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The Boundary Waters Canoe Area Wilderness, Quetico Provincial Wilderness Park, Voyageur
National Park and their surrounding landscape within the Rainy River Watershed (hereafter “the
Boundary Waters area”) lie within the southern boreal forests of North America (Heinselman
1996). Besides providing humans with many usable resources, such as timber, energy, drinking
water and recreation that depends on clean water (Keeler et al. 2015), boreal forests, and the
Boundary Waters specifically, provide important ecosystem services, including carbon storage and
clean water and air (Schindler & Lee 2010). Indeed, the benefits of protecting functioning,
natural ecosystems exceed the cost of such protection by a ratio of at least 100-to-1 (Balmford et
al. 2002, Costanza et al. 1997). The forests of the Boundary Waters area form a natural
ecosystem that shows relatively few effects of colonization by European Man (Heinselman 1996).
These forests support diverse plant and wildlife communities, including approximately 50 native
mammals (Powell & Powell 2016).
Mining in rock formations with metallic ores poses a major threat for boreal forests worldwide,
including threats to forest wildlife (Frelich 2013). Mine sites themselves destroy habitat for
terrestrial wildlife directly with open pit and underground mines, with pipelines, with buildings
and other facilities, with roads and railroads and with power line and other rights-of-way. Mine
sites fragment wildlife habitat, disrupting wildlife spacing patterns and migration routes. In
addition, mines affect the behavior and ecology of wildlife on the surrounding landscape.
Close-by mines, noise and light pollution interrupt wildlife behavior. Air pollution affects forest
growth and development, and thereby wildlife, over long distances from mine sites.
Mines in sulphur-bearing rock formations also pose a threat of water pollution through
leaching of acid mine drainage from tailings and waste rock into ground water, through failure of
tailings dams, through failure of and leaking from pipelines, and through failures other equipment.
Mining has been proposed for copper, nickel and other heavy metals in sulphur-bearing rock
formations in Boundary Waters area, such as the Duluth Complex. For some of the proposed
mines, the mines themselves, the processing sites, the tailings basins, or all three, are within
surface watershed or ground water flowage for the Boundary Waters Canoe Area Wilderness.
Pollution of ground water may not appear immediately but will ultimately affect surface water,
including surface water outside the surface watershed of the site of the pollution. The distribution
of sediments polluted with metals and the distribution of acidic water will affect downstream
waters and surrounding forests for tens of kilometers. The immediate deaths of fish and wildlife in
the water would be overshadowed by the long-term effects of polluted sediments on fish, wildlife
and forests that would last for decades to millennia (Kossoff et al. 2014, Lewin & Macklin 1987
[cited by Macklin et al. 2006], Macklin et al. 2006). Where plants are able to grow on polluted
sediments, heavy metals can become incorporated into the plants (Gramss & Voigt 2014, Peplow
& Edmonds 2005). The effects of polluted ground water will last for centuries to millennia
(Myers 2016). Estimates of dam failures at mine sites generally range from about 0.1% per year to

Powell - Mammals and Mining

2

over 1% per year (Baker 2013, Macklin et al. 2006) but the causes of dam failures are poorly
understood, even including how different dam structures affect failure (Kossoff et al. 2014, Yuan
et al. 2015).
The effects of a tailings dam failure in the Boundary Waters area would be catastrophic
(Kossoff et al. 2014, Yuan et al. 2013, 2015). The history of mining and the literature on tailings
dams demonstrate clearly that the probability of accidents is so high that planning for accidents is
required (Kossoff et al. 2014, Macklin et al. 2006, Yuan et al. 2015). Consequently,
understanding the potential effects of accidents during and after mining in sulphur-bearing rock
formations is mandatory.
Mining for copper, nickel and other heavy metals in sulphur-bearing rock formations within
the Boundary Waters watershed will affect the resident mammals and other animals in both their
aquatic and terrestrial habitats. Water pollution affects wildlife health via drinking water and via
changes in plant food populations and distributions that affect prey populations. Ecological
communities in terrestrial habitats affected by mining will change, affecting foraging habitat for
mammals, thus forcing changes in foraging behavior, changes in dispersal and migration routes,
changes in spacing patterns of individual mammals, and changes in intraspecific and interspecific
interactions. Some plants will be unable to grow on polluted sediments, altering the foods
available for mammals and making some remaining foods toxic.
Potential Effects of Water Pollution on Mammals
All mammals depend on water in at least one of three important ways: they drink water; they
eat aquatic foods or eat foods that have obligate, aquatic life stages; and they spend significant
portions of their lives in water.
Drinking Water
All mammals drink. Some small mammals of the Boundary Waters area appear able to obtain
sufficient water from food and rain water and by making physiological water (Orrock 2000); they
certainly drink water when it is available. Larger mammals must drink water and most need a
reliable source of water. I have watched white-tailed deer (Odocoileus virginianus), moose (Alces
alces), wolves (Canis lupus), black bears (Ursus americanus), American martens (Martes
americana), minks (Musetla vison), snowshoe hares (Lepus americanus), red squirrels (Tamiasciurus
hudsonicus), and chipmunks (Tamias spp.) drink from lakes and rivers. Mammals that weigh more
than1 kg may travel fair distances to drink from wetlands. Forest game trails lead to the water’s
edge at regular intervals along shorelines.
Toxicity of heavy metals in drinking water is well documented (e.g. Ash & Stone 2003, Janicka
et al. 2015, Kovaci et al. 2017, Larison et al. 2000, Liu 2015, Massanyi et al. 2014, Yoshida et al.
2016) and these toxins bioaccumulate up through food webs to have highest concentrations in
top predators. Acidic water is able to maintain high concentrations of heavy metals, increasing
exposure to the heavy metals and their effects. The end result is that almost all resident mammals
will be exposed to, and be subject to, the health effects of heavy metal pollution following leaking
from tailings ponds and pipelines, following movement of ground water contaminated by leachate
from tailings ponds, waste rock piles and ore stockpiles and, obviously, following any failure of a
pipeline or failure of a dam maintaining a tailings pond.
Aquatic Foods and Adaptations of Mammals for Foraging in Water
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Heavy metal pollution in wetlands decreases growth and reproduction of aquatic plants and
the metals become incorporated into the tissues of the plants (Gramss & Voight 2014, Peplow &
Edmonds 2005). Consequently, any mammals that eat aquatic plants experience reduced
availability of important foods and are exposed to toxic pollutants through the foods they eat.
The health effects of heavy metal exposure on humans are well known (Crisponi et al. 2010,
Hessett-Sipple et al. 1997, Mahaffey et al. 1997, Merger et al. 2007) and include cancer, heart
disease, organ failure, nervous system dysfunction, and abnormal development of the nervous
systems of fetuses through adolescents (Obiri et al. 2010, Mergler et al. 1994, Rodrigues-agudelo
et al. 2006). Exposure to methy-mercury injures the nervous and cardio-vascular systems and can
cause death. Exposure of pregnant women to any form of mercury leads to elevated blood levels
in fetuses that average 1.7 times the blood levels in mothers. Tissue levels of mercury in otters
(Lontra canadenses) and minks, which eat large numbers of fishes, amphibians and crustaceans, are
usually about 10x the levels found in the food in their diets, whose levels of mercury can exceed
by 106x the background levels in the water column (Grigal 2003, Rudd 1995, Scudder Eikenberry
2015, Ullrich et al. 2001). The mercury levels in otter and mink fetuses should be substantially
higher than those in their mothers, as occurs in humans (Hesset-Sipple et al. 1997, Mahaffey et al.
1997). Humans are, after all, mammals and share most aspects of physiology and development
with other mammals. Consequently, similar or identical effects are expected from exposure to
heavy metals in other mammals as in humans.
White-tailed Deer and Moose – White-tailed deer and moose are large hooved mammals. When
in excellent nutritional condition, female white-tailed deer usually produce twins or triplets each
spring and can even mate for the first time as fawns. Likewise, female moose in good nutritional
condition produce twins and can mate for the first time as yearlings. When good food is not
abundant and female deer or moose are not in good condition, litter sizes are reduced, first
breeding takes places when the females are a year or 2 older, and reproduction can even be
skipped altogether. When populations are reduced, rate of population recovery depends heavily
on the nutritional condition of females.
Although white-tailed deer and moose are terrestrial mammals, both eat significant amounts of
aquatic vegetation during spring and summer and often are seen up to their chests in water
(Bowyer et al. 2003, personal observation). Sodium is a critical nutrient for all mammals and
sodium shortage may limit moose populations (Belovsky 1981a). Aquatic plants are generally
higher in sodium than terrestrial plants (Belovsky and Jordan 1978, Botkin et al 1973, Ceacero et
al. 2014) so moose (and probably deer) budget their time to forage for aquatic vegetation to
balance their sodium requirements (Belovsky 1978, 1981b). Given the importance of aquatic
plants for moose and deer, reduction or loss of aquatic foods due to acid mine drainage or flooding
could limit their populations or drive them locally extinct. This possibility is pertinent because
the moose population in the Boundary Waters area is now critically low (DelGuidice 2017).
When deer and moose populations decrease, so do populations of wolves (Canis lupus), who are
also signature mammals of the Boundary Waters area.
Deer and moose swim across bodies of water in the Boundary Waters and sometimes flee to
water when pursued by wolves (Carlson-Voiles 2012, Mech et al. 2015, personal observation).
Cleaning their bodies after being in water exposes deer and moose further to heavy metals and
other pollutants in the water.
Beaver – Beavers (Castor canadensis) are large, semi-aquatic rodents and are major herbivores
on aquatic plants (Bakker et al. 2016). They build lodges and bank dens in water bodies deep
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enough for them to swim and they dam streams to create ponds (Baker & Hill 2003). Beavers live
in colonies that are extended family groups, each with 2 parents and their offspring from the past
2-3 years. Young beavers do not reproduce until they have dispersed from the colonies of their
birth when 2-3 years old, have found good habitat unpopulated by other beavers, and have found
a mate. Beavers are, thus, 3-4 years old when they first reproduce and they produce only 1 litter
per year (Bakker et al. 2016, Jenkins & Busher 1979), leading to relatively show population
growth.
Water provides beavers with safety from predators and almost all predation on beavers occurs
when beavers are not in water where they can swim (Gable et al. 2016). Beavers build canals
through bogs and marshes to extend swimming areas. They must, nonetheless, come on land to
cut down trees, so that they can eat the inner bark and obtain branches as construction material
for dams and lodges. Beavers have preferences among local tree species and for sizes of trees to cut
but always prefer trees close to shore, to minimize escape time to water (Belovsky 1984, Jenkins
1980, Jenkins & Busher 1979).
Beavers have evolved many physical and physiological adaptations for efficient swimming and
for spending most of their foraging time in water (Baker & Hill 2003, Jenkins & Busher 1979).
They have large, webbed hind feet; scaley, flat tails that they use for steering when swimming; ears
and noses that they can close when under water; lips that can close behind their incisors, allowing
them to cut tree branches from their under water food caches with their mouths closed; eyes that
are protected by nictitating membranes when beavers swim under water; dense underfur protected
by oily guard hairs, which keep beavers dry and warm, even in water approaching freezing
temperature; and counter-current circulation that warms blood coming from cold extremities
while cooling blood that goes to those extremities. Beavers are able to remain under water for at
least 15 minutes (Irving and Orr 1035). When disturbed by potential danger, a beaver will slap
its tail against the water surface when diving, making a loud crack that warns other members of its
colony.
Before European colonization of North America, beavers created and maintained high
biodiversity and, more importantly, highly diverse ecological communities across the continent
(Johnston 2015, Naiman et al. 1988, Stringer & Gaywood 2016, Wright et al. 2002). Beavers
dammed every stream into series of ponds and beavers occupied every lake, pond and river and
lined shorelines with trees fallen into the water, creating habitat for fish, amphibians reptiles,
crustaceans and aquatic insects. Beaver activity maintained high abundances and diversity of
aquatic vegetation and affected forest succession everywhere, moving some forests to late
successional stages but introducing early successional stages in other places. Where beaver ponds
had been abandoned and then drained, beaver meadows maintained open areas for decades
(Pastor 2016, Terwilliger & Pastor 1999). Beavers are major ecological engineers, affecting both
species diversity and landscape diversity. No members of any other single species, except Man,
have so large an effect on entire landscapes as do beavers.
Beaver populations decreased through the early 1900s due to over-trapping (Jenkins & Busher
1979). Despite protection during the early to mid 1900s, beavers have never returned to their
original densities and, therefore, to their original influence on biodiversity and ecological diversity
(Johnston 2015, Naiman et al. 1988). Fortunately, beaver densities in the Boundary Waters
never dropped so low as they did in most of the United States, helping to maintain the
pre-European biodiversity and ecological diversity in the Boundary Waters.
In summer and autumn, the diets of beavers can be dominated by aquatic vegetation (Baker &
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Hill 2003, Milligan & Humphries, Svendsen 1980). Beavers also eat aquatic vegetation during
winter under ice (Milligan & Humphries 2010, Svendsen 1980). As with deer and moose, aquatic
plants are a major source of sodium for beavers (Belovsky 1984).
Any negative effects of acid mine drainage on aquatic vegetation or on beavers directly will
affect the biodiversity, the ecological diversity, and the entire essence of the landscape of the
Boundary Waters.
Muskrat – Muskrats (Ondatra zibethicus) are also large, semi-aquatic rodents. Aquatic plants
provide a larger proportion of muskrats’ diets year-round compared to beavers (Erb & Perry 2003,
Errington 1961, Willner et al. 1980). Cattails and bullrushes are the most important foods for
muskrats throughout the United States and cattails are the most important in Canada (Willner et
al. 1075 cited by Erb & Perry 2003). Muskrats also use aquatic vegetation to build their lodges
(Erb & Perry 2003, Errington 1961, Willner et al. 1980).
Muskrats share most of beavers’ physical adaptations for living in water, such as large webbed
feet and dense underfur and oily guard hairs. Like beavers, muskrats use water to avoid predators
and are awkward on land (Baker & Hill 2003).
Unlike beavers, muskrats in boreal forests breed when 1 year old and can even produce
multiple litters in a year. Muskrats are important prey for many carnivores (Willner et al. 1980).
Errington (1943, 1961) outlined the multiple cause and effect relationships among fluctuating
muskrat populations and predation by minks. Across most of their species ranges, when muskrat
populations go up, mink populations go up and, likewise, when muskrat populations go down,
mink populations go down (Ahlers et al. 2016, Errington 1943, 1961, Estay 2011, Shier & Boyce
2009)
Any negative effects of acid mine drainage on aquatic vegetation or on muskrats directly will
affect the diverse predators of muskrats, especially minks, and their ecological communities.
Otter – Otters (Lontra canadensis) are medium-sized, semi-aquatic, predatory mammals that
prey predominantly on fish (Melquist et al. 2003). They have long, slender, hydrodynamic bodies
with no discernable contraction for a neck and tails that taper. They have thick, dense fur with
dense underfur and oily guard hairs that cover and protect them; they can swim in freezing water.
Otters’ eyes are adapted to focus under water, making them far sighted when out of the water.
Their ears are small and able to be flattened to their heads to reduce drag. Their vibrissae are
dense, very thick and prominent. Otters’ heads are modestly flattened. They swim by paddling
with their large webbed feet but often clutch their legs tightly to their bodies and swim by
undulating, like porpoises.
Although otters spend long periods in water, they rest on land and sometimes cross land to
reach adjacent watersheds. They rest, and females sometimes produce litters, in abandoned
beaver lodges and bank dens. Litter sizes are usually 3-4 and females usually do not deliver their
first litters until 3 years old or older. Thus, population growth is slow when populations are low.
Although otters can live into their teens, few live to be 10 years old (Melquist et al. 2003).
In general, aquatic or semi-aquatic animals, dominated by fish, constitute more than 90% of
otters’ diets, which also include crustaceans, frogs and, occasionally, muskrats and waterfowl and
gulls and their eggs. Except in shallow bodies of water, otters forage by swimming in the water,
looking and listening for fish or detecting the turbulence trails of fish, which they undoubtedly
follow, as do other fish-eating mammals, using their prominent vibrissae (Dehnhardt et al. 2001,
Weiskotten et al. 2011). After catching prey, otters often surface to eat them.
Otters appear to be favorite wildlife for people to observe, probably because they are so curious
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and playful, as are all members of the weasel family (the Mustelidae). Family groups of otters play
and wrestle both on land at rest sites and in the water. They will slide down muddy slopes, across
wet grass, and down snowy slopes.
Heavy metal pollution affects individual fish, amphibians and crustaceans, their populations
and ecosystem health (Au 2004, Egea-Serrano et alii 2012, Gürkan et al. 2014, Kouba et al. 2010,
Lahman et al. 2015, Marcogliese 2005, Rowe et al. 2001, Teh et al. 1997, Vidal-Martinez et al.
2010, Webster et al. 2002). Otter populations will decrease where fish populations are affected by
acid mine drainage, due both to decreased fish populations as well as to bioaccumulation of toxins
in otters’ bodies (Ben-David 2001). Otters are also exposed significantly to pollutants through
grooming after swimming in polluted waters (Duffy et al. 1999). The limit set by the
Environmental Protection Agency (EPA) for mercury levels in wetlands that support otters is 42
pg/l (Mahaffey et al. 1997). Of 6 bird and mammal species evaluated by the EPA, otters appear
less sensitive to mercury pollution than only belted kingfishers (Megaceryle alcyon) and more
sensitive than minks, common loons (Gavia immer), osprey (Pandion haliaetus; these latter 3
species were considered equally sensitive) and bald eagles (Haliaeetus leucocephalus).
Mink – Like otters, though much smaller, minks are semi-aquatic predators with long, slender,
hydrodynamic bodies. Minks are, nonetheless, very different from simply being small otters.
Although minks do forage in the water (Harrington et al. 2012), most of their foraging is along
shore, exploring rock crevices and holes, especially under banks, and walking on rocks and on
trees fallen looking into the water. When a mink sees prey in the water, it dives to capture the
prey, which it then brings to shore to eat (Ben-David et al. 1996, Harrington et al. 2012, Larivière
2003). Minks’ feet are not enlarged and the toes are only partially webbed. Their maximum dive
time is about a minute and most minks spend well less than an hour diving per day. Because
minks forage extensively on land and water, their diets are more diverse than diets of otters and
include muskrats, diverse small mammals, small fish, crayfish, frogs, shorebirds, water birds, small
birds and birds’ eggs (Larivière 2003). Throughout the year, muskrats, voles and mice dominate
their diets (Erb & Perry 2003, Eagle & Whitman 1987, Errington 1943, 1961, Willner et al.
1980).
Clearly, minks are generalist predators. Nonetheless, their dependence on diverse aquatic prey
led the EPA to set 57 pg/l as the environmental limit for mercury concentration in wetlands that
support minks (Mahaffey et al. 1997). Minks were considered more sensitive to mercury pollution
than bald eagles. Minks’ predator-prey relationship with muskrats is critically important and
mink populations rise and fall in response to the large population fluctuations of muskrats. Minks
rest and females often produce litters in abandoned muskrat lodges and bank dens. Acid mine
drainage that affects muskrat populations will have similar effects on mink populations.
Raccoon – Raccoons (Procyon lotor) gained their scientific name, which means “pre-dog that
washes”, because they sometimes forage in wetlands by putting their dextrous forepaws into the
water to feel for such aquatic prey as crayfish, frogs and other amphibians, and mussels. They may
also rub their food with a washing motion. Nonetheless, plant foods, especially terrestrial fruits
and nuts, are more common foods for raccoons than aquatic prey generally (Gehrt 2003, Lotze &
Anderson 1979). Raccoons are at the northern extent of their range in the Boundary Waters area
and have low population sizes (Gehrt 2003, Lotze & Anderson 1979). Loss of prey due to acid
mine drainage will cause raccoons to need larger home ranges and, therefore, will lower their
already low population densities. Raccoons will bioaccumulate heavy metals from polluted
waters.
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Water shrew – Water shrews (Sorex palustris) are little-known, very small mammals that are
highly adapted for foraging in water. They are seldom found far from streams and other bodies of
water and they eat aquatic insect larvae, aquatic insects, small fish and terrestrial invertebrates
(Beneski & Stinson 1987, Harris 1999, Whitaker & Schmeltz 1973). Water shrews have
particularly hairy paws, which they use as paddles when swimming. These shrews are also able to
run across the surface of smooth water. They detect prey under water by sight and shape, by
movement and by smell (Catania et al. 2008) and must eat the equivalent of 15 minnows a day
(Gusztac et al. 2005). Water shrews are potentially long-lived (up to 2 years) for such small
mammals (Punzo 2004). Given their high metabolic rates and consequent high food
requirements, water shrews have the potential to bioaccumulate heavy metals if exposed to
polluted waters.
Water shrew populations decrease in response to nearby logging (Wilk et al. 2010) and are
expected to respond similarly to logging and to construction at mine sites. Any negative effects of
acid mine drainage on populations of aquatic insects and small fish will cause decreases in water
shrew populations. Increases in heavy metals in waters of the Boundary Waters will have direct,
negative effects on water shrews and indirect, negative effects through reduced food supply.
Star-nosed mole – The Boundary Waters area constitutes the far northwestern extent of the
range of star-nosed moles (Condylura cristata). In areas with many large bodies of water,
star-nosed moles forage in water extensively for aquatic prey and aquatic insect larvae (Petersen
& Yates 1980). Some of their tunnels open directly into water. Where large lakes are not
common, however, these moles forage mostly for earthworms and other invertebrates that live
under the ground surface. Earthworms, however, are not native to the Boundary Waters area and
do not occur in most places, leading star-nosed moles to depend more on aquatic prey. Star-nosed
moles build extensive tunnel systems with deep tunnels for living spaces and shallow tunnels,
sometimes humping the surface of the ground, for foraging. Given the shallow soils in the
Boundary Waters area, loss of aquatic prey caused by acid mine drainage will reduce the already
low population sizes of star-nosed moles.
Little brown bat – Little brown bats (Myotis lucifugus) are, indeed, little, and beautiful, bats.
Their average weight is 10 g, the weight of a US quarter or a Ä2 coin. Their wings are not
particularly short or long, making them modestly fast and maneuverable fliers but not racers.
Female little brown bats give birth to one pup per year, a small litter size for mammals so small,
yet these bats have been documented to live over 30 years (Brunet-Rossinni 2004). Their
population growth rates are similar to those of moose.
Little brown bats are completely insectivorous and eat a wide variety of insects, which they
catch on the wing using echolocation to locate individual insects and a tail-tuck maneuver to
make the final catch. In summer, they forage for long periods at night, sometimes in large groups,
over lakes and ponds, mostly flying within 2 m of the water surface. Their major prey are insects
with obligate aquatic larvae, such as caddisflies (Trichoptera), mayflies (Ephemeroptera), midges
and mosquitoes (Diptera). Most nights, a little brown bat eats half its weight in insects. During
pregnancy and lactation, females eat up to their whole weight in insects each night (Fenton 1999,
Fenton & Barclay 1980). Both acidity and heavy metals in acid mine drainage will decrease
survival of aquatic insect larvae and, therefore, decrease population sizes of little brown bats.
Given their low reproductive rates, populations of little brown bats recover slowly from any
population size decreases.
Little brown bats have experienced some of the greatest population collapses of any bats in
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response to white-nose syndrome, a new disease of bats caused by the recently-introduced fungus
Pseudogymnoascus destructans. This disease has caused over 70% decreases in some little brown
bat populations (Frick et al 2010, Ingersoll et al. 2013 2016, Langwig et al. 2016). Although
some affected little brown bat populations stabilize at roughly 30% of their previous population
sizes, the disease process allowing stable, low population sizes is not understood (Langwig 2017).
White-nose syndrome has reduced by at least 70% the numbers of little brown bats using the
winter hibernation roost in the Soudan Mine, the largest winter roost known in the Boundary
Waters area (Badalamenti et al. 2016, Myers 2017). Little brown bat populations in the
Boundary Waters are, therefore, particularly sensitive to any threats to their food supplies. The
potential exists that this species will be proposed for listing as “Threatened” or “Endangered”
under the US Endangered Species Act.
Long-eared bat – Long-eared bats (Myotis septentrionalis) are listed as “Threatened” on the US
Endangered Species List (https://www.fws.gov/midwest/endangered/mammals/nleb/ last accessed 5
March 2017). Although these bats do not forage generally over water, they prey on many insects
with aquatic larvae (Neuroptera, Hemiptera; Caceres & Barclay 2000). Loss of prey with aquatic
larvae, due to acid mine drainage, will have a minor but negative affect on long-eared bat
populations.
Long-eared bats often share winter roosts with little brown bats and, like little brown bats, are
threatenen by white-nose syndrome. Any negative effects caused by mining will exacerbate the
precarious existence of these bats and lead them closer to extinction locally.
Hoary Bat – Hoary bats (Lasiurus cinereus) are relatively common, relatively large bats with
beautiful hoary coats. They weigh 2-3 times the weights of little brown bats. They have relatively
long wings and fly swiftly. Their diet emphasizes moths but they do prey on dragonflies, whose
larvae are aquatic (Shump 2003). Loss of prey with aquatic larvae, due to acid mine drainage,
will have a minor but negative affect on hoary bat populations.
Silver-haired bat – Silver-haired bats (Lasionycteris noctovagans) are widespread bats that, like
hoary bats, eat many moths but also include some insects with aquatic larvae in their diets, such
as midges. They forage in forests, over fields and over water. Loss of prey that have aquatic
larvae, due to acid mine drainage, will have a minor but negative affect on silver-haired bat
populations.
Terrestrial Effects of Mining Activities on Mammals
Mine sites destroy and fragment wildlife habitat with their open pit or underground mines but
also with their buildings and other facilities, pipelines, roads and railroads, and power line and
other rights-of-way. Such habitat destruction often facilitates colonization by non-native species.
House mice (Mus musculus) and rats (Rattus spp.) colonize the buildings at mine sites.
Mine sites in the Boundary Waters area will disrupt wildlife spacing patterns, forcing resident
individual animals to adjust their home ranges or to seek new home ranges entirely. All of the
mammal species in the Boundary Waters area (except for house mice and rats) are long-term
residents. Even species such as white-tailed deer, which were not common at the time of
European colonization, have had resident populations in the Boundary Waters area for over 100
years. Consequently, mammals and other terrestrial wildlife maintain populations that hover near
their carrying capacities, meaning that the landscape has no vacancies for individual mammals
that are displaced from mining sites. The end result is that most displaced mammals die early,
lowering population sizes. Moose, whose population is of special concern (Del Giudice 2017),
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and lynxes (Lynx canadensis), whose population is listed as Threatened
(http://ecos.fws.gov/ecp0/profile/speciesProfile?spcode=A073 last visited 5 March 2017) can ill
afford population reductions caused by extensive habitat destruction by mining. In 2016, 6 of 9
moose sampling plots censussed for moose in the areas of Superior National Forest proposed to be
withdrawn from mining were of medium or high moose density; in 2017 the results were 6 of 8
plots (DelGuidice 2016, 2017). Thus, the areas proposed to be withdrawn from mining provide
important habitat for moose.
Destruction and fragmentation of wildlife habitat will also disrupt dispersal movements of
young mammals seeking places to establish home ranges. In 2006 only 13 travel corridors existed
for wildlife through the approximate 160 km (100 mi) of Minnesota’s Mesabi Iron Range
(Emmons & Olivier 2006). The corridors averaged at that time only about 1æ km wide (± 2.3
km (standard deviation), range 0.25 - 5.4 km). Of those 13 corridors, planned expansion of
mining operations was slated to eliminate 1 and to reduce 3 more. Adding further mines to the
east of the Mesabi Iron Range will extend the restricted area with few corridors. For moose and
lynxes, restricted dispersal holds the danger of reducing gene flow and increasing inbreeding,
increasing the probabilities of local extinction.
Loss of mature, forested habitats removes old trees and snags from the forest. Cavities in
mature trees and snags are important as rest sites and den sites for fishers (Pekania pennanti) and
American martens. Female fishers give birth only in such cavities. Thus, loss of mature forests
will lead to decreases in fisher and marten populations, which have both decreased in recent years
(Erb et al. 2014).
Cutting trees for mine sites, roads, pipelines and power line rights-of-way causes habitat
fragmentation that increases interfaces between open areas and forests. These interfaces allow
light penetration into forests, with concomitant increases in local temperatures (Fischer and
Lindenmayer 2007). The new conditions facilitate invasion by non-native, invasive plant species
(Hawbaker and Radeloff 2004), which, in turn, lead to changes in mammal communities. These
interfaces between open areas and forest constitute a type of habitat edge, because ecological
edges are defined as interfaces between 2 different types of habitat. Within the wildlife literature,
the dogma is that habitat edges are good for wildlife. In reality, a habitat edge benefits only
animals that need both habitats that form the edge (Ries et al. 2004). The characteristics of
habitat made by clearing and fragmenting forests and building roads and rights-of-way do not
match characteristics of any natural habitats to which mammals of the Boundary Waters area
have evolved. Consequently, habitat edges created by mining activities will not benefit mammals
of the Boundary Waters area.
Fragmentation by roads leads to increased mortality of mammals by road kill. Many mammals
adapted to early successional communities use rural roads, especially dirt roads, for travel routes,
allowing mammals, such as bobcats (Lynx rufus), to establish healthy populations in the Boundary
Waters area where they have not existed extensively in the past. Bobcats are major predators of
fishers and American martens (Erb et al. 2014, Wengert et al. 2014) and major competitors with
lynxes (Hoving et al. 2005, Peers et al. 2013). Forest fragmentation, road building and
rights-of-way around mine sites will lead to local population decreases for martens and fishers
through bobcat predation and to local population decreases of lynxes through competition with
bobcats (Hoving et al. 2005, Peers et al. 2013). Loss of habitat to mines and the associated
rights-of-way for roads and pipelines, etc., restricted dispersal and movements from loss of
corridors through mining districts, and competition with bobcats could be all that is required to
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cause local extinction of lynxes in the Boundary Waters. Other, similar, indirect effects caused by
mining sites are expected.
Ecological communities that have become fragmented and otherwise highly altered by humans
take decades to recover. Consequently, effects on mammals by mines do not disappear when
mines close but last for decades. Contamination of mine sites with heavy metals has the potential
to last for decades to millennia. Where plants are able to grow on mine-contaminated sediments,
heavy metals can become incorporated into the plants(Gramss & Voigt 2014, Peplow & Edmonds
2005). Thus, terrestrial mammals in these areas are exposed to heavy metals through their plant
foods for decades to millennia.
Summary Statement
Mining for copper, nickel and other metals in the sulphur-bearing rock formations below the
Boundary Waters area has the potential to have negative effects on populations of many mammal
species, predominantly through contamination of water and loss of aquatic foods and through
habitat loss and fragmentation. Cumulative effects of leaching from tailings ponds, leaks from
pipelines, and other leaks will affect surface water down stream and will affect ground water
potentially in all directions for centuries to millennia. Charismatic mammals such as moose,
lynxes and otters will face large potential population losses. Beavers, which are responsible for the
very biodiversity and ecological diversity that characterize the Boundary Waters area, will also
face large population losses. Moose, lynx, long-eared bat and little brown bat populations already
face serious threats in the Boundary Waters area and are not in position to withstand the
potentially extended, negative effects of mining for heavy metals. Their populations could
become extinct locally. Water shrews and star-nosed moles, seldom seen by people but important
to the biodiversity of the Boundary Waters area, will lose critical foraging habitat should mining
pollute the waters. Some signature predator-prey systems, such as the mink-muskrat system, have
the potential to be disrupted as populations fall, should mining pollute the waters. Acid mine
drainage, through pollution of surface water and ground water, and a tailings dam failure, through
pollution of surface water, ground water and through deposition of contaminated sediments,
should they occur, will affect mammal populations in the Boundary Waters area for millennia.
Habitat loss and fragmentation will displace mammals, reduce population sizes, and reduce
mammal movements and dispersal.
The precedent exists for leaving mineral resources in the ground despite their being accessible
and their extraction being economically feasible (McGlade & Elkins 2015). Leaving copper,
nickel and other minerals in their sulphur-bearing ore in the ground is important for maintaining
the characteristic biodiversity and ecological diversity across a large portion of the Boundary
Waters. Without mining, the signature mammals of the Boundary Waters area will continue to
be valuable components of local ecological communities and to be prized by the local citizens and
by visitors.
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