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Va lum e 4-- Ch Cl pte r 2 TERRESTRIAL ECOSYSTEMS

2 .. 1 INTRODUCfION AND SUt1NARY OF FINDINGS

The debate over the advisability of recovering base metals from the earth by,

mining is not unique to the environmentally a"vare generations of the 1960s and

1970s. The fundamental questions have been pondered by policy-makers and citi-

zens alike since' the beginning of man's use of metals ..

Th~ strongest argument of the detractors is that the fields are

devastated by' mining operations .... the woods and groves are cut down,

for there is need 'of an endless amount of wood for timbers, machines,

I and the smelting of metals. And when the woods and groves are felled,

then are exterminated the beasts and birds, very many of which furnish

a pleasant and agreeable food for man.. Fu'rther, when the ores are

washed, the water which has heen used poisons the brooks and streams,

and ei ther destroys the fish or drives them away .....

In response, the supporters of mine developments replied that:

••• as the miners dig almost exclusively in mountains otherwise unpro-

ductive, and in valleys invested in gloom, they do either slight

damage to the fields or none at all.. Lastly, where Hoods and glades

have been cut down, they may be sown with grain"Q .. these new fields

soon produce rich crops (Agricola, 1556, De Re Netallica).

Al though northeastern Hinnesota is not 16th c.entury Germany, the issues rai.sed

by Agricola remain alive today.. The fields and forests, beasts and birds that

were of concern then remain a concern now. The crops, trees, beasts, and birds
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along with other plants and animals and the inanimate physIcal environment in

which they live, are all parts of the terrestrial ecosystem. Unlike aquatic

. habitats where the special properties of water are the dominant physical fac­

tors, climate and substrate have a greater influence on terrestrial ecosystems.

This report presents a summary of findings from field and literature studies of

the terrestrial ,ecosystems of northeastern Minnesota and the potential impacts

of copper-nickel mining on these ecosystems.. Copper-nickel mining will be a

land-intensive activity which will differentially impact most heavily those

lands cl~sest to the resource. The amount of land consumed is directly related

to the grade of are and the total production lifetime of the mines. This pro­

duction life is in turn related to the available resource., Figure i is a map of

the Study Area which illustrates the concentration of the copper-nickel resource

in ? narrow belt extending roughly from the east side of Birch Lake to Hoyt

Lakes. It can be seen from the figure that the major proportion of known'

resource is concentrated in the zone numbered 2, one of seven zones delineated

by know~ loci of mineralization.

Figure i

Figure ii illustrates the relationship between total production and land con­

sumed by mining. Major impacts on terrestrial ecosystems are expected to vary

wi th 'the size and type of mining operation. Three hypothetical mine model s ~lere

developed by the Regional Study: an open pit mine with annual production of

20 X 10 6 metric tons of are, a combined open pit-underground operation with

annual production of 16.68 X 10 6 metric tons, and an underground mine with

annual production of 12.35 X 10 6 metric tons (see Volume 2-Chapter 5)~ In

each case) the lifetime of the mine was assumed to be 30 years. As can be seen

2
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from Figure ii, total acreage consumed is related to total .production over the

lifetime of the mine. Total production and land needs of" the open pit and pro­

cessing plant once proposed by INCa are comparable to those of the Study's ]2.35

X 10 6 metric ton underground mine model, whereas production of an operation

being considered by ~~X exceeds any of the Study's models and would consume

over twice th~ acreage of the Study's 20 X 10 6 metric ton per year open pit

mine model. Total acreage takes into account all operati9nal areas including

the mines themselves, processing plant sites, storage, tailing basins, wasterock

piles, and service areas. Acreage directly consumed \I]ill vary wi th the height

and number of piles or size and number of tailings basinso

Figure ii

Sinqe the Regional Study is not evaluating the impacts of specific eu-Ni deve­

"lopment proposals, such as the preliminary conceptual layouts of AJ'vtAX and JNCO,

but rather is evaluating the jmplications of Cu-Ni development anywhere along

. the Resource Area; the task of assessing impacts becomes significantly compli­

cated.

Although site-specific studies may anticipate particular impacts at given loca-·

tions, a regional study must rely on some scheme of classification that iden­

.tifies types of areas that are likely to respond as units to given impacts.

The search for appropriate classification schemes applicable to the Study Area

was pursued by utilizing the knowledge that the influences of climate

(temperature, moisture, light) and substrate (physiography, soils) are reflected

in the dominant plant associations (e.g. pines on thin, dry soils or on south­

west facing slopes where htgher temperatures cause greater water stress).
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Further, the "beasts and birds" of one plant associ-ation are different in kind

or number from those of another. Their dependency upon the plant association

(or food and shelter and their mutu.al :tnterderendenci~s among themselves define

them as a distinct community.

The Regional study classified terrestrial communities into eleven broad'types,

each of which is characterized by structurally and floristically distinct vege-

tation and associated animals. The eleven communities are listed in Table 1.

Tables 2 ,through 4 illustrate the relative importance of associated animal and

bird grou~s in these communities. It can be seen from these tables that more

than one habi tat is often heavily used by a given large mammal Cfable 2), small

mammal group (Table 3), or bird association (Table 4). I~ addition to the ele-

. . .
yen mature communi ty types, immature communi ties ar~ considered in these tables

because there are a large number of mammals and birds which prefer immature com­
;,

munities, regardless of their species composition, because of their structural

simplicity.

Tables ],2,3, & 4

Upland deciduous communities are the most widespread in the Study Area. Such

communities form a continuum from nearly pure aspen-b{rch stands to mixed

conifer-deciduous stands. Although the total number of songbird species and

their' species composition change with an increase of coniferous elements, the

predominant associations are the same throughout the continuum. The addition of

conifers may either cre?te or reflect the moister conditions associated with

increased i~portance of shrews. Upland deciduous communities are the most

important forest type for game animals in the Study Area (including deer, moose,

. and grouse). Consequently, those portions of the Study Area dominated by upland

4



TABLE 1. Vegetation Comillunlties Recognized' by the Regional Copper-Nickel Study.

UPLAND COH?fLJNITIES _

Deciduous

Coni£erO'us

LO\.JLAND COl'lMUNITIES

Dec~duous

----------
Coniferous

Aspen-Birch

Asp en- Bi rch~·Fir

Mixed Conifer Deciduous

Jack Pine-Spruce

Jack Pine

Red Pine

Ash

Shrub Carr

Black Spruce

Tamarack

Ce,dar
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TA8LE' 4 COMPARISON OF SONGBIRD ASSEMBLAGES BY HABITATS
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deciduous stands, such as the Totmi Drumlin Field, are most important for these

animals. Despi te their relative 1mportance~ upland deciduous forests in the

. Study Area produce generally lOvler populations of game spectes than s:l.milar

forests elsewhere in the state. Perhaps more important than their browse value

is their proximity to the center of the state's wolf population (in the

northeas tern sec tion of the Study Area)" Wol ves in the mixed fores t and

conifer-dominat~d sections of the Study Area have seriously depleted their

principal prey, the deer. Better browse in parts of the area dominated by

aspen-birch may support better deer populations and encourage wolf populations.

Conifer uplands in the ~tudy Area include both spruce and pines and consist of

both natural communities and plantations. Jack pine and red pine communities

recognized by the Regional Study are concentrated 'in the· northern and eastern

parts of the Study Area. In general, these com~unities support fewer game spe­

cies, but more species of particular interest. Together with mature conif6r

wetlands, conifer uplands are distinguished by the importance of the

Blackburnian warbler-hermit thrush songbird association. The distinguishing

large mammals occur in small numbers and include several uncommon species or

species near their range limits, including fisher, marten, lynx, eagles,

ospreys, and timber wolves. Within the Study Area, the best geographic area for

most of these species lies east of Ely where mixed black spr~ce-jack pine stands

. are most: common and the largest proportion of mature pine forests persists.

Timber management in the last two decades has tended toward conversion of mixed

stands to conifers and re-establishment of harvested conifers. These management

practices are reflected in the large number of jack and red pine plantations in

the northeastern part of the areae With respect to bird and small mammal asso­

c~ations, the overriding structural attributes of young stands result in a

5



greater similarity of young plantations to young deciduous stands than to mature

con ifer s t <1 nd s.

Few virgin lands exist in the Study Area. Those that do are,mainly conifer

wetlands or "unproductive" wetlands dominated by 10Yl shrubs. From the 'stand­

point of rare or unique biological features} wetlands are the most important

community. Cedar stands are unusual and contain a large number of rare or

uncommon ferns, fern allies, mosses, and lichens. Uncommon and rare species in

the Study Area are generally either members of protected gro~ps (such as the

orchid fa~ily) or are species that are more common northward or southward but

are at their range limits in northeastern Minnesota. Such species are important

res~rvoirs of genetic variability, The value of cedar bogs as natural preserves

for rare species is somewhat limited by their small size and ext~nt of previous

disturbance. Unlike cedar bogs elsewhere in the upper midwest, they do not

appear to provide wintering grounds for deer.

The continuum of black spruce to tamarack bogs is varied both floristically and

structurally, with the smallest bogs the most floristically diverse. Small m~~­

mal populations of these communities were dominated by moisture-loving shrews.

The more uncommon southern bog lemming ~as present in only one wetland, where it

was found both years of this study. Wetlands provided a haven for the most uni­

que avian assemblage, comprised 'of birds that nest on the ground but glean in

the canopy. Species unique to conifer wetlands were the ruby crowned kinglet,

Tennessee warbler~ Cape May warbler, gray jay, and Swainson's thrush. In addi­

tion to providing a haven for this unique bird fauna, conifer wetlands provide

favorable habitat for horeal plants and for members of the orchid family. As is

the case with most rare and unique forms of life) the more extensive the con­

tiguous habitat (in this case bog), the more available are the special resources

6



needed by the rarer species and the less cQmpeti tion they e'xperience from spe-

cies that can thrive over a wide range of habitats.

One part of the Study Area, the Sand Lake Wetland, has been nominated for the

state's Scientific and Natural Areas program but was not sampled as part of

this Study. This wetland is characterized by ~he presence of patterned bog

visible on aerial photographs. Serial examitiation of aerial photographs taken

at IO-year intervals since 1937 suggests that portions of the bog have never

been cut. The large size of this wetland, its possible virgin character, the

presence 'of a completely surrounded bog lake, and the fact that its flora is

unknown contribute to the need for its further investigation.

Deciduous wetlands are less common in the Study Area than el se\vh~re in the

state. The extremely uncommon floodplain ash community is best developed along

the St. Louis River in the southwestern part of the Study Area. Vegetation of

this community was sampled near Birch Lake.. The black ash communi is impor-

tant only because of its proximity to its range tlimits in the Quetico. Alder

carrs in the Toimi Drumlin Field may represent an early stage in wetland suc~

.
cession, because they appear to post-date the Palo-Markham Aurora fire. Like

the ash communi ty, they are better developed el se\vhere in the state. Thei r

major importance within the Study Area rests in their juxtaposition with aspen

uplands which provides the best available habitat for woodcock and grouse. As

is the case with upland habitat for game animals, they would not be considered

outstanding on a statewide basis.

As can be seen from the previous discussion several of the natural features of

the Study Area are important from a lOCBl perspective, but not regionally. sta-

tewide, or nationally. Other features, such as rare species, that may be
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valuable on a national scale are common and less valued lo~ally. In order to

assess possible impacts, it is necessary to provide a ranking of habitats on the

basis of natural characteristics. This ranking' must tAke into account the scale

at which each attribute is considered valuable~

Three major criteria can be used to rank the habitats: how uncommon is it

locally, on a statewide basis, or nationally; how widespread is it; and how

likely is it.to differ genetically or functionally from other members of its

groupo Table 4a provides a general view of the relative importance of the ele­

ven habi tat types .on a nationwide, statewide, and local scale based on thei r

unique attributes, how ~.;ridespread they are in the Study Area, and how COITllilOn

they are on a local or statewide scale.

