. Logging and human settlement
caused forest fragmentation and loss of mature coniferous forest cover. Populations of moose and
white-tailed deer increased with the changes in forest landscape. In Ontario, at least, wolves
increased in response to the increased prey availability. Increased wolf predation, combined with
increased hunting pressure, caused greater mortality for caribou. Their relatively low
reproductive rate meant that caribou could not compensate for the increased mortality. Today,
caribou within the Lake Superior Basin are restricted islands and other areas where they can
avoid wolves, and where logging has not fragmented the landscape.
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Forest management guidelines have recently been implemented in Ontario to protect caribou
habitat by reducing forest fragmentation, protecting calving areas and minimizing human
disturbance (Racey and others 1999).

Figure 6-58. Historical and present distribution of woodland caribou in the Lake Superior
basin.

Dotted lines indicate southern limits of caribou distribution at various periods. Numbers
indicate remnant herds: 1 — Slate Islands, 2 — Neys, Pic Island, 3 — Pukaskwa, 4 —
Michipicoten Island (adapted from Darby and others 1989 and Armstrong 1998).

6.1.11.7 Trumpeter Swan

Trumpeter swan (Cygnus buccinator) is Threatened in Michigan and Endangered in Wisconsin.
Their historic breeding range may have included most of the Lake Superior Basin, but there is
little documentation. Trumpeter swans nested in Minnesota and Wisconsin until the 1880s
(WIDNR 1999b). There is no conclusive evidence that they ever nested in Ontario (Austen and
others 1994).

Trumpeter swans were extirpated from much of their former range due to market hunting and the
millinery trade. Restoration efforts since the late 1960°s have lead to the establishment of a
several flocks.
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Important habitats are large shallow water wetlands with interspersion of open water and
emergent vegetation. Isolation from human disturbance is important. Rivers that maintain open
water throughout the winter are critical for over-wintering flocks (WI DNR 1999b).

Habitat-related threats to restoration include draining and filling wetlands and degradation of
wetland habitat by invasions of exotic species such as mute swans, carp and purple loosestrife
(WIDNR 1999b). Variations in outflow from hydroelectric dams in winter may threaten
overwintering birds by reducing open water habitat (WI DNR 1999b). Recovery plans are in
place for Minnesota, Wisconsin, Michigan and Ontario and focus on release of captive birds (WI
DNR 1999b).

6.1.11.8 Neotropical Migrant Birds

Neotropical migrant landbirds include 143 species that breed in North America and winter south
of the United States (Thomson and others 1992). Approximately 70 percent of these species
breed within the Lake Superior basin. Many neotropical migrant landbirds are declining
markedly, and the following species have experienced the most significant declines in the basin:
yellow-billed cuckoo, bank swallow, bobolink, whip-poor-will, Nashville warbler and wood
thrush (Thomson and others 1992). Various factors have been implicated in the decline,
including changes in forest structure in breeding habitat in North America, deforestation on
neotropical wintering grounds, increased levels of brood parasitism by cowbirds (linked with
habitat fragmentation) (Terborgh 1989). Many area-sensitive neotropical migrants that are found
in the basin e.g., veery, black-and-white warbler, ovenbird, and northern waterthrush, are
particularly vulnerable to forest fragmentation (Robbins and others 1989).

Thomson and others (1992) evaluated the status of neotropical migrants from the midwest (3
provinces and 14 states) based on breeding ground threats, population trends and the importance
of the region to the species. The species of most management concern whose ranges encompass
most or all of the basin included the chestnut-sided, bay-breasted, Connecticut, Nashville and
Canada warblers. The Lake Superior basin represents a significant portion of the breeding
habitat, and although they are still relatively common in the basin (Cadman and others 1987),
their populations show a long-term decline. Current and past timber extraction may be
differentially affecting the breeding success of these and other neotropical migrants. Connecticut
and Nashville warblers are most abundant in mature conifer forests, whereas chestnut-sided, bay-
breasted and Canada warblers commonly use younger successional hardwood and mixedwood
forests, which have increased in extent within the basin. In a northern hardwood forest in New

York, numbers of both chestnut-sided and Canada warblers increased in response to logging.
(Webb and others1977)

Although the Lake Superior basin is not on a major migratory flyway, significant numbers of
birds migrate through the basin. Lake Superior represents a considerable obstacle, so many birds
follow either the eastern or western shore, or use the Slate Islands, Isle Royale, Michipicoten and
Caribou islands as they hop cross from the north to south shore (particularly the Keweenaw
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Peninsula). Bird observatories at Thunder Cape (on the Sibley Peninsula) and Whitefish Point
(50 km NW of Sault St. Marie) are well-located for monitoring migrating songbirds, raptors,
owls and waterbirds. At Thunder Cape, the most commonly banded species include black-
capped chickadee, dark-eyed junco, yellow-rumped warbler, Swainson's thrush and palm
warbler. Good numbers of sharp-shinned hawks and northern saw-whet owls are also banded.
Black-capped chickadee, Swainson's thrush, golden-crowned kinglet, yellow-rumped warbler,
Nashville warbler, and Tennessee warbler are commonly sampled at Whitefish Point. Nine sites
along the north shore of Lake Superior have been identified as potential IBA's (important bird
area) by Birdlife International. Many of these sites are important migration staging or stopover
areas (e.g. Thunder Cape, Whitefish Point).

6.1.12 Areas of Quality

The Binational Program’s Habitat Committee has developed ecological criteria for identifying
components of the Lake Superior system that warrant special attention. Areas of quality include
significant ecosystems, communities and species habitat.

Addendum 6-D is an inventory of important habitat sites in the Lake Superior basin.

6.1.13 Stresses on the Ecosystem

6.1.13.1 Changes in Forest Composition

Not only has the total area of forests in the Lake Superior basin been reduced since historical
times, the species composition is different. Pre-settlement forests on the U.S. side of the basin
were predominately spruce-fir (41 percent) particularly in Minnesota, or northern hardwood (39
percent) in Wisconsin and Michigan (Figure 6-59). Fire-dependent forests of white, red, jack
pine combined accounted for 14.8 percent and aspen-birch represented only 1.4 percent. In the
U.S. portion of the basin, pioneer species such as aspen are now more abundant than before
settlement (Frelich 1995). For example, in the protected Porcupine Mountains and Sylvania
Wilderness northern hardwoods predominate as in historical times, and aspen-birch stands
represent only about 1.4 percent of the forest. However in surrounding commercial forests,
approximately 23 percent is aspen-birch dominated (Frelich 1995). Increased browsing of
hemlock by deer has contributed recruitment failure and a gradual conversion of hemlock stands
to northern hardwoods and spruce-fir where white-tailed deer numbers are well above historic
levels (Frelich and Lorimer 1985).

Red and white pine have been much reduced in abundance on both sides of the border due to
selective timber harvest near the turn of the century, blister rust, and fire suppression (see White
Pine). In Canadian boreal forests, no comprehensive data are available describing the pre-
settlement forests of the basin. However, it appears that balsam fir, balsam poplar, and aspen
have increased due to fire suppression and extensive selective harvesting of the spruce, pine, and
cedar component.
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Figure 6-59. Historic forest cover in the U.S. portion of the Lake Superior Basin

The age structure of forests in the Lake Superior basin has also changed with respect to pre-
settlement forests. In the predominately boreal forests of the Canadian portion of the Lake
Superior basin, there are fewer very young forests than expected under natural conditions.
Commercial forests for all of Ontario are dominated by 40- to 80-year age classes (Figure 6-60)
(OMNR 1986), and this pattern is expected to hold true for those of the Lake Superior basin.
Under natural fire regimes, a more or less negative exponential age class distribution is expected
on a landscape scale, with most of the area in very young age classes i.e,. <20 years (Van Wagner
1978). The lengthening of the fire interval from approximately 65 years to over 500 years due to
active fire suppression in this century is primarily responsible for this shift in age class
distribution (Ward and Tithecott 1993). At the same time, there is less old growth red and white
pine in fire-driven Great Lake St. Lawrence forests on both sides of the basin, primarily due to
selective harvesting (see Old Growth/White Pine). In comparison, there is less old forest, and
more young and mature northern hardwood, hemlock and oak forests within the Lake Superior
basin than in pre-settlement times. This is as a direct result of the clearing of forests for timber,
agriculture and development.
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Figure 6-60. Age class structure of the Ontario commercial forest
(OMNR 1986).

6.1.13.2 White Pine

White pine are of special significant in the Lake Superior basin due to concerns about logging in
"old growth" stands, its commercial importance, biodiversity, decline, cultural significance
(historical, aesthetics). The present white pine range in the Lake Superior basin includes all of the
lake states and areas of predominately Great Lakes St. Lawrence forest along the border with
Minnesota and north of Sault Ste Marie. Approximately 3,500,000 ha or 1.9 percent of the forest
in northwestern Ontario has at least 10 percent white pine in the overstory (Simson 1993).
Approximately 65 percent of the white pine occur as a 10 percent component in stands

In much of the basin, white pine is an uncommon component of the forest and found in small,
widely distributed stands that are isolated from each other and vulnerable to loss (Simpson
1996). The vast majority of the white pine in northwestern Ontario is not found in pure stands
but as mixed woods in association with black spruce, balsam fir, jack pine, trembling aspen,
white birch and red pine (Perera and Baldwin 1993). Only 13 percent of all the white pine in
northwestern Ontario are in stands defined as white pine by the Ontario white pine working
group. In 65 percent of stands with white pine, the species accounts for only 10 percent of the
basal area (Bowling and Niznowski 1996). Carlton and Arnup (1993) have suggested that red
and white pine forests are generally restricted to four physiographic site groups:
1)  Conifer-dominated stands on dry, infertile, very shallow soils over bedrock, with low
white pine site index.
2)  Conifer-dominated stands on dry to fresh, deep, sandy soils of glaciofluvial origin, with
medium white pine site index.
3) Mixed conifer-hardwood stands on dry to moist shallow coarse loamy soils of morainal
origin, often on slopes, with medium to high white pine site index.
4)  Mixed conifer-hardwood stands on deep, coarse loamy, fine loamy or silty soils of
morainal or lacustrine origin, usually with level topography, with high white pine site
index.

Mature white pine forests have been replaced by spruce-fir forests due to selective harvesting of
white pine in the early 20th century and fire suppression. White pine harvest reached a peak
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between 1890 and 1910. For example, white pine has decreased from 37.5 percent of the
presettlement forests in BWCA to 10.2 percent currently, and from 29.5 percent to 5.9 percent in
adjacent commercial forests (Heinselman 1973; Frelich 1995). The age class distribution of
white pine in white pine working group stands in northwestern Ontario is skewed to the older age
classes. For example, all 1177 ha (excluding barren and scattered) of white pine on the Thunder
Bay Crown Unit were >80 years, with 3 percent greater than 121 years of age (Bowling and
Niznowski 1996). The low abundance of younger age classes is a result of poor regeneration due
to fire suppression. Replacement of old white pine as they die of old age, by fir, spruce, and
shade tolerant hardwoods has occurred in northern Minnesota (Heinselman 1973) due to fire
suppression activities. The lack of forest fires discourages successful white pine regeneration
and is a major factor in its slow recovery in Ontario mixedwoods (Bowling and Niznowski
1996). In the absence of major disturbance, the pine component is expected to decline and be
replaced by hardwoods and shade-tolerant conifers such as balsam fir and white spruce.

6.1.13.3 Forest Fragmentation

Forest fragmentation is a landscape-level process in which forested areas are subdivided into
smaller, geometrically more complex, and increasingly isolated patches (Harris 1984). Forest
fragmentation results from natural processes such as wildfire, wind, insects and climate effects,
in combination with human land use activities e.g., urbanization and deforestation due to timber
extraction and clearing for agriculture. Human activities may also affect patterns of natural
disturbances, as in the case of fire suppression.

Forest fragmentation is one of the most prevalent landscape change occurring within the Lake
superior basin. It is recognized as a major cause in declining biodiversity (Whitcome and others
1981). For example, habitat loss as a result of forest fragmentation was a factor in the extirpation
species such bison, elk, cougar, wolverine and black bear from all or much of their range in the
Lake Superior basin (Matthiae and Stearns 1981). The target for forest fragmentation identified
in Ecosystem Principles and Objectives is:

No further increase in forest fragmentation in the Lake Superior basin as measured by
several complementary indices of landscape composition and pattern. A decrease from
the current level of fragmentation is desirable

Landscape indices or metrics that are typically calculated to determine the degree of forest
fragmentation include:

e Class area is the amount ( percent or ha) of watershed comprised by the class, in this case
closed-canopy forest. It is equivalent to a measure of habitat loss or grain.

e Mean patch size is the average size of patches (ha). Smaller habitat patches indicate and
increase in forest fragmentation.
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e Total Forest Edge is the total length of forest edge on the landscape. It may be a critical
measurement of forest fragmentation since many of the adverse effects of fragmentation area
related to edge effects (McGarigal and Marks 1993). Edge effects caused by the differences
in wind and light intensity along the edge of forest patches affect vegetation and the
juxtaposition of different habitat types are considered of great importance to wildlife species.

e Mean core area is the average size of disjunct core area patches in ha. Core areas are the
interior area of a landscape patch defined by a core area buffer distance (width of the edge
effects). Core buffer distances are species dependent, but 200 m is often considered the
distance at which edge effects are attenuated. Core areas are particularly important for forest
interior species such as hermit thrushes that are adversely affected by edge effects like
increased predation and brood parasitism (Wilcove 1985). It differentiates between forest
patches with similar overall area but different shapes since patches that are more circular in
shape have a higher amount of core area than more linear or irregular-shaped patches.

e Core Area Standard Deviation is a measure of patch size variability that indicates whether
only a patch size is evenly distributed, or rather there are a few very large and many small
patches. This can be reported as a statistic and/or presented as a frequency distribution

e Mean nearest-neighbour distance is the average distance between forest patches. It can
affect mea-population dynamics of spatially divided populations and plays an important role
in the conservation of endangered species.

A spatial pattern analysis program Patch Analyst (Rempel and others 1999) that is based on
FRAGSTATS (McGarigal and Marks 1993) was used to analyse forest distribution in the Lake
Superior Basin. Landsat TM satellite coverage classified by land use was used to derive metrics
separately for mature, closed canopy forest cover for conifer, mixedwood and hardwood forests.
At this level of resolution (200 x 200 m pixel), it appears the forests of the Lake Superior basin
are not very fragmented. A total of 10,687,872 ha or 85 percent of the land base of the Lake
Superior basin (excluding Lake Nipigon and Lake Superior itself) is classed as either conifer,
hardwood or a combination. The 2393 patches averaged 4466 ha in area (median 8 ha),
indicating that a few large patches comprised the vast majority of the total area. Total edge was
111,273 km for an edge density of 5.29 m/ha. However, at this scale of resolution, fragmentation
metrics do not account for the effect of roads, and the landscape appears less fragmented than it
is when roads are considered.

Forests in the basin are often fragmented by roads, which create an edge environment and often
pose a barrier to movement of smaller animal species. Roadless wilderness, i.e. forest that is at
least 1 km from all roads, accounts for 3,444,635 ha or approximately 44 percent of the Canadian
portion of the basin (excluding Lake Nipigon). Most of the patches of the 1960 roadless
wilderness are less than 1000 ha, but the vast majority (80 percent) of the total area is comprised
in several large patches >10,000 ha each. These tracts are located around Pukaskwa National
Park, east of Lake Superior Provincial Park, in the Schreiber Highlands, and west of Lake
Nipigon (Figure 6-62). Mean and median patch size is 1750 ha and 20 ha respectively, indicating
a disproportionate amount of area in large patches. There are approximately 25,265 km of edge
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and an edge density 7.3 m/ha. Much of the forest has primarily been fragmented by recent clear
cuts and tertiary roads associated with timber harvesting which encompass at least 1,229,416 ha
(Figure 6-61). Much of the forest around the city of Thunder Bay that has historically been
logged and/or is privately owned is not reflected in Figure 6-61.

No estimates are currently available for roadless wilderness on the American side, but the area
(ha) and proportion of roadless wilderness are expected to be considerably less.
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Figure 6-61. Number and area of roadless wilderness patches (>1 km from nearest road) in
the Canadian portion of the Lake Superior basin
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Figure 6-62. Roadless wilderness (>1 km from nearest road) and recent cuts in the
Canadian portion of the Lake Superior basin

6.1.13.4 Pollution and Nutrient Loading

Pollution and nutrient loading have severely degraded some harbours, streams and wetlands.
While less extensive than other Great Lakes, pollution has degraded habitat on Lake Superior.

Pollutants in Lake Superior originate from a variety of sources, including point sources, non-
point sources and tributary discharge. Point sources are those originating at an identifiable point,
such as industrial effluent, waste dumping, and spills (Table 6-30). Non-point sources are more
diffuse and may originate from outside the Lake Superior Basin. Atmospheric deposition in the
form of contaminated rain, snow or dust is a major sources of some pollutants. Others include
agricultural and urban surface runoff and release of pollutants from contaminated sediments.
Tributary discharge refers to pollutants entering the lake through tributary streams transported
from elsewhere in the watershed, although ultimately these pollutants originated from point or
non-point sources.
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Table 6-30  Point sources of pollutants in the Lake Superior watershed
(LSBP 1995)
Water Sources | Air Sources Dumps
Ontario 20 27 190
Michigan 36 14 na
Minnesota 72 216 40
Wisconsin 40 5 105
Total 168 262 145

Nutrient loading is increased input of plant nutrients, such as phosphorus. While these nutrients
are not harmful at normal levels, excessive levels can have negative effects. Agricultural and
urban runoff, sewage treatment plants and faulty septic systems are sources of nutrients.

Pollutants and nutrient loading can result in loss of habitat. In addition to toxic effects, water
pollution can act as barrier to migratory fish. Point sources also have local effects on aquatic life
through thermal pollution, biological oxygen demand, turbidity and bacterial contamination.

Nutrient loading can cause shifts in wetland vegetation. By encouraging species tolerant of high
fertility (such as cattails), nutrient enrichment can cause reduced diversity of plant communities
and loss of rare species and (Maynard and Wilcox 1997). Enhanced growth of algae and
submergent plants, can cause oxygen depletion as the plants die and decompose.

Loss of fish and wildlife habitat due to pollution and nutrient enrichment is a local problem on
Lake Superior. Habitat loss due to contamination has been identified at six of the seven Areas of
Concern. However, these sites are typically at bays and estuaries, among the richest and most
diverse habitats on the lake, and the consequences extend throughout the lake.

6.1.13.5 Sedimentation

Natural sedimentation processes of erosion, transport and deposition are essential for maintaining
healthy coastal wetlands and sand dunes (Wilcox and Whillans 1999). Sediments can form
barrier beaches and sand spits that protect wetlands. Some wetlands depend on sediment inputs
to maintain vegetation. Active sand dunes are in a continuous state of flux as sand is deposited
and eroded.

Man-made structures disrupt these processes. Breakwalls and revetments are structures placed
parallel with the shoreline to enclose a harbour. Unintended side effects include scouring of
sediments on the lakeside and increased erosion down wind as wave energy is transferred parallel
with the wall. During high water levels, marshes inside the breakwall can be flooded out
(Maynard and Wilcox 1997).

Groins are low walls constructed perpendicular to the shore. They are installed to protect
beaches by intercepting longshore and beach drift. However, marshes and dunes that are eroded
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by storms may not be replenished if the supply of sediments is trapped by man-made structures
(Maynard and Wilcox 1997). Similarly, dams on tributary rivers trap sediment that previously
nourished estuarine wetlands. Wilcox and Whillans (1999) recommend improved designs for
breakwalls and other erosion protection structures that incorporate the principles of
sedimentation processes.

Excessive sedimentation from upland sources can also impair aquatic habitats. Increased erosion
from agriculture, lake-level changes, logging, and urban land use can increase sediment
deposition in streams, smothering fish spawning substrate and causing excessive turbidity.

The extent and magnitude of these impacts on Lake Superior habitats are unknown, but they are
probably greater on the south shore than the north.

6.1.13.6 Exotic Species

Exotic species of plants and animals threaten habitat in a number of ways. Although there are
hundreds of exotic species in the Basin, only a few are invasive enough to threaten natural
habitats. This section discusses a few species with actual or potential impacts on habitat in the
Lake Superior Basin, especially wetlands, aquatic and shoreline environments.

The risk of introduction of exotics to Lake Superior continues to be high. Increased ship traffic
represents an enormous risk for the introduction of exotics. Trans-Atlantic ships are increasingly
fast, increasing the likelihood that exotic organisms picked up in foreign ballast water will
survive the passage. With improving water quality in Lake Superior harbors, recently arrived
exotics are more likely to survive and reproduce. Currently, Canada and the United States only
have voluntary guidelines in place regulating ballast water discharge. Effective legislation and
compliance monitoring is required to regulate discharge of tanker ballast water. In addition,
public education programs are essential to minimize further spread of introduced exotics. Most
introduced species are impossible to eradicate, so prevention is the best measure.

Purple Loosestrife

Purple loosestrife is a well-known invasive plant of wetlands. Impacts of purple loosestrife can
be severe. It has displaced up to 50 percent of the native plant biomass in some wetlands.
Impacts on wildlife are not well understood, but some studies suggest serious declines in
waterfowl and furbearers productivity in loosestrife infested wetlands (Thompson and others
1987). Competition with rare plant species is also a concern.

In the Lake Superior Basin, purple loosestrife is found around Thunder Bay, Duluth / Superior,
Sault Ste. Marie and scattered other locations (Figure 6-63). It grows extensively along the
Kaministiquia River and at number of other areas around Thunder Bay and north to Hurkett
(David Ellingwood, LRCA, personal communication). Purple loosestrife is prevalent in the Sault
Ste Marie area and the St. Mary’s River (Sue Greenwood, OMNR personal communication). In
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Wisconsin, purple loosestrife is widespread, but still at low density in most areas, occurring in
only about 5 percent of the total wetland area statewide (WI DNR 1999).

Control efforts have been introduced by At Thunder Bay, the Lakehead Region Conservation
Authority has implemented control by digging plants and the introduction of beetles (Galerucella
spp) that feed on loosestrife. The use of beetles has had mixed results (David Ellingwood
personal communication). Minnesota has a statewide control program using herbicides and
biological control (Skinner and others 1994). In Wisconsin, there are limited control programs in
place by the Bad River Indian Reserve and the Apostle Islands Nationals Seashore (Gary
Czypinski, personal communication).

Figure 6-63. Approximate distribution of purple loosestrife in the Lake Superior basin
Local occurences exist outside the shaded zones (Skinner and others 1994, Voss 1985,
White and others 1993, WI DNR 1999)

Eurasian Water Milfoil

Eurasian water milfoil (Myriophyllum spicatum) is an extremely aggressive submergent plant
native to Eurasia and Africa. It spread to inland lakes in the Wisconsin Basin by the 1980s, and
was present in shallow bays of Lake Superior by 1993 (WI DNR 1999). In 1999 it was
discovered in Lake Superior at Thunder Bay, but is suspected of being present for a number of
years. It is not known elsewhere in the Ontario Basin (A.G. Harris personal observation).
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Its preferred habitat is fertile, mineral sediments in eutrophic, nutrient-rich lakes. It is an
opportunistic species that prefers highly disturbed lake beds, lakes receiving nitrogen and
phosphorous-laden runoff (WI DNR 1999).

Dense stands of Eurasian water milfoil can alter nutrient cycling from the sediments to the water
column and may lead to low oxygen levels and algae blooms. It displaces native plants. Some
stands are dense enough to obstruct water intakes and inhibit swimming, boating, and fishing
(WIDNR 1999).

Eurasian milfoil is unlikely to become widespread in Lake Superior due to its oligotrophic nature
and fast water of most of its tributaries, but warmer, nutrient-rich bays and inland waters are
vulnerable.

It reproduces from vegetative fragments and can be inadvertently transported between water
bodies by boats. Control measures have focused on increasing public awareness of the necessity
to remove weed fragments at boat landings. Mechanical and biological controls are being
attempted in Wisconsin (WI DNR 1999)

Other Plants

Other potentially invasive exotic plants include reed canary grass (Phalaris arundinacea) (W1
DNR 1999), giant reed (Phragmites australis), glossy buckthorm (Rhamnus frangula), queen of
the meadow (Filipendula ulmaria), valarian (Valeriana officinalis) (Epstein and others 1997).
These species are found in the Basin, but are not yet wide spread.

Gypsy Moth

Gypsy moth (Lymantria dispar) is one of North America's most devastating forest pests (USDA
1998). It was deliberately introduced to the US in the late 1800°s and had spread to the eastern
part of the Lake Superior Basin by the early 1990’s (USDA 1998).

Widespread defoliation of forest stands occurs in peak years. Oaks are the preferred larval food,
but other hardwood trees are also eaten. The impacts of defoliation on the forest ecosystem are
not well understood, but probably cause reduce growth and survival of oaks, perhaps eventually
leading to a shift in forest composition to less vulnerable species (USDA 1998).

Gypsy moths have been recorded in all of the Lake States and have infested the Upper Peninsula
of Michigan. In Minnesota and Wisconsin, infestation is restricted to mainly urban areas but is
now spreading to rural forests (Joe Meating personal communication.). There was a major
outbreak in the Sault Ste. Marie, Ontario area in the late 1990s. Oaks are absent in most of the
Ontario Basin, and extensive infestation is unlikely north and west of Sault Ste. Marie. All the
states have monitoring programs. Control efforts have focused on slowing the spread by
eradicating isolated colonies with pesticides and biological control methods (USDA 1998).
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Zebra Mussels

Zebra mussels (Dreissena polymorpha) were introduced into the Great Lakes in the mid 1980°s
through ballast water discharge from transoceanic ships (Minnesota Sea Grant 1998).

Zebra mussels alter habitat by filtering particulate matter, including phytoplankton and some
small forms of zooplankton from the water column. This reduces the food base for many small
fish, increases water clarity and alters the nutrient flow of the lake. They also densely cover any
hard substrate, including the shells of native mollusks.

They can become established over a wide range of depth, light intensity, and temperatures, but
are rare in wave-washed zones, except for sheltered nooks and crevices.

Zebra mussels are confirmed at only a few sites on Lake Superior, including Duluth/Superior
Harbor, Chequamegon Bay and most recently Whitefish Bay (Gary Czypinski personal
communication). They are apparently not yet established on the Ontario side of Lake Superior,
but have been observed attached to ships at the Thunder Bay Port and at Indian Harbour, Lake
Superior Provincial Park (Jeff Black, personal communication, Sue Greenwood, personal
communication).

The spread of zebra mussels in Lake Superior might be limited by low calcium availability and
low summer water temperatures (below 12 degrees Celsius). As with other exotic aquatic
species, controlling the spread by increasing public awareness is key.

Rusty Crayfish

Rusty crayfish (Orconectes rusticus) is native to the southern Great Lakes states, but has spread
to lakes and streams in the Lake Superior Basin, probably by anglers using them as bait
(Gunderson 1995).

Rusty crayfish alter habitat by reducing the abundance and diversity of aquatic plants, with
consequent results on the fish, invertebrates and other species that depend on submergent
vegetation for food and cover. They also feed on aquatic invertebrates and can displace native
crayfish species (Gunderson 1995).

Rusty crayfish were discovered in 1985 in Pounsford Lake, Ontario and have since been found in
the Neebing-MclIntyre, Kaministiquia, Pigeon, and Little Pine rivers. They have invaded Pigeon
Bay on Lake Superior, and are probably now in Black Bay (Momot 1995, W.Momot, personal
communication). They are present in the Duluth/ Superior Harbor and other inland sites in
Michigan and Wisconsin (Gary Czypinski personal communication).

Control efforts have included angler education to reducing the spread of crayfish to uninfested
lakes and streams.
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6.1.13.7 Recreational Use

The waters and shoreline of Lake Superior have witnesses a significant growth in the volume and
range of water and land based recreational activities. There is however a paucity of empirical
data that quantities the impacts of leisure and recreational pursuits on water quality and shoreline
habitat. This assessment of habitat stress related to recreational activities is drawn from anecdotal
evidence from park and resource managers and members of the academic communities within the
Lake Superior basin.

Commercial and private shoreline development, specifically for holiday and leisure retreats has
significantly changed the complexion and composition of natural habitats along extended
sections of the Lake Superior shoreline. Developments, together with access roads and associated
leisure facilities are the most visible consequences of leisure and recreational use of the lake.

The development and/or expansion of marina facilities (Redrock, Nipigon and Michipocoten
Harbour in Ontario; Silver Bay and others on the Minnesota shore in various stages of advanced
planning ) reflect increases or anticipated increases in motor and sail boat traffic. Marina
facilities inevitably concentrate boating activity and may amplify the impacts of fuel spillage,
jetsam and unsanitary discharge of solid wastes. Conversely, if used as intended, marina facilities
could help mitigate some of the impacts of increased boat traffic on the lake.

Sea kayaking is one of the fastest growing recreational activity in Apostle Islands National
Lakeshore, Pukaskwa National Park and along the Rossport/ Nipigon island archipelago. Four
sea kayak symposiums are conducted annually on Lake Superior. Kayakers have the ability and a
preference to visit and camp in secluded bays and inlets. Pictured Rocks National Lakeshore as
well as other high use kayak areas have expressed a concern regarding the concentration of debris
and the unsanitary disposal of human waste in backcountry campgrounds. Monitoring plots have
been located within the Pictured Rocks area however no long-term data is yet available.

Research regarding the effects of air emissions and gas and oil leaching from two cycle engines
as found in snowmobiles and personal water craft has been conduced in some U.S national parks
(Yellowstone) however no data was located for the Lake Superior basin. Both sledding and
personal watercraft are popular recreational activities on or near Lake Superior. Aside from
emissions that may impact air and water quality, the excessive noise of these activities and the
pattern of repetitive use of trails or near shore waters may disrupt wildlife (terrestrial and aquatic)
use of otherwise suitable habitats.

Off road 4X4 trucks and all-terrain vehicles have invaded and is some instances significantly
impacted shoreline habitats. Blow outs and denuded sandscapes in the Pic River dune complex
and to a lesser extent in the Michipocten Bay area (ON) are the scars of random and repetitive
use by vehicular traffic. Similar impacts have been reported in areas within and adjacent to the
Picture Rocks National Shoreline (MI). 'Off roading' disrupts and dissects inland and shoreline
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habitats, or prompt debris accumulation and careless and disruptive use of shoreline areas for
recreational purposes.

The return of commercial cruise ships with national and international guests is a recent
phenomenon on Lake Superior. For example, The MS Columbus, carrying about 350 visitors will
make 4 cruses on Lake Superior in the summer of 2000. The docking schedule for the Columbus
is limited to major ports; however the ship does carry small watercraft that would allow guests to
disembark and explore remote and secluded shorelines. This eventuality could see repetitive,
large group use of off shore islands or otherwise secluded bays and coves.

Evaluated individually, recreational activities would appear to have an overall marginal impact
or, at worst a measurable localized impacts on the near shore and shoreline habitats of Lake
Superior. It is however the cumulative effects of the major recreational activities and the
multiplicity of associated services and facilities that supports the major recreational activities that
may erode or fracture the integrity of natural patterns and processes. For example, the activity of
deer feeding common to many property owners along the northern Minnesota shoreline will
inevitably effect some changes in white tailed deer and possibly moose distribution and
concentrations. The subtleties and extended time frame of these changes make it impossible to
link a recreational activity that is perceived to be beneficial or benign to a change or stress in the
natural habitat.

6.1.13.8 Shoreline Development

In comparison to other Great Lakes, the Lake Superior shoreline is relatively undeveloped. On
the U.S. side, substantial portions of the eastern shoreline and some sizable tracts in the western
basin are under federal or state ownership. About 90 percent of the Ontario shoreline is owned by
the provincial government. A significant portion of the Lake Superior shoreline is protected in
parks and protected areas. Despite the relatively low human population and a large degree of
protection, the success in protecting or restoring shoreline habitats varies tremendously among
the jurisdictions.

In recent years the impact of shoreline development on Lake Superior habitat has been a primary
focus in many management forums. At both the 1996 and 1998 State of Lake Ecosystem
Confer