Table 4a

Uncommon on a local scale are good hunting areas, on a statewide basis certain

.plants and animals of boreal distribution, and on a national scale wolves,

eagles, and ospreys. The aspen-birch community is important locally, whereas

mature conifer uplands and wetlands are more important on a statewide and

national scale. Because of the dependency of wolves on deer, aspen-birch com­

munities that are sufficiently isolated from human activity take on a greater

.national significance than they would other",Tise have., From the perspective of

developments in the near future, the areas of actual wolf concentrations may be

more important than their potential habitat. These areas lie mainly in the

northeastern part of the Study Area dominated mainly by conifers and mixed

stands.

Four major classes of environmental impacts from copper-nickel mining are

expected in terrestrial ecosystems: direct land loss, air pollution damage,
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seepa~e of waters from mine "Jastes, and increased noise levels ..

Direct land 108sis generally regarded as a short-term impact. Lands may be

classed as permanently lost, reclaimable, or restorable. Permanent loss from

further non-mine uses is anticipated only for the area actually occupied by the

pit in any open pit mining operation. The Regional Study's 20 X 10 6 mtpy open

pit model suggests an open pit of 228 ha, whereas permanent loss according to

the 16.68 mtpy combined model would include only a 175 ha pit.

I

Reclaimable lands are those that can be returned to alternative post-operational

uses, for example; industrials residential, or natural. Modern technology

all~ws for the reclamation of most minelands with the aid of such soil ameliora-

tion practices as topsoiling, liming, and fertilization. Soil amelioration is a

prerequisite for revegetation of inhospitable are~s such as tailing basins and

waste rock piles. Reclaimed lands may support productive forests even though

these forests do not compare floristically or functionally with previous forests

of the area ..

Restoration implies the restitution of a community similar to that previously in

the area \vi th comparable floristic composition, soil and hydrologic properties

and ecosyste;l functioning. Restoration of mature communitic~s requires a time

period l6ng enough for successional processes to take place. Within the Study

Area, restoration is a feasible goal for mature communities dominated by pioneer

species (e.g. aspen-birch) on thick soils \vhich can be stockpiled and reapplied

to the area to be reclaimed. Even in areas dominated by such vegetation and

soils, restoration is unfeasible in mlnelands such as wasterock piles, which

have been topographically alter~d beyond the natural ,range of variability.

Because restoration implies return to comparable ecosystem function as well as
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species composition, replanting of formerly dominant specl~s does not in itself

constitute restoratlon. For example, mining comp<J.nies customarily favor lO\vland

which can contain significant areas of wetland~ for tailing dIsposal because of

the savings on dike construction. Replanting of bog species in a completed.

tailing basin would not restore the original community because soil properties

of ameliorat~d tailing material would be sufficiently different from those of

natural organic soils that ecosystem functioning of the new con®unity would not

be comparable with that of the old. Community restoration in the Study Area is

most feasible in the extreme south and least feasible in the northeast, where

the likelihood of' impacts is greatest.

ImpEcts on terrestrial ecosystems of air pollution resulting from copper-nickel

mining and smelting (under normal operating conditions) are expected to be

limited. Projected levels of S02 are well below those known to cause visible

damage to forest ecosystems. Classes of damage that cannot be directly observed

are known to occur in industrial areas, but the levels that cause damage and

etiology of damage are not well documented. Reduced growth is the most \~dely'

suspected result of low-level pollution. Levels at which growth reduction has

been documented are orders of magni tude greater than those expec ted in the Study

Area. Within 8-10 km of a smelter) visible da~age may occur as a result of

short-term fumigations during infrequent breakdowns of smelter air pollution

control systems. Such incidents are expected to occur infrequently wi th peak 3­

hour fumigations no greater than a few thousand ug/m3 , 2-8 km from the source,

assuming that emissions occur through the stack. Damage is expected to be

greatest during the summer months when the vegetation is most susceptihle to

impacts ... Regional changes in air quality from all sources \vith or \.,ithout

copper-nickel smelting are likely to result in increased acidification of rain-

10



fall over the entire Study Area (see Volume 3-Chapter 4)>> ~ausing slowed

recycling of nutrients which may result in reduced forest growth.

If mine wastes are not located such that leachates can be captured) toxic

seepage from stockpiles and waste rock piles may enter wetland system~.

Resultant damage to the vegetation will depend on the amount of organic soil

available to take up heavy metal ions, the depth to which throughflow waters

pene trate, the tolerance of particular plant spec ies) and the particular ions

involved. Studies of a cedar bog receiving drainage from a Duluth Gabbro stock­

pile exhibit a gradient in the concentration of heavy metals decreasing with

distance from the source. Although it appears that organic soils are taking up

met?ls within the area affected by surface flow, the more labile elements, such

as nickel, are being taken up by the plants. Elevated levels of nickel in the

foliage of several species are accompanied by symptoms resembling iron­

deficiency chlorosis. The dynamics of such vegetation damage from leachate are

not well understood at this time» and it is not possible to estimate the area

that might be effectedo

Although noises associated with mining are expected to travel long distances, it

is likely that only noises of a discontinous, interruptive nature (such as

blasting) will have observable affects on animal populations. Blasting near the

nests of birds of prey may reduce their nesting success. Large mammals are

expected to avoid noisy areas if the noise reaches stressful levels.

In general, it appears the northeastern portion of the Study Area is most

susceptible to all four classes of impacts. This area is characterized by

mature coniferous forest communities and is inhabited by animals of statewide

and national interest. The proximity to the B\.JCA and presence of eagle and
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osprey nests increases the susceptibility pf the Kawishiwi-Birch Lake area to

impacts of seepage 'and noise, respectively~ The thin, coarse soils are both

more erodahle artd less easily reclaimed than soils elsewher~ in the Study Area.

In general! it appears that the northeastern portion of the Study Area is most

susceptible to all four classes of impacts) both because of attributes of the

ecosystem and because of constraints on siting of direct mining developments.

The Kawishh"i-Birch Lake portion of the area is characterized by mature conifer

forests and inhabited by several species of national and statewide interest

including wolves, marten, eagles, and ospreys.

The relative importance of coniferous communities in the Study Area as compared

with the state as a whole can be seen from Table 4b. The comhi~ation of past

logging practices, forest management, and natural distribution of species has

resulted in a concentration of mature pineries in the ffiJCA, the eastern Superior

National Forest, and the Chippewa National Forest. Although 2.'6 percent of

forests in the state are pinelands, 8.7 percent of the Study Area's forested

lands are in pine. The spruce-fir forest type, which is composed of several

upland and wetland communities, is even more differentially concentrated within

the Study Area. Although 6.6 percent of forests in rfinnesota are classified by

MLMIS as spruce-fir, 23.5 percent of lands in the Study Area fall into this

group. Of the communities comprising the spruce-fir type, the mixed upland

black spruce-jack pine community is restricted to northeastern Minnesota and is

therefore one of the most important in the Study Area, with respect to direct

land loss.

Table 4b
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Table 4b .. Proportion of communities in Study Area and Btatf~",

% OF
% OF STATEHIDE

HA" IN STUDY HA" % OF TOTAL IN
FOREST TYPE STUDY AREA AREA IN STATE STATE STUDY AREA

White, Red,
Jack Pine 47" 927 8.7 560,153 2.6 8.6

Spruce-Fir 129,712 23.5 1,428,342 6.. 6 9.1

Oak 0 0 558,927 2,,6 0

Elm-Ash-
Cottonwood 777 1.0 534, 7L~ 6 2.. 5 0.1

Maple-Bi rch-
Basswood 113 0.0 422,974 1 .. 9 0 .. 0

Unproductive 25,758 4.7 L.34,395 2.0 5 .. 9

Unforested 59,416 20.0 13,571,724 62,,3 .. 4

Aspen-Birch 288,434 52.2 4,283,3L~2 19. 7 6.. 7



Al though there is a great over-representation of aspen-bi r(~h forests in the

Study Area in comparison with the state as a whole (52.2% vS e 1ge7%), the actual

. percent of the statewide total located in the Study Area is less for aspen-birch

than for pines and spruce-fir. Direct land, loss of the entire Study Area would

result in loss of roughly 9 percent of state pine and spruce-fir lands, but 7

percent of aspen-birchu The rapid natural regeneration of aspen-birch

throughout the northern third of the state suggests that direct land loss from

thts community would have a lesi:~ significant statevlide impact than loss of pine­

lands, wtlich only regenerate by seeding and planting. Because of the geographic

distribution of aspen-birch in the Study Area, it appears that direct land loss

in Fhe southern portion of the area would therefore have a less significant

impact than in the north.

Indirect impacts on forest communities will depend on the sensitivity of the

community and proximity to a smelter. Within the constraints of available

transportation and economic considerations, siting of a smelter is flexible.

Coniferous species are generally most sensitive to levels of pollution that may

arise from a smelter under breakdown conditions. Areas dominated by conifers

can be expected to be most susceptible to S02 damage if a smelter is located

nearby. Although aspen is nearly as sensitive to S02 fumigation as conifers,

aspen forests can be expected to regenerate unless exposed to repeated pollution

incidents ..

Forest species that dominate in other areas of Minnesota (basswood, maple, and

oak) are less sensitive to pollution injury than those of northeastern Minnesota

(see Table 24). In addition to the predominance of sensitive specieR in the

At;rowhea<1 Region,; soils in northeastern Minnesota are less calcareous than

elsewhere In the state, resulting in reduced ability to bind heavy metals and

, 13



reduced capacity to buffer acid rainfall: The combination of these factors

makes forested areas of the Arrowhead Region generally more susceptible to

pollution than areas elsewhere in the state. Agricultural lands in the

southvlcstern portion of the Study Area are devoted mainly to pastures and

haylands. Legumes such as alfalfa are reported to be highly sensitive to

802 damage (Krupa et ale 1977). Crops such as corn and potatoes, gro\VTI in

the western and southern portions of the state, are reported to be less

sensitive. Together, these trends suggest that northeastern Minnesota is

the most sensitive part of the state in which to site a smelter.



2.2 PHILOSOPHY AND HETIIOD OF APPROACH TO REGIONAL CHARACTERIZATION

The study of terrestrial ecosystems requires an understanding of the interac­

tions and interdependencies of the organisms. Generally, studies of this type

consider individual habita't types because the reliance of organ1.sms on a par­

ticular habitat involves a large number of relationships, some simple and some

quite complex. Preferred habitats optimize a variety of factors for animals,

including f06d, water, cover, escape routes ,and good den sites for bedding or

nesting. For example, the songbird association of conifer wetlands is a unique

bird community with many members that are restricted to conifer wetlands.

Examination of the functional attributes of thi s avian communi ty reveals that

over three-fourths of the individuals are ground nesters that rely on the low

shrub cover and abundant sphagnum mosses for nest sites e Yet appropriate

·nesting sites alone do not account for the preference of these bird species for

bogs. Equally important is the coniferous tree layer, because it harbors the

insects that provide food for these bird species. Thus, two separate attributes

of .the v'egetation are important in determining which birds live in the com­

munity. But one of these attrjbutes is important not in and of itself but

because it supports another population (insects) on ¥lhich the birds in turn

depend.

Some dependencies on habi tat are more restric ted. Ruffed grouse, for example,

use alder carl'S only when the broods are very young. The dense cover of these

brushy wetlands hides the chicks from avian predators while they dine on insects

hidden in the ferns (their sale diet during their early weeks). Hithout the

presence of this sheltering habitat during a brief period of their lives, the

birds would be subject to .greater chick mortality.
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Behavioral adaptations of animals .::llso plAya large part tl1 determining \vhich

plant communities provide h8bitat where they will be most successful.. For

example, both deer and moose use small recent c.learcuts for bro\vse.. But clear-

cuts larger than 50 hectares (ha:::2.47 acres) are used exclusively by moose.

Within the Study Area healthy moose have no natural enemies, so they can afford

to stand exposed in large open areas. Deer, on the other hand, must remain wary

of wolves, and avoid large open areas in which they would be more vulnerahle.

Yet even if the deer were less \vary, it would not be to the .advantage of the

,.,olves to deplete their population. In areas of the BHeA where wolves have

decimated the deer population, the pups are now dying of malnutrition.

Animals are not alone in their adaptation to their environment. The tolerance

of needle-leaved plants for drier conditions is a 'result' of the fact that less

leaf area is exposed for evaporation., Many plant species have such individual
y

adaptations which allow them to survive otherwise· severe conditions. In another

example, "carnivorous" plants such as the pi tcher plant and sundew are

restricted to particular bogs because they have the ability to break dO\vn and

absorb nitrogen from animal (insect) protein and thereby outcompete "nonl1al"

plants that are nitrogen limited. Within most habitats nitrogen is available in

sufficient amounts to negate such an unusual strategy. Other habitats may be

dominated by species such as alder, capable of fixing atmospheric nitrogen by

the action of special bacteria located in nodules on the roots. Some wetlands

receive most of their nitrogen in the form of organic matter washed in from

neighboring communi ties. In the case of the sundew and pi tcher plant, the bogs

in which t~ey live receive their nutrients mainly from rainfall. Little nitro-

genous mat ter enters the system from runoff. So the carnivorous plants "short-

c~rcuit" the system by capturing nitrogen from insects that may have originated
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tn more nitrogen-rich communitif~s. In addition to this unique adaptation by

forest floor plants, bluegreen algae in lichens on black spruce fix Nand

contribute significantly to black spruce nutrition.

Within each of the communities, or habitat types, in the Study Area, this report

will present some of the structural attributes of the ecosistem such as numhers

and distribution of individuals. The subtle interactions that link components

of the communi ty are not always as easy to see as a hawk killing a sno\·!shoe

hare. Nonetheless, they are there. If each community is ex'amined in detail,

great nu~bers of trophic and behavioral relationships become evident and the

relationships between components of a community appear more like a network and

less like a chain. Each individual organism is vitally linked into the network.

The greater the preference of an animal for a particular community, the more

closely it is linked into the network of that community. Hence, the more likely

it is that anything which destroys even a few of the attributes of that com­

munity will affect the success of the plant or animal in question.

For the purposes of this study, terrestrial ecosystems were taken as forest com­

munities •. Both upland and lowland communities are considered to be terrestrial

ecosystems. Although the distinction b~tween aquatic and terrestrial ecosystems

is somewhat difficult in areas where sedges dominate the vegetation and water

levels are frequently high, such habitats were not sampled a~ part of the

Terrestrial Biology program. The Regional Study focused its sampling efforts on

forested communities because they lie within and adjacent to the mineral

resource zone and are most likely to b.e directly affected by mining. 1-1ithin the

Study Area, agricultural lands generally lie west of the mineral resource zone.

Terrestrial ecosystems are comprised of living and nenliving components-­

attributes that all or most ecosystems have in common (Figtlre 1). Components
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chosen for study included soils, vegetati.on, small mammals,. songbirds, gdllle

birds, raptars, and, large mammals. The Regional Study was directed toward

eharacterizing each of these components iri as mpch detail as possible during the

time ailoted for sampling. In addition to characterizing components, an effort

was made to determine potential stress~s related to copper-nickel mining that

might affect individual components. Because all components could not be sub­

jected to all po~sible stresses, stress response studies frequently had to be

based upon reviews of literature that describe how components are affected by

development in areas where mining and smel ting of ores are currently prac ticed ..

Subsequent impac t 'analyses incorporate information gained from char ac teri za tion

and stress response studies in an effort to determine how the unique communities

of northeastern Hinnesota will respond to mining activities that might occur in

the future.

Figure 1

Fundamental to the analysis of mining impacts on terrestrial ecosystems is an

understanding of the ecosystem concept. This idea, first proposed by A. G.

Tansley in 1935, views all components of ecosystems as being interrelated and

interdependent. A forest ecosystem, for exampl'e, can then be viewed as

receiving a finite amount of energy from external sources (e.g. the sun) over a

"discrete period of time. Energy is then partitioned and transferred among the

various ecosystem components through their trophic (feeding) relationships. For

example, plan ts are producers, insec ts tha t feed on them are pri mRry consumers

(herbivores), and birds that glean the insects are secondary consumers

(carnivores). At each trophic level some energy is spent in metabolism so that

n6t all the original energy captured by photosynthesis or obtained by feerling is
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FIGURE 1 COMPONENTS OF THE TERRESTRIAL ECOSYSTEM
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available to the next trophic level.. As organisms die, theJr remains are uti~·

lized by decomposer organisms (e~g .. fungi and bacteria) that release both energy

. and organically bound nutrients.. Energy drives ecosystem processes and is uti­

lized to develop and maintain the structural integrity of the systemo

An understanding of ecosystem relationships is important to assessing mining

impacts because impacts frequently are expressed with respect to individual com­

ponents or processes. The ecosystem concept suggests that if a specific pro­

cess, S4ch as photosynthesis or decomposition, is altered by a pollutant, many

other components and processes will be affected in a secondary mannerb

Furthermore, responses of some components may not be directly harmful to that

com~Qnent, yet be very harmful to a component that is dependent upon the first.

As an. example, individual plants may contain non-toxic levels of heavy metals,

but animals feeding on many such plants may accumulate the metal until it

reaches levels that cause physiological abnormali ties, such as al tered orien­

teering behavior in bees gathering pollen in polluted areas.

In ~ddit1on to studying intra-system characteristics of ecosystems, it is often

necessary to examine interactions between individual communities. Ecosystem

analysis is, in fact, most useful when examining systems on an input-output

basis. This is especially true for pollution assessment work \<7here potentially

toxic materials are added to a system~ Communities, as with individual orga­

nisms, vary in their ability to absorb pollutants without suffering adverse

effects, and ecosystem analysis allows the researcher not only to quantify gains

and losses, but also to follow the progress of added materials through eco­

systems.

1~e definition of community boundaries within a region is somewhat arbitrary.

Boundaries may often be adjusted depending upon the reasons for studying an
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area. Classification of major ecosystem components (e.g~ vEgetation or soils)

is often used to define limits because all communities within an area can rarely

be studied and it is often valid to assume that· communities with like charac­

teristics will react in a similar and unique manner to an individual stress.'

Wtthin the Study Area as a whole, the boundaries of terrestrial ecosystems as

opposed to aquatic ecosystems, were drawn where vJetland communities (including

Shrub Carrs) met open water. Several factors were used to define individual

communities. Dominant plant species were the most important factors considered.

Generalized inventories of the vegetation of the region existed in advance of,

the Study and Here used initially to separate major vegetation types. An inven­

tory of soil types also existed and was used to differentiate occurrences of

given vegetation types (e.g. jack pine or aspen-birch) on more than one soil

type. Plant species distributions often depend. upon somewhat narrowly defined

moisture and nutrient requirements, and quantitative sampling of vegetation­

types was stratified So that sites were. on soils that were typiCal of those on

which the vegetation type normally occurred (e.g. jack pine on coarse-textured

·soils, black spruce on organic soils).

The boundaries between communities vary not only spatially but over time. The

natural temporal variability within a community is known as succession and is

based on the observation that a dominant species often influences its environ­

ment in ways that are detrimental to its perpetuation. Species that are favored

by the altered conditions will in time replace the original species

"successively" until a hypothetical situation is reached in which the dominant

species can persist in the envi.ronment which they generate. An example of the

successional process in the Study Area is the progression of forests on one site

from "sunloving:: aspen forests to forests 'dominated by more shade tolerant
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speci.es, such as balsam firw The "climax theory" of Clements (1916) proposed

that single forest types would dominate entire climatic regions if natural pro­

cesses were left undisturbed. Within the Study Area~ debate has centered around

whether the climax would be dominated by long-lived species such as ptne

(Stallard 1929; Waring 1959) or shade-tolerant species such as spruce) fir, . and

cedar (Cooper 1913;,Kittredge 1934; Grant 1934; Grigal and Ohmann 1975). In

practice, differences in soil types and recurring disturbances such as fires and

wind sto'rms throughout history (Heinselman 1973) have retained the area as a

mosaic of' communities.

The ~oncept of succession is important to the impact analysis, for it indicates

that communities of the Study Area will change in the fu~ure, with or without

the inclusion of copper-nickel mining and possible associated stresses. One of

'the most difficult aspects of impact analysis is that of discriminating bet\.;reen

natural successional changes (including forest managem~nt) and changes that

occur as a direct result of development stress. Often synergistic effects may

occur. For example, forest management practices may cause extensive areas to be

occupied by stands dominated by a single tree speciesw If that species is one

that is susceptible to damage by air pollutants, increasing levels of a toxicant

could cause more widespread ecosystem destruction than if mixed stands had been

maintained.
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2.3 REGIONAL OVERVIEW

2.3.1 !hysiography

Nine bro2d physiographic regions (Figure 2) can be distinguished within the

Regional Copper-Nickel Study Area (Study Area)(see Volume 3-Chapter 1). Of

these only on~, the Embarrass Mountains Taconite Mining Province (A)(Olcott and

Siegal 1978) is a bedrock feature. This province includes the Giants Range,

which extend~ from Grand Rapids to Babbitt and the associated Biwahik Iron

Formation.

Figure 2

The remaining eight provinces are dominated by geomorphic features of glacial

origin. The enti~e area was glaciated by the Rainy Lobe of the Laurentian ice

sheet. The contemporaneous glaciation of the Superior Lowlands by the Superior

Lobe affected the Study Area indirectly by impounding the St. Louis River to

create Glacial Lake Upham in the broad plain south of Hibbing and Virginia.

North of the Giants Range glacial deposits are generally thinner and bedrock is

more exposed than south of the range.

Physiographic provinces in the area include:

A) Embarrass Mountains, Taconite Mining Province.

B) The Drumlin Bog Province, composed of the Toimi Drumlin Field and inter­

vening wetlands.

C) Shallow Moraine Bedrock Province, encompassing over half the area, espe­

cially in the north. The .province include~ three parallel sets of end mornines

and intervening areas of ground moraine.
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D) Associated historically \vith the Outwash Morcdne Complex Province is the

Seven Beaver-Sand Lake Wetland Province, ah 'extensive peatland overlying

undescribed gl~cial material associated with the still stand of the Rainy Lobe

in the Out",ash Moraine Complex Province. The underlain mineral materials may he

either outwash or lacustrine sediments.

E) The Outwa'sh Moraine Complex Province, which lies at the east end of the

Vermilion Moraine complex. The landscape is pockmarked by small ice-block lakes

centered around Slate Lake.

F) The Embarrass-Dunka Rivers Sand Plain Province, formed by the impoundment of

northward flowing streams by the Rainy Lobe. The province is comprised of two

glaeial lake beds, Glacial Lake Norwood in the valleys of the Pike and Embarrass

rivers, and Glacial Lake Dunka in the Dunka River valley.

G) The Aurora-Narkham Till Plain Province, which is one of tvJO provinces ?SSO-

ciated with activities of the St. Louis Sublobe of the Des Moines Lobe. This

lobe originated in the Red River Valley Lowland, and the St. Louis Sublobe

extended eastward as far as the Study Area overriding lake sediments in the bed

of Glacial Lake Upham, which had receded after the retreat of the Rainy and

Superior lobes.

H) The bed of Glacial Lake Upham, which forms a separate province south of

Virginia and Hibbing. The bed was twice occupied by glacial lakes resulting

from the blockage of the St. Louis River, first by Superior Lobe ic~ and later

by St. Louis Sublobe ice.

I) The province ~outhwest of Vermillion Lake is the bed of an undefined glacial

lake whose history has not been 'investigated.
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The Laurei-Itian Divide passes through the Study Area separa~ing north,c'fl()\dn~~

waters of the Hudson's nay drainage from south-flovdng \vaters of the Lake

Superior drainage. The Kawishiwi River and its tributaries--the Dunka, Stony,

and Isabella rivers--drain northward through the m~CA. Farther \vest the Pike

River and upper reaches of the Little Fork River also drain northward. The

St. Louis River and its tributaries--the North, Partridge, Embarrass, and

Whiteface rivers--drain southward into Lake Superior. The Laurentian Divide

does not follow the ridge of the Giants Range, but rather the height of land

between the Embarrass and Pike rivers with southward drainage passing through

the Embarrass channel. To the east it passes through the Seven Beaver-Sand Lake

wetland separating the drainage of the North and Stony rivers.

2.3.2 Soils

Soils of the Study Area are the result of weathering of parent material (either

glacial deposits or hedrock) and decomposition of'i/organic matter, over a long

period of time. The texture (particle size) of the soil is dependent on the

nature of the parent material and is an important influence on the type of vege-

tation that develops. Thin soils and coarse-textured soils tend to support

xeric species (tolerant of dry conditions) such as jack pine, whereas finer-

textured soils which hold more water, allow more mesic species such as aspen,

maple, and white pine to thrive~ Organic or peat soils, resulting from

I'

incomplete decomposition of organic matter in waterlogged situations, support

those species that can withstand poor drainage) such as tamarack and black

spruce.

An example of thfn soils in the Study Area is the Hesaba-Barto Association

located mainly 'in the northeastern part- of the area '(Figure 3). The Cloquet-
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Unn<Jmcd-Toivola solIs that are common on uplands in the central portion of the

Study Area are deeper than the Mesaba-Barto soils, but often support xeric

forest communities because these loamy soils overly sands and gravels that cause

excessive drainage. On the other hand, the thick Newfound soils that are more

common in the Toimi Drumlin Field are less well-drained and more likely to sup­

port aspen-birch communities. Poorly-drained organic soils such as the

Mooselake and Greenwood series are widespread throughout the area and overlie

several types of parent materials including bedrock in the north, lake clays in

the southwest and northwest, and outwash in the southeast parts of the Study

Area. Once organic soils begin to build, they perpetuate poor drainage con­

ditions because of the high water retention capacity of Sphagnum, which develops

on them. On mineral (non-organic) soils in the Study Area, litter decomposition

appears to be most rapid on soils of the Newfound association (see Volume 3­

Chapter 1).

Figure 3

Characteristics of soil associations found in the Area are presented in more

detail in Volume 3-Chapter 1 of this report and in the first level reports on

soils of the Study Area and soil decomposition.

2.3.3 Major Plant Communities

.The vegetation of northeastern Minnesota has long been recognized as a mosaic of

forest communities. Marshner's (1930) map of the state's presettlement vegeta­

tion (based on records of the General Land Survey Office) illustrates this

mosaic very well. The section of this map showing the vegetation of the Study

Aiea (Figure 4) is based on land surveys done in the 1880s. On a gross scale
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the vegeta,tion appears to correspond Hell wi th physiographi c uni ts t wi th aspen­

birch communities most extensive in the Toimi Drumlin Field, jack p:i.ne in the

Shallow Moraine Bedrock Province, white and red pine in extensive areas of

ground moraine, wetlands in glacial lake plains, and hardwoods mixed ,vi th pines

along the Giants Range. On a finer scale, the influence of topography can be

seen in the inclusion of wetlands within areas of other extensive vegetation

types. Common canopy species of northeastern Minnesota have centers of origin

lying either within the Lake States or farther to the east and south (sugar

maple, ba,ss\vood, northern red oak, white pine, red pine) or in Canada (spruce,

fir, aspen, paper birch). In general, the vegetation of the area has been

rec~gnized as having affinities with the forests of the Lake States (Sargent

1884; Heaver and Cle'Olents 1929; Nichols 1935; Braun 1950; Bakuzis and Hansen

1959; Rowe 1 ). Modern distribution of the vegetation (Figures 5 and 6) is

'similar to the original vegetation on a gross scale, but varies on a fine scale

depending on the history of land use in the intervening period.

Figures 4,5, & 6

2.3.3.1 Succession--A computer model developed by the Regional Study (Sloss

1977) was used to predict future communi ty distribution in the Study Area. The

model uses a set of linear equations to account simul~aneously for the influen­

ces of natural succession, natural biotic and abiotic disturbances, and manage­

mentG Trends in natural succession were derived from the literature and from

comments by ecologists familiar with the Study Area. Epidemics of spruce bud­

worm and white pine blister rust were considered as the major forms of distur­

bance affecting the area. Current management guidelines for the Superior

National Forest were used to determine management vectors. The area was assumed
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to be compri-sed of dIscrete forest cover types (those used'by the Forest

Service), which vlere ass~9}ed to change from one type to another by discrete
~':.;'

increments. Three sorts~"of informat:i.on were ne"eded to construct the data

matrices: the age at which the first species is succeeded by a second, the pro-

bability of succession by a given succeeding species, and the age of the suc-

ceeding species at the time it gains canopy dominance.

Figure 7a-c summarizes the results of the model for changes within the

northeastern sixth of the Study Area over the next ]00 years. The fir-spruce-

deciduous communi ty was assumed to be the climax communi ty for the area. As can

be seen, the model predicts decreases in pioneer species and increases in shade-
,

tolerant species over time. Predicted increases in red pine and white spruce

over the next 100 years reflect forest management for these types. The ·slow

trend toward increasing lowland black spruce refl~cts succession from tamarack

and sedge communi ties to this type. Al though "mixed bog" is believed by many

ecologists to be the lowland climax, its failure to increase during the next 100

.years reflects the model's assumption that lowland succession is an extremely

slow process. Further discussion of the model and its results is presented in

the first level report "Predicting Forest Cover Type Changes for a Region of

Northeastern Hinnesota" (Sloss ] 977).

Figure 7 a-c

2.3.4 Seasonal Patterns

2~3.4.1 Plants--Observable patterns of leaf out, color change, and leaf-fall in

plants are related to physiological changes within the plants .. Certain elements

are distributed to the leaves when the sap rises but are translocated back into
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the bole and roots at the end of the season. Others are lost as the leaves

fall. The metabolism of rapIdly growing leaves and of actively photosynthe­

sizing leaves differs from that of senescent leaves. Thus, the value of plants

to animals varies seasonally, not only in the amount of leaf area present, but

in nutrient value.

Phenological studies are an important contributi0n to the understanding of

potential impacts because they establish an understanding of the timing of

seasonal changes. Unless normal dates of phenological changes are known for an

area, chrorosis c~used by air pollution could be mistaken for normal color

change. Premature leaf' senescence and abcission have been reported in deciduous

species near a nickel sme1 ter in Thompson, Nani toba (B1 aue1 and Hocki ng 1 974) •

More important than the possibiity that symptoms of injury may be confused with

normal changes are differences in susceptibii ty" to pollution at different pheno­

logical stages. Contrary to early reports (Zimmerman and Crocker 1934), newly

emerged leaves of deciduous species are apparently more resistant to 802 fumi­

gations than fully developed leaves (Tamm and Aronsson 1972). In addi tion to

differing susceptibilities at different stages of leaf development, studies have

shown that the stage of development of staminate and pistillate flowers of aspen

affects the influence of pollutants on reprodu~tion•

. During the two field seasons 'phenological observations were made at twenty si tes

along a north-south transect through the Study Area. Eleven deciduous woody

species were observed from mid April (1977) or mid Hay (1976) through the end, of

May and from mid August through October. Percentage data were recorded for

leaf-out, flowering, color change, and leaf-fall for each tree at each site.

Dates of initial leaf-out.varied from late A~til for tamarack to late May for

black ash. The small size of the sample for most species and the within-site
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variability make it difficult to document th~ obvious time )ag of several days

between the southern and northern parts of the Study Area.

No evergreen species were observed as part of this study, but Ahlgren (1957)

found that evergreens leaf-out in late May and June and that most flower

slightly before leaf-out. Five of seven evergreen species observed by Ahlgren

responded to temperature cues, such as maximum and minimum temperatures, to ini­

tiate activity. Only four of twelve deciduous species respopded to such cues.

The relationship of flovlering to vegetative bud swell followed consistent pat­

terns over the five years of Ahlgren's study. Four patterns of response are

rep~rted in his work: flowering preceding vegetative bud swell, flowering

following bud swell but preceding leaf-out, flowering following initial leafing,

and simultaneous bud swell and flowering. The Regional Study's 1977 obser­

vations were consistent with Ahlgren's findings fqr species observed in both

studies. Flowering of black ash preceded leafing by 2 to 3 ,.;reeks \vhereasthat

of tamarack followed leaf-out.

During the 1976 season leaf co.1or change in the Study Area began about e.;ro

weeks earlier than in 1977, but leaves oJ several species persisted longer in

1976 than 1977. This anomalous pattern is mainly explained by the fact that in

1976 many leaves wilted and turned brown (in response to severe drought) before

forming abcission layers. These leaves were retained until late fall.

Leaf-fall for evergreens is documented by Sargent (1933). White pine retains

its needles for 2 years, jack pine 2-3 years, red pine /~-5 years, both spruce

species 7-10 years, and fir 8-10 years. Evergreenness is an adaptation that

enables the plant tophoto~ynthesize early in the season before energy is allo­

cated for the formatlon of ne,\' needles in areas where the growing season is
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short. There is some evidence (C.C. Gordon., ·University of ~10rltana, personal

communication ]978) that air pollution reduces the retention time of evergreen

needles, diminishjng the photosynthetic efficiency of the plQnt.

2.3.4.2 Small Mammals--Th~ only species of small mammals collected in the Study

Area that hibernate during the winter are the chipmunks (!utamias minimus and

Tam~as stri~tus) and jumping mice (Zapus ~udsonicus and Napaeozapus insignis).

All others are active under the snow. The majority are small seed-eaters that

must rely on scavenging during the winter. Winter food resources for shrews are

not \VeIl understood but immature stages of insects may constitute a large part

of their diet. Red squirrels (Tamiasciurus hudsonicus) cache pine seeds '::01'

I

winter food.

Reproduction in all small mammals in the Study Area is limited to the sum~er

period. No more than two litters are produced in a summer.

2.3.4.3 Large Hammals--Among the large mammals of the Study Area, only three--

the black bear (Ursus americanus), raccoon (Procyon lotor) , and striped skunk

(Mephitis mephitis)-- are winter dormant. All emerge in March or April.

Porcupines (Erithizon dorsatum), muskrats (Ondatr~ zibethicus), and beaver

(Castor canadensis) establish winter dens or houses but remain active using

either nearby food or caches •. The herbivores--moose (Alces ~~), deer

(Odocoileus yirginianus) , and snowshoe hare (Lepus americanus)--use different

food and cover in the winter than in the summer. Both moose and hare con-

centrate in black spruce lowlands during the winter. In the Agassiz lowland of

northwestern Minnesota moose have been reported to move as far as 20 miles .to

favored \vinter habitat (Phillips, Berg, and Siniff 1973)0 Deer may migrate

similar distances and tend to concentrate in traditional wintering areas even
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after food supplies have been depletcdo Winter-usc areas ih a belt from

Burntside Lake to Garden Lake are generally associated with buffer zones between

'wolf packs (Hoskinson and Hech 1976; Hech and Karns 1977). Hinter-use areas in

the Study Area exhibit lower densities than \-linter deer yards along the North

Shore.

Predators such as wolves (Canis lupus lyc8eon), fisher (Hartes pennanti), marten

(Hartes americana), otter (..!:.~lTItra canadensis), mink (~1ustela ~~~on), and weasel

(Hustela spp.) remain active and in the same territories throughout the year.

Those that rely on. prey that change habitats during the winter tend to redefine

their use areas to follow those of their prey.

Reproductive activities of large mammals vary with. the duration of gestation.

Regardless of gestation period, breeding activity occurs at a time of year that

results in parturi tion during the spring. Bears are among the earliest large

mammals to give birth because the young are born in the den during dormancy,

usually around February. Young of most other species are generally born no

earlier than Harch and no later than Mayor early June.. Only two species--the

snowshoe hare and muskrat--have more than one litter at Minnesota's latitude.

In both cases the average number of litters is slightly over two.

2.3.4.4 Raptors and Game Bird~--Among the game birds, both ruffed grouse

(Bonasa umbellus) and spruce grouse (Canachites canadensis) are year-round resi­

dents, whereas the vlOodcock (Philohela minoE) is migratory. Display periods for

all three species extend from March through May.
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Resident raptors Jncluc1e the gOGhawk (Ac<;i'pf tel' .f~::..~_~} li~), great horned 0\.11

( B11 b0 v:i r gin ianus), bar r e rl (j'"j 1 S t r i x ~ a r i <:~), and sa \v-wbet 0\'11 (~~ g0 1 ius

and ospreys (Pan?!on heli~etu1) are migratory. Owls breed in Harch, all otr r

raptors in Hay or June. The path of south\'1ard migration is concentrated :in t:-;e

area of Duluth by the combined effect of the lake, the presence of ther~als, and

the southeastward extension of coniferous forests. The Ha\~ Ridge Reserve, 7QUr

miles east of downtown Duluth, has the highest numbers of migratory raptors in

the state, with peak levels in September. Seventy percent of birds passing this

point are broad-winged hawks (Buteo platypterus), but the list of species inclu-

desl all migratory raptors present in the Study Area as well as several \d th

. declining populations and the endangered Peregrine falcon (Falco peregrinus).

• •2.3.4.5 Songbirds--Four general categories of songbirds are present in th~

Study Area: migratory summer residents, permanent residents, winter visitants,

and migrants. Over 95 percent of summer observations were of migratory summer

residents, whereas approximately 60 percent of winter observations were of per-

manent residents.

Migration begins in late March with migratory finches and thrushes passing

northward into breeding areas in Canada. Summer residents generally arrive in
. ~l!'

late April and early May. As Erskine (1977) points out, strictly insectivorous

birds such as swallows, warblers, flycatchers, and vireos cannot afford to

arrive until about mid May and must leave by September. The resident season for

seed-eaters is extended somewhat in the autumn because their resources remain

available longer. Insectivores are resident for about 3 months, seed-eaters for

4-5 months.
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For almost: all species except: resident fruf.t. C'<Jters the hrs~cding season extends

from the last vleek of Hay through the sc~conc1 \vcek of J111y~ FruJ. t-eatcrs (mainly

wax\Vings) breed later \\Then theIr food source is more ovailable. Betv.,7een the

breeding season and migration the birds bc~come :inconspicllous to avoirl predat,ion

while they are in molt.

Year-round residents draw on all possible food sources including seeds, insect

larvae, fruits, prey, and carrion. A remarkable feature of winter bird popula­

tions is the 1 or 2 year oscillation in populations of seed-eaters that varies

with heavy seed crops of the boreal conifers. The Study's winter-bird data

reflect this pattern because the 1976-1977 season was one of low finch popula­

tiorys throughout the state.

2.3.5 Rare Species

Rare species are those whose ability to perpetuate themselves is jeopardized

either because of small population size, human exploitation, limited habitat,

habitat destruction, or other reasons. Many species actually in danger of

extinction are classified as "endangered" or "threatened" [Smithsonian

Institution 1975 (plants), U.S. Fish and Wildlife Service (animals)]. A species

may be considered rare for a geographic locati6n despite the fact that it is

abundant elsewhere. Isolated or outlying populations are likely to differ gene-

·tically from large continuous populations in the center of distribution. Loss

of such isolated or outlying populations means a loss in the genetic variability

of the species as a whole. The preservation of genetic variability is probably

the biggest single reason for interest in species that are rare within one

geographic area but widespread elsewhere.
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Protective legislation generally regulates, the killing or sale of membel~s of an

endangered or threatened species. An example is Hinnesota Statute 17.23, which

prohibits the sale of native orchids~ Not all species that ,are protected are

actually rare. Plants that are curiosities, subject to exploitation, or that

look like rare plants are often protected. Truly rare species are often rare

because their habitats are restricted. No measures for protection of individual

species can be successful unless the places where they live are also protected.

No exhaustive field inventory of rare species was conducted by the Copper-Nickel

Study. During the course of normal data collection, however, records of rare

species were made along with those of more common species.

2.3.5.1 Plants--Locations of rare and protected plants were ex~racted from spe-

cies lists for 277 Braun-Blanquet releve (vegetation survey) sites. Twenty-two
t

species of rare or protected higher plants were recorded in a total of seventy-

four occurrences. None of the five northeastern Minnesota species recommended

by the Report on Endangered and Threatened Plant Species of the United States

(Snlithsonian Institution 1975) \Vas recorded "Vlithin the Study Area. Two species
, .

listed by Morley (1972) as "rare in Hinnesota" were located during the course of

the study. Both of these species, northern comandra (Geocaulon lividum) and

large leaved sandwort (Arenaria macrophylla), are boreal plants near their

southern range limits. Twenty species of plants protected by Minnesota Statute

17.23 were located within the Study Area. A list of r~re species and their

number of records is presented in Table 5.

Table 5

Field data for rare plants were augmented by a review of all previous locations

recorded at the University of Minnesota Herbarium. This review covered all spe-



Tab I e 5. Rare s pe c i e s re po r ted \\T i t h i n t 11eStudy 1\rea as pa r t <:> f t. he
Regional Co pper-'Ni c kel Study.

NUNBER OF
OBSERVATIONS

SPECIES STATIONS

· Higher plants recorded in the Braun-Blanquet releves

Rare in Minnesota
northern comandra (Ceocaulon lividum)
large-leaved sandwort (A~enaria macrophylla)

Protected by Minnesota Statute 17.23
swamp pink (Arethusa bulbosa)
s pot t ed ·co r a1- ro-;r--(6;r.~~hi za In ac uI a t a)
striped coral--roo·t (Corallorhiza striata)
early coral-root (Corallorhiza t.riliJa)­
moccasin flower (Cypripedium acaule)
trailing arbutus (Epigaea repens)
redstem gentian (Centiana rubricaulis)
creeping lattice-leaf (Coodyera repens)
greater lattice-leaf (Goodyera t~~ta)
white bog orchid (Habenaria dflatata)
northern rein orchid (Habenaria hyperborea)
small rein orchid (Habenaria obtusata)
round-leaved rein orchid (Habenaria orbiculata)
fringed pink orchid (Habenaria psyc.hodes-)---­
heart-leaved twayblade (Listera--zord~

green malaxis (Malaxis unifolia)
rose pogonia (Pogonia ophioglossoides)
slender ladies-tresses (Spiranthes lacera)
northern ladies-tresses (Spirantbesr~zoffiana)

nodding trillium (Tri~li;~nuum)

Songbirds observed during the breeding bird census

Rare in the Superior National Forest
. gosha\oJk
*sharp-shinned hawk (Accipiter striatus)

sparrow hawk (Falco sparveri~s)

spruce grouse (Canac.TJl~~~densis)

sora (Porzana c~roli~
ki lId eercCharadri~svoci f e rus)
common sni pe (Cape 11ag-;I~ago)
solitary sandpiper (Tringa solitaria)
barred owl (Strix var~
saw-whet O\.,rl~egolills Bcadicus)
pileated woodpec.ker (Dr'yocopus -pileatus)
black-backed 3-toed woodp'ccker (Picoidcs nrcticlls)
eastern phoebe (SClyornis phoebe)------ ------
boreal chickadee-(Parus r;;:~lwnTcus)

1
1

1
14

3
2
9
1
2

12
3
1
5
1
1
1
1
1
1
1
1
7

1
1

2
2
3
7
1
1
1

12
1
1
7



Table 5 continued.

SPECIES---------- --------------------

NUt·lEER OF
013SERVATI ()~;S

STATIO~S

white-breasted nuthatch (Sitta carolinensis) 2
brown creeper (Certhia fm~~;ris) 24
house wren (Troglodytes aedon) 2
short-billel marsh wren (Cistothorus platensis) 4
catbird (Durnatella carolinensis) 18
Philadelphia vireo (Vireo phiLJdelphicus) 8
yellow warbler (Dendroica pct~hia) 7
Connecticut warbler (Oporornis agilis) 74
Baltimore oriole (Ict~rus galbula) 2
Brmver' s blackbird--CE~~f,us cyanocephalus) 43
indigo bunting (Passerina cy;nea) 1
Lincoln's sparrow (rlelospi~a lincolnii) 35

Very rare in the Superior National Forest
whip-poor-will (Caprimulgus vociferus) 1
great crested flycatcher (Myiarchus crinitus) 1
brown thrasher (Toxostoma rufum) 32
clay-colored sparrow (Spizella pallida) 6

New in the Superio~ National Forest (circumstantial evidence)
golden-winged warbler (Vermivora chrysoptera) 61

Additional Blue List species
*sparrow hawk (Falco sparverius) 30
*common nighthawk (Chordeiles minor) 9

-Raptors

Endangered (random observations)
bald eagle (Heliaetus leucocephalus) 7

*osprey (Pandion heliaetus)

Other Blue List species (random observations)
marsh haHk (Circus cyaneus) 2 .
sparrow haHk (Falco~~rius) 53

Small Hammals (number of sites from which the species was collected)
Franklin's ground squirrel (Spermophilus franklinii) 2
squthern bog lemming (Synaptomys cooperi) 1

Large Mammals (random observations) _
eastern timber wolf (Canis lupus lycaon) 7
eastern cougar (Fel~s conc'olor schOrgeJ:i) 4

* Denotes Blue List species



cies in Lake and St. Louis counties that were recommended by the Smithsonian

Institution for national listing as threatened or endangered species, recognized

as rare in Minnesota (Morley 1972), or protected by Minnesota Statute 17.23. A

series of maps and lists of previously recorded stations prepared from this

review is presented in the first level report "Rare Plants in the Study Area and

the Arrowhead Region" (Sather I 977).

Seventy-four lichens 'Here collected for the Copper-Nickel Study at only one or

two out of 64 collection si tes. Two of these species (Parmelia revoluta and

Lobaria quercizans) were new records for the state. The previously recorded

range of Parmelia revoluta is several hundred miles farther south.

Of 107 mosses collected at 22 sites, 60 were present in only 1 or 2 plots. Six

rare species were collected: Trematodon ambiguus' (first record for the state)~

Grimmia hermanni (first record for the state), Callier-gon richa~:dsonii, Hnium

drummondii, Tomenthypnum nitens v. falcifolium, and Meers2~ triquetra.

2.3.5.2 Songbirds--Thirty of the 104 species of birds recorded in the Copper­

Nickel Study breeding bird survey are recognized as rare or very rare in the

Superior National Forest (Green 1971). These Species are listed in the first

level report "Songbirds of the Study Area" (pfannmuller 1977). Three of the 104

. species are on the National Audubon Society Blue List--a listing of species

undergoing widespread or local population declines. Not all these species are

rare in the Superior National Forest. All Blue List species are noted with an

asterisk in Table 5. Although no nest \..,a8 located, repeated ob fvattons

suggest that the Yellow Warbler (Vermivor~ chrysoptera) was nestIng in the Study

Area. This species has not been previously reported' as a nester in 'the Superior

National Forest. Two other warblers observed during the breeding bird survey
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have been recognized by the State of }1innesota (HDNR 1975) ,as "mertttng special

concern." These species are the Tennessee warbler (~~nnivora peregrina) and the

Cape Hay warbler (Dendrc~..ica tigrilHl).

2.3.5.3 Raptors--The peregrine falcon (Falco pere~rinus) is the only rartor

classified urider federal regulations as an endangered species~ It was not

observed in the Study Area. Minnesota lav] protects three additional raptor

species--the bald eagle (Helineetus 2:.~ucoc.erhalus), marsh ha\.,1k (Circus cyaneus),

and Cooper's hawk (Ac~ipiter cooperi). The first two species were recorded as

chance observations but were not encountered during the breeding bird survey.

The secretive habits of the Cooper's hawk may account for the lack of any obser­

vati,ons during the two year study period. The osprey (Pandion ~liaetus), a

species of uncertain status (MDNR 1975), was recorded both as a chance obser­

vation and during the breeding bird survey.

2.3.5 .. 4 Small Mammals--The only small mammal listed by the MDNR (1 5) as an

animal "in need of special consideration" is the rock vole (Microtus

chrotorrhinus). Although the rock vole was not observed as a part of this

study, it has been reported within the Study Area near Burntside Lake (Swanson

1945; Handley 1954). Other species of interest are the heather vole (Phenacomys

intermedius), not observed during this study; the Franklin's ground squirrel

(Spermophilus franklinii), collected at -two si tes; and the so.uthern bog lemming

(Synaptomys cooperi), collected at one site.

2.3. 5. 5 Large Mammal s--The eastern timber wol f (Cani-E. lupus lycaon) is the anI y

large mammal in the Study Area that has been accorded naiional recognition. The

Study Area lies \vithin the prime habitat for \yolves ~vithin the contiguous United

States. Recorded p~puiati~n densities of one wolf per 10-13 square miles are as
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high rJ.s anY\>lhere in the Uni, ted States and dens:I ties are highest along the north

shor,e of Lakt~ Superior (Van Ballenber[;ue 1972). A second species of interest

is the eastern cougar (!~~lis _~oncol~.!: schorgeri), 1jsb~d with "species that are

extirpated or rare in Hinnesota and have little future" (HDNR 1975). Four

sightings of the eastern cougar have been made between 1974 and 1977 in the

Study Area.

2.3.6 ~xisting Human Disturbances

Table 6 summarizes land-use and the distribution of forest communities in the
,

Study Area. Activities associated with human development affect only about 12

percent of the area, but nearly all of the land has been a1 t.ered since European

I

man settled northeastern Minnesota 100 years ago. The most dramatic impacts are

those associated with the construction of townsites and industrial development,

especially iron ore and taconite mining. Natural ecosystems in these areas have

essentially been destroyed or at least altered to such an extent that they are

no longer recognizable. The magnitude of alteration increases in the order

agriculture less than urban/residential less than mining, although many areas

associated with mining (e.g. plant sites, tailings ponds, waste rock piles) can

potentially be reclaimed to some of their pre-operational ecosystem functions.

Agriculture in the region is concentrated on the harvesting of hay and forage.

Farms ar,e generally small (40-80 acres or less) and are inte.rspersed among

forested areas. As a resu1 t, they frequently complement adj acent natural eco-

systems, at least with respect to wildlife habitat. Forested areas have also

been signific.antly impac ted by other human ac tivi ties, al though c.hanges are

subtle and often reversible.

Table 6
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Table 6 continued0

Table 6 permits comparison of several schemes of land use and community classi­
fication that have been used in inventories of foreted lands in northeastern

.Minnesota.. The communities fit into a hierarchy of classifications that are not
always equivalent. From the most general to the most specific land uses and
communities are distinguished by the following systems of classification:

1) MLl1IS 1 and use types are inven tories for the area on the basi s of 40-ac re
cells. Land uses are distinguishable on aerial photos at a scale of 1:80,000
and forest land uses can be further subdivided into r~MIS community types as
shown in the table.

2) MLl1IS community types are inventoried for the area on the basis of 40-acre
cells, distinguishable on aerial photos at a scale of 1:80,000. These sub­
divisionp of MLMIS forest land use types include the Regional Study's more
detailed community types as show'n in the table.. Note that MLMIS spruce-fir
forests include both upland and lowland types as defined by the Regional Study's
classification.

3) The Regional Study's community types are based on numerical classification
of 277 field sites and can be distinguished on aerial photos at a scale of
1:15,840. Except for upland spruce-fir communities, these types correspond well
with the MDNR's Minesite classification for which areal coverage data are
available on the basis of hectare cells in the eastern portion of the Study
Area. Comparison of the proportions of Minesite and MI~IS communities in the
Minesite area and the Arrowhead Region provide the only indication of the actual
proportion.of the Regional Study's community types throughout the Study Area
because vegetation mapping was not included as a part of the Regional Study.

4) Society of American Foresters' cover types are used by the Forest Service in
its compartment inventories and can be distinguished on aerial photos at a scale
of 1:15,840. These more detailed types are included within the Regional Study's
broader types as shown. SAF types are included in the table because 'they are
the management types ....'i thin the Superior National Forest and the terminology
likely to be found in Forest Service Publications.



Re c en t s t \Jdie s (mo s t not ab1Y t h(] t 0 f 1Ic inse 1111 em 197 3) sh0 \v. t h3 t t: he for est s 0 f

northern Minnesota burned extensively before the arrival Df European man and

that the virgin stands of pine that occupied the area \.vere in fact dependent

upon recurrent fire for their perpetuation. Between 1880 and 1920 most of these

pine stands were harvested and the incidence of fire greatly increased as large

quanti ties of slash provided fuel for fi res. Fi res were so extensi VB tha t they

made habitation of the region dangerous, and extensive fire suppression efforts

were instituted in the early 20th Century. Once logging activities diminished

fire suppression efforts became increasingly successful and the incidence of

fire in recent years has been greatly reduced. ,Thus, post-logging vegetation

has developed under condi tions qui te different from those that existed prior to

about 1880.

In the absence of fire, timber cutting and other forest management activities

have increasingly affected the terrestrial ecosystems of the Study Area. 'A

large proportion of the Study Area lies within the boundaries of the Superior

National Forest (SNF) and timber production is a major use for these lands.

Activities such as timber cutting, mechanical site preparation, prescribed

burning, tree planting, and herbicide spraying strongly influence the character

of vegetation in the SNF. Although management is not so extensive, timber har­

vesting on state, county, and private lands outside the national forest is

growing in importance as regional and national demands for building materials,

paper, and other forest products increase.

The uses of forests for other amenities (e.g. recreation, vlater, and wildlife)

are also importapt but generally have more localized impacts than timber

cutting. 1'11ning development directly or indirectly affects most of these wneni­

ties. Because individual operations affect small areas compared to the region
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as a whole, i.mpac.ts are likely to be grealest on forest amenities other than

timber production. As demand increases for all these amenities, conflicts T,-Jith

mining will ine~itably increase.

2.3.7 Habitat Types

Ftndings summarized in the following communit~ descriptions are drawn from both

primary and secondary data sources.

A set of 277 semi-quantitative field surveys (Braun-Blanquet releves) provides

the bas{s for classification of the vegetation into community types.

Quantitative data are available for 62 of the 277 stands. Figure 8 shQ\';s the

locations of the 62 sites used in quantitative sampling. Summaries dealing vnth

the floristic composition of vegetation types are based on 'the releve' data,

wh~reas estimates of plant species 'densi ty, . cove~age) and basal area are based

on the quantitative data set. Plant communities'were identified by a com­

puterized method of cluster analysis that joins together stands with similar

floristic composition, while taking into account the relative coverages of the

respective species (Orloci 1967).

Figure 8

Discussfons of small mammals within each habitat type are based on data from

remo~al censuses (trapping) conducted in both 1976 and 1977. A total of 86

grids were trapped at 61 sites in all habitat types except ash stands and mixed

black spruce-jack pine stands. Characteristic species \AJere identified by sum­

marizing relative densities and frequencies for each small mammal species within

each habitat type and comparing these values between habitat types. Only those

mammals capable of being caught in a "Museum Special" (rat--'sized) trap ylere
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included in the census. Examples of f:uch mammals are mice., shrews) and small

members of the squirrel family.

Habitat preferences for larger mammals (e.g. weasel, porcupine, deer, bear) were

ascertained from an extensive literature review. This review was supplemented,

where possible, by examination of Minnesota Department of Natural Resources

(MDNR) records. Such records are useful in identifying the portions of the

Study Area being used most intensively by particular species. Deer-hunter sur-

veys and aerial censuses for deer and moose provided additional information.

The literature review pertaining to game-birds and waterfowl was supplemented by

a spring singing-ground census for woodcock and 'a spring drumming census for

ru(fed grouse. These techniques underestimate game-bird populations because

they only account for resident displaying male birds. They do, however, provide

.
an index by which to compare use in different habitats. An aerial census of

migratory 'vaterfowl was conducted during the migration season, when numbers of

birds are highest~ in order to compare use of different watersheds. The migra--

tory waterfowl census does not reflect resident breeding duck and geese popula-:-

tions.

The songbird census, on the other hand, was directed at the breeding population.

Censuses were conducted in 45 stands of 9 habitat types during the 1977 breeding

season (late May through mid,July). Each stand was visited 4 to 6 times and

locations of singing birds were mapped. Data from these observations were sub-

jected to cluster analysis based on bird species composition. Stable clusters

of stands were identified as bird communities that were then related to the

major vegetation types. Winter bird censuses were also conducted in the major

habitat types.
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2.4 FORH OF THE ANALYTI CAL RESULTS

Independent analyses of vegetation, small mammal, and bird data produced inde­

pendent classifications of species assemblages 'for the three groups. Species

assemblages recognized among the small mammals and birds do not al\vays

correspond directly with communities recognized from the vegetation data.

2.4.1 Plant Communities

Nine major forest groups were identified from the releve data by cluster analy~

sis base~ on canopy species composition. These groups fall into the following

broad framework and represent eleven plant communities:

Wetiands

Group 1. Shrub carr, dominated by speckled alder or heath bog (Alnus rugosa)

Group 2. Wetland 'conifers

A. Spruce bog, dominated by black spruce (Pice~ mariana)

B. Tamarack bog, dominated by tamarack (Larix laricina)

c. Cedar bog, dominated by northern white cedar (Thuja

occidentalis)

Group 3. Ash wetlands, dominated by black ash (Fraxinus nigra)
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Group 8.

Group 9.

A. Nearly pure aspen-birch

Mixed coniferous-deciduous, dominated by combinations of aspen,

birch) black spruce, fir) and jack pine

White spruce plantations dominated by white spruce (Picea glauca)--_.-----

(not one of the eleven major plant communities)

Compari.son of these communi ty types \\1i th those defined by the Minesi te and Hv·as

inventory programs (computer based inventories of the }IDNR and State Planning

Agency) indicates a high correspondence. Tabulations from these inventory

systems can therefore be used to estimate the proportion of the Study Area in a

given vegetation type.

These communi tytype's differ from those that were present in the area before

logging. Marshner's (1930) reconstruction of the original vegetation of

Minnesota from the General Land Office Survey notes shows that communities pre-

sent in the 1880s generally correspond with physiographic provinces (Figure 2).

The portion of Marshner's map that covers the Study Area is shown in Figure 4.

Th~ relati?nship of present vegetation to physiography can be seen by consulting

Figures.9a-e) a series of cross-sections through the Study Area.

Figures 9a-e

The eleven plant community types defined for the Study Area are differentiated

on the basis of both structural (Table 7) and floristic (Table 8) properties.

Structural characteristics and species composition vary along a continuum in

undisturbed stands. This continuum is reflected in Table 8 by the attrition of

wetland species and increasing dominance of upland species along a gradient from
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Ash to Conifer-Deciduous communities. Hhcre disturbance su.ch £IS loggtng h38

occurred, the structural attributes of the community are simplified, reg3I'dless

of its floristic composition (Table 7). Elemertts of the ecosystem, such as

small mammals, which respond more to structural than floristic properties,

therefore, exhibit habitat preferences that relate more to successional stage

than to community type.

Tables 7 & R

2.4. 2 Small H':lrnmal s

Cluster analysis of stands based on relative densities of small mammal species

did not prove useful. Three groups were recognized, a group dominated by shreT",~s

(Sorex cinereus), one dominated by the red-back voles (Clethrionomys gappe!i),

. '

and one dominated by woodland deer mice (Peromyscus maniculatu~). Although the

shrew group was significantly correlated with high moisture values derived from

synecological coordinates (Bakuzis and Hansen 1959), the other groups did not

exhibit similar correlations. The functional approach proved more useful for

relating small mammals to habitat types. Of the three functional groups that

were recognized, granivores (chipmunks,'.Eutamias; woodland mice, Peromyscus; and

jumpi ng mice, Zapus and Napaeozapus) were most abundant in open habi tats such as

young successional stages and grassland. Grazers (voles, Hierotu~; a~d southern

bog lemming, Synaptomys) were more abundant in closed upland forests where

grasses and sedges are less likely to bear seed. In vletlands, where the forest

floor is often dominated by mosses, carnivores (shrews, Sorex and Microsorex)

were most abundant.

2.4.3 Songbirds
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TABLE 8

Common Name

PEHCENT PRESENCE OF ~)ELEC'rED PLANTS IN FOEEST C01'1f.1lJNITIES
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TABLE 8 C()NTINUED

Spring beauty

Hepatica

Hild ginger

Trillium

Ladyslipper

Coral root

Rattlesnake plantain

D Absent from plots in thi9, habitat

Claytonia caroliniana

AsarLml canadense

Trillium ccrnuum

... '" ....f-...:.....:-...:....t. ...:.. ..:..••.:-.~~f-----------~------t
Goodvera .repen~

[[1 Presen~ in ~1-75%.of_
......... plots 1n th1S ha bl. ta t.

(' (' C
) (1 ('

[II] Present in 1-25% of
. plots in this habitat

P~esent in 26-50% of
plots in this habitat



Cluster analysis based on bird species composition recognizes nine distinct bird

communities that are mainly associated with structural attributes of habitats

(Figure 10 and Table 7). In order of increasing structural complexity these

communities are:

I. Grassland, characterized by the mourning warbler/chestnut-sided

\varbler -and brown thrasher / sparro\q hmyk species associations

II. Recent clearcut, characterized by the mourning warbler/chestnut-

s~ded warbler and brown thrasher/sparrow hawk species associations

III. Young plantation, characterized by the mourning warbler/chestnut­

sided warbler and common flicker/brown-·headed cowbird species

associations

~

IV. Aspen regeneration, c.haracterized by the red-eyed vire%venbird,

mourning warbler/chestnut-sided warbler and common flicker/brown-

headed cowbird associations

V. Alder carr, characteriz~d by the gray catbird/swamp sparrow species

association

VI. Disturbed shrub, characterized by the red-eyed vire%venbird and

mourning warbler/chestnut-sided warbler species associations

VII. Conifer bog, characterized by the yellow-bellied flycatcher/

Connecticut warbler species association

VIII. Mature coniferous upland, characterized by the hermit thrush/

Blackburnian warbler species association

44



IX. Nature deciduous upland, cho.racterL:cd by the red~"eyed vireo/

ovenbird s~ccies association

\-1i thin these songbi rd communi ties, groups of spec les make use of similar resour­

ces and can be divided into functional guilds, as shown in Figure 16.

Such guilds are generally related to the structural attributes of the community.

For example, comparison of Table 7 with Figure 16 reveals that in recent clear­

cuts where the canopy layer is unimportant, timber-feeders are less important

than in other communities.

Figure 16------

The above groupings are summarized in Table 7b. The community c}-laracterizations

that follow are based on the organizational fra-.mework provided by the classifi­

cation of. plant communi ties. Discussions of distinct small rnammal and bird com­

munities are presented where appropriate.

Figure 10, Table 7b
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FIGURE {6
FORAGING GUILD COMPOSITION OF SONGBIRD ASSOCIATIONS ~N MAJOR COMMUNITIES AT VARIOUS SUCCESSiONAL STAGES
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FIGURE 10
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2.5 lZEG10t\AL CHARi\CTER1ZI\TI0N

2.5.1 Hetlnnds

lYetlands vary from treeless sedge DIats to forested bogs usually dominated by

conifers, and from cattail marshes to alder carl'S and ash stands (Figure 11).

Wetland communities intergrade with uplands \vherever and \'Jhenever conditions are

suitable for the'species of one community to invade the other. In dry years

upland species such as birch may invade wetlands, and in wet years or in areas

established on upland sites.

Figure 11

The xeleve sample included treeless \vetlands '\'lhich were either classified

according to the fe\v scattered trees present or were excluded from the analysis

because the cluster analysis that was used to classify these communities was

based on prevalent canopy species only. No treeless wetlands were sampled as

part of the quantitative studies.

2.5.1.1 Shrub Carr--Treeless wetlands vary from fen (open grass and sedge

meadO\vs usually adjoining lakes and streams) through heath bogs, dominated by

low shrubs, to carrs dominated by tall shrubs. All of these types v7ere sampled

in the releve sample se t, but only alder carrs were sampled quanti tati vely for

vegetation, small mammal s, and songbi rd s.

Heath bogs ,occur throughout the Stuoy Area i_n association with open spruce and

tamarack bogs. In the northern part of the Study Area they are best developed

in~ drmvs between rocky 'ridges and at the margins of lakes.. The tyP(~ 1.8 most

!~ 6
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extensively developed in the \·wtershed of the North River 011 bog soils overlyi

glacio1 outwosh. Heath bogs are uncommon in the St. Louis River watershed~

Because they generally l1<1ve poorly developed tree and hi,gh shrub layers) these

bogs are usually classified by foresters as "nonproductive swamp. II The con­

tinuous 10\01 shrub IDyer is dominated by members of the heath family (~_!icace2e)

such as leatherleaf (Cham:1ed.?phn~ calyculata)) bog laurel (Kalmic: yolifolia))

and bog rosemary (~ndromeda B.laucophylla) Cfable 8). The herb layer is gener211y

sparse and of 10\01 species diversity, dominated by sedges (Cyperaceae) and b8g

cranberries (Vaccinium oxycoccos). Carnivorous plants such as pitcher plants

(Sarracenia purpurea) and sunde\1] (Drosera rotundi'folia) develop their best JX>pu­

latipns here, . relying on insects as a source of ni trogen. The habi tat is pre­

ferred by several orchid species, including Arethusa (Arethusa bulbosa), rose

pogonia (Pogonia ophioglossoide.s), grass pink (~a!opogor: pulchellus), and

'Lister's tVlayblade (List~ cordata). Sphagnum mosses form a continuous ground-

cover.

Heath bogs are high in both moisture and sunlight. Because their nutrient

supply is derived more from rainfall than runoff from neighboring uplands, they

are acidic and poor in nutrients. Accumulation of undecomposed organic matter,

especially Sphagnum mosses and sedges (~~rex spp.), in wat~r-logged) acidic con­

di tions resul ts in the development of deep peat soils. , Hhere such we tland s are

extensively developed they exhibit patterns in the vegetation that reflect the

flow of nutrients in watercourses and the nuances of underlying topography. An

example is the patterning, associated with the underlying Laurentian Divide, in

the Sand Lake wet and lying in T.59N., R.IOW.

\']he1'e heath bogs srade into npcn sedge meadoy]s (fens) near water, they beco,:1e

important for waterfO\'Jl, which rely on the sedges for food. The fens in the
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vlD.tersllCc1s of the North and St. LouLs ri.ver~-: may partially .}ccount for the

sprin~ concentrot:lon of rnigroting watcrfO\'ll i.n these areas. Use of heath bogs

by large mammals, especinlly moose i\]ces _nlr:!.:::~~), clppears to be occasional as

they pass through on their way to water or food. Winter use is limited by deep

accumulations of sno\". Al though the hahi tat J~~E. se Has not sampled for small

mammals, thel:e is a drop in the number of characteristic species between closed

and open tamarack bogs, suggesting that only those mammal species characteristic

of open bogs -(e.g. the arctic shrew [Sorex arcticus] and masked shrew [Sorex

cinereu.s]) Hould persist in heath bogs.

Alder carl'S differ from heath bogs in both tl1eir structure and speci.es com-

posi tion (Figure 12). Trees and lo\<] shrubs are general] y infrequent, "\vhereas

shrubs between one arid three meters in height achieve their highest basal area

in t~is habitat. Within the Study Area carrs are best represented by alder

carl'S in the Toimi Drmnlin Field on bog soils bet"ween the drumlins (Figure.13).

In contrast with ericaceous bogs, "7hich are better developed on outy/ash soils or

between thin-soiled ridges of the Kawishiwi and Isabella watersheds, alder carrs

are 'well supplied \'7i th nutrients from runoff from the deep-soiled, loamy

drumlins. The good supply of minerals is enhanced by the nitrogen-fixing abili­

ties of the alder. Cluster analysis of wetlands based on synecological. coor­

dinates suggests that within the Study Area alder carl'S are most similar to

cedar bogs in their physical attributes.

Figures 12 and 13

Speckled alder (Alnus rugos~) is the dominant shrub species, but willows (Salix

spp.), red osier dog\Vood (Corn~u:; stol!..nife~») and "green alder" (I lex

yer_ticellata) are frequent (Table 8). Lending families in the herb layer are

.!~ 8
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the dai sy family (::::ompo:~).:.._~0.!), buc.k'rlhcat fDmi ly (i~)..LLE~2..l~C.['(J~), and madder

family (I~111"0-ilc('()e). The ground layer i.s pLltchy \.,j tll exposed mud and water

-interspersed \-lith sedr,es, forbs such as violets ·(~.LC2-~~. spp.), and water hore-­

hound (lJY':.~pus ynif:l~.~_~~~). Plant species diversi ty is high, but rare plants 'are

infrequent.

Characteristic small mammals of alder carrs are shre\Vs (~ore~ <1rcticus and So~x

cinereus), which prefer moist habitats. Large mammal use is generally

restric ted to moose, \\7hich use the VJillow and red osier dOg'VlOOd for food and the

habitat f~r spring. and fall cover. Some of the highest densities of moose in

the Study Area are located in the watersheds of the St. Louis and \vhiteface

rivers '\vhere alder carrs, recent cutovers, mature deciduous stands, and

slmv-flmving streams abounding in aquatic macrophyt'es combine to fill all the

moos~ts seasonal needs.

Alder carrs are prime habitat for woodcock (Philohela minor) throughout their

period of summer residence. This habitat is used for cover, food, display

grounds, nesting, and staging areas for fall migration. The importance of alder

carl'S for woodcock suggests the Toimi Drumlin Field as a target area for future

management of this relatively unexploited game species. Alder carr ~so provi­

des summer cover for hens and broods of ruffed grouse (Bonasa umbellus). In

.addition to protection from avian predators, the habitat offers an ample supply

of the chick's sole die t for thei r fi rst three weeks--insec ts harbored among the

ferns.

Songbird communi ties of alder carrs are faunistic:ally distinct from those of

other h<1bitats,,- Chnracteristi_c species include the alder flycatcher (Emr~~?n~.~.

-!:railii)) cathird (~~tmatc!..la caroli~e~sis), veery (nylocichla !tlGc_esc..~.~.:~),
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golden-winged Hnrblcr Verndvorn _<::_!ll)rS?J!.!~~~:')' common ycllo\<lthrodt (~~?th~ypi~

in the breeding bird census diffQred from each ,other 'markedJy in both the nUPlber

of species and den[d ty of bi rds" The hfghcst densi ty of bi.rds (2400 pairs pr2r

km 2 ) and the largest number of species (26) in the entire survey \vere found in

the more structurally diverse of these two plots.

2.5.1. 2 B~ack Spruce Bog~--Black spruce bogs are vlel1 developed throughout the

Study area except in the Toimi Drumlin Field where they are replaced by alder

carl'S (Fipure 14). North and east of the Giants Range they occupy narrow dra\,'s

between the uplands, and they encircle small lakeso Portions of the extensive

Seven Beaver-Sand Lake wetland have developed spruce of merchantable size.,

Spruce bogs are also an important element in the bed of Glacial ~ake Dunka,

southeast of Babbitt. In the east-central portion of the Study Area, spruce

bogs are well developed along the major streams, especially between the upper

forks of the Dunka River. The more extensive nature of these bogs compared to

tho se in the K8\\1i shi yli watershed has resul ted in thei r commerc ial use.

CustOTIlary practice usually involves logging in strips, rather than clearcutting.

Regeneration is usually good. Logged spruce bogs along Twenty-Proof Creek are

less dense than their unlogged counterparts of the same age, but the trees left

after thinning are of greater diametero Where spruce bogs grade into heath bogs

and nutrient supplies are poor, trees are widely spaced and d~varfed. Such open-

grown forms are commercially valuable only as Christmas trees.

, Figure 14

The v,1etland black _spruce community is llsually, ch~1rac'terized by open oi~ closed

spruce canopi c s (Fi gure 15), 0 f ten fes tooned \"i th the lic hen "Old Han's Beard"
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\'linter food. Generally tl1C're are fe'Vl high shrubs and a variable ]o\·! ~Jn"llb layer

dominated by Labr·LJdor tea (~~dur!2 gr()£...!2-l_~~~~~.!::~)', leatherleaf ~ and d\varf bi rch

(Betu] ~ J:.)~lmil~). Herbaceous layers vary clcc.ording to the Dvailable nntrient

supply, moisture, and light. Acid, wet situations favor the development of

(Table 8). Where the bog inter-grades with the transitional black spruce-jack

pine community, feather mosses, creeping snowberry ,(Gaul..~heri_~ hispidula),

rnyrtilloides), and bluebead lily (~..:1jn~onia borealis) are more frequent. Of

habitats investigated in this study, spruce bogs exhibited the highest fidelity

of subcanopy structural layers (herbs and shrubs) to canopy type. That is to

say, species of herbs and shrubs were more frequently found together in con-

si stent assemblages in thi s communi ty than in any' other ..

Figure 15

Considering the large number of spruce bogs sampled, the proportion of rare

plants in this community is lower than in other wetland coniferous communities.

Most rare species found in spruce bogs are members of the orchid family

(Orchidaceae) •. The northern comandra (GeocDulon l~vj dum), a boreal member of

the sandalwood family (Santalaceae), is at its southern range limits in the

Study Area and was found in one spruce bog (plot T05) where it had been pre-

viously collected by Lakela (Lakela 1965).

Spruc,e bogs are not the single most important habitat for any of the small nwm­

mal species. The arctic shrew attaIns high f'requcncies ina-1l conifer bogs,

where its reI at i ve densi ty Is po si ti vely carrel a ted vli th the number of low shrub

. S1



FIGURE 15 BLACK SPRUCE BOG
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sterns. This preference sugp;ef;ls that It: should be morc comlnon tn more open

spruce hogs \\11 th ericoc.cous undc'r::,tori.cs tl1C1T1 in the closed mature bogs \-1i t11

\']011 developed moss layers and poor development of high shrubs, 1mv shrubs, and

herbs.. The abundanc.e of both the m<1~)ked shrew and pigmy sIlrevl (Hicrosorex _~oyi)

is positively correlated with higher cover of mosses, suggesting that these spe­

cies should be more import<1nt in marc mature, shade.d spruce bogs \'1i th open shrub

layers. Three additional small mammal species that are characteristic of black

spruce bogs are the short-tailed shrew (Blarina .!>revica~lda), red-backed vole,

and meadow vole (~icrot1Js pennsylvanicus).

Mature spruce bogs provide nesting sites for ospreys (Pandion heliaetus), and,

to a smaller extent, bald eagles (Heli aeetus leucocephalus), especially when

these bogs are near water. Both species rely on fish as their major food

source. The single most important game bird using spruce bogs is the spruce

grouse (Canachites canadensis), which uses the habitat year round for food

(spruce needles), cover, display grounds, and brood cover.

Results of the breeding bird census showed that conifer wetlands as a group are

characterized by a distinctive avian fauna, but that the cover types of wetlands

could not be distinguished on the basis of bird species composition. Perhaps

the most distinguishing feature of the unique bird community associated wit~

wetland conifers is that nearly three-quarters of the individuals present are

groundnesters, dependent on the Sphngnum ground layer and ericaceous lOvl-shrub
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layer [ 0 r nest i ngIll;] t: e ria1 a11 d cov e r 0 At t.hG' ~; a III e t 1. met1t E~ Be h i r cl s are pic ke r: s

and glear1C'rs) dependent for their food I:::urply on the tnsccts hal'bored in the

evergreen canopy. The percentage of ground-nesters i.s higher tlwn in 8ny other

communJty type.

Ground-nesters characteristic of conifer lO"\'llands include the Nashville \,,~arbler

(Vermivol~1 rufical?illa») C.onnecticut warbler C.0_porornis 3gi]1s), Lincoln's

sparrovl (Helospiz3 lincol~1ii») yellow-bellied flycatcher (Empidol1flX

flaviventr!s») \<linter \"ren (Trogl?dItes _troglodytes), Tennessee warbler

(Vermivor'a ..E.~£.El:grina), and dark-eyed junco (~~ 11ye1'n3l is) • The Tennessee

vlarbler has been recognized by the state of Ninnesota (NDNR 1975) as a species

"mer/i ting special concern,," All but one of these ground-nesters, the Nashville

warbler, have been recognized as a,potentially critical, unique, or indigenous

species dependent on habi tats found 'in northeastern Hinnesota (Niemi 1977, Lake

Superior Basin Study, Duluth, unpublished data).

Hinter observations showed very low numbers of birds in all habita.'ts. Conifer

wetlands with closed canopies averaged twice as many observations 'per five-hour

observation period as those with open canopies, probably because closed stands

provide more surface area for foraging and protect the birds more from exposure

to winds that cause loss of body heat. Q1aracteristic winter birds of the

conifer lowlands included the gray jay (Perisoreus canadensis), northern

three-toed woodpecker (Picoides tridactylus), and boreal chickadee (Parus

hudsonicus)" Of these, the boreal chickadee is the only species unique to

conifer lowlands.

2.5.1.3 Tamarack Bogs--Conifer "tvetlands form a series from the nutrient-poor,

well-lir,hted tamarack bogs to the nutrient-'rich, shad{ cedar bogs. Tamarack
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bo~s are gcnerCllly less influenced hy surrounding uplandf; than either black

spruce or cedar bogs.

Within the eastern portion of the Study Area, the distribution of tamarack bogs

is similar to that of ericaceous and black spruce bogs with ~lich they

intergrade. Such bogs are best developed on peat soils in draws between ridges

in the KaHlshiwi watershed, around lakes, or overlying out\oJash plains in the

central and southeastern portions of the area.

In general, the canopy of tamarack bogs is more open than spruce canopies and is

not as tall (Figure 17). High shrubs are virtual).y absent~ Low shrubs are

generally sun-loving members of the heath family such as leatherleaf and

Labrador tea. In pure tamarack stands the herbaceous flora is limited in spe­

cies and charac-terized by bog cranberries, false Solomon's seal, sedges, and

.carn~vorous plants' such as the pitcher plant (Table 8). Sphagnum mosses often

form a continuous ground cover. Considering the 10vl overall species diversi ty

of pure tamarack bogs (83 species), the number of rare species is quite high (5

species)~ Rare species are generally members of the orchid family such as rose

pogonia, grass pink, Arethusa, and Lister's t\vayblade. The largest continuous

tamarack bog sampled as part of the Regional Copper-Nickel Study (plot G45) con-'

tained a population of blooming arctic raspberry (Rubus acaulis). This plant is

not considered rare for the state, but is on the edge of its range. Although

tamarack bogs are often viewed as a successional stage between ericaceous

wetlands and spruce bogs, their slow growth rate and susceptibility to flooding,

insect damage, and \vindthrow often inhihit succession to the point where they

appear to be stable communities.

Figure 17
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FIG 1E 17 TA·MARACK BOG·
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Only three small mmnmnls are characteristic' of open trt!l1Arack bogs: the arctic

ShreT,.7, ma[.;ked shrew) and meado\<7 vole. The meadovI vole, p,enprally a deni.ze.n of

grasslands, achieves c1ensi ties of 10~'11 per hec tare in open tamarack stands,

three times higher than in all other habitats except grassland and cedar. Tn

the absence of large tracts of agricultural land, the voles apparently turn for

food to T,.letlands wi th abundant sedges. Small mamm<ll populations of closed

tamarack bogs resemble those of spruce bogs with five characteristic speciE~s:

masked shrew, short-tailed shrew, pigmy shrew, red-backed vole, and meadow vole.

Although their open str~cture and deciduous canopy make tamarack bogs unsuitable

cover for 1arge mammal s) summer browsing by sno\vshoe hare may cause heavy loss

of tamarack seedlings.

The songbird community of tamarack bogs is that charac;.teristic of coniferous

wetlands in general. As has already been discussed, this community is distinc­

tive because of the high proportion of unique species, especially ground-nesters

that are dependent on the canopy for their food source.

2.5.1.4 Cedar Bogs--White cedar stands (Figure 18) within the eastern portion

of the Study Area appear to be restric.ted to isolated wetlands that are 'Hell

supplied with nutrient runoff from surrounding uplands. Such stands are present

in both the northern and southern parts of the area. Cedar bogs may ~.,ell be the

most unique vegetation type in the area, both because of their limited areal

extent and because of their floristic composition. Although the shade tolerance

of cedar would suggest that it might be the final stage of wetland succession,

this status is seldom attained, bec.ause most wetlands in the Study Area lack the·

internal ~vatcr flow and nutrient supply tbat cedar need. Wetland cedar stands

develop better on shallow sedge or wood peat than on deep sphagnum peat. Cedar
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bog~~ in the Study Are,,] are of (1)ore r1JvPfse species composition, \vetter, and T;Y,rc'

open than those in the north-central part of the state. S.tnnc1s included in this

study were. all ne~r or in areas influenced by rQads or logging. Their open

canopies and high species diversity may be largely accounted for by the non-.

homogeneous and disturbed nature of the stands.

Figure 18

Floristically, cedar bogs have affinities with both spruce bogs and alder carrs

(Table 8).. Although feather mosses (e.g. Pleurozium ~chrebe~.!) Ptilium crista-

castrensis, Hylocomnium· splendens) 8i"ld damp forest floor species such as

bluebead lily and creeping snovlberry are present, so are nutrient-loving species

such as water horehound.

Cedar bogs are impressive in their diversi ty of fet"ns (nine species) and fern

allies (six species) and abundance of orchids (four species in three stands).

Of all hahitats investigated, cedar bogs presented the best habitat for rare

·lichens. Eight rare lichen species were collected in three bogs, including the

first recorded collection of Parmelia revoluta in Minnesota. This new collec-

tion is especially significant because the prev~ously known range of this

species is several hundred miles to the south.

White cedar has been emphasized as the preferred winter browse for deer in

Hichigan and Hisconsin. The importance of cedar as a browse species in the

Study Area is limited by the small size, isolated occurrence, and poor condition

of the stands. These bogs probably provide year round cover for marten, fisher,

and snowshoe hare.' Although they are uncommon in Minnesota, the bohcat (Lynx

rufus) and lynx (Lynx lynx) prefer c.edar and spruce l"ovllands as Hinter· hald tat.
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FIGU 18 CEDAR BOG
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/\ variety of small mammals \VQre ChCli~(lcterislJ.c of the three .cecLlr bOg[i sL!1npled s

inclt1dJng the masked ShrC\'", short-tailed shrc\07, meac\O\v vole, and red--backed

vole. The presence of both the deer mouse (Perc)myscus ntcn1ic.ulC1tl1s) and least.----.......------ -----7"--..-'-

chipmunk (Eutamias. mini~~~) 1S a bit surprising, because both generally prefer

drier habitats. The positive correlatjon of their densities with high percen-

tages of deadfall may help explain their presence in this habitat.

The songbi I'd communi ty of ced ar bogs is dominated by the yellow--bellied

flycatcher/Connecticut warbler species association that is characteristic of

conifer \.;retlands as a group and discussed in detail\\7ith the black spruce com-

munity.

2. 5. 1. 5 Black Ash L~{I.ands---Black. ash communi ties account for a very small pro-

portion of the Study Area and are '<7idely distributed in small draws and along

rivets. These stands are generally so small that they are not observed in the

. HU1IS inventory (Figure 19). Stands located in the floodplain of the K8\\Tishi~vi

River are charac terized by open canopies and poorly-developed herb and shrub

layers (Figure 20a). In such floodplain stands) silver maple (~cer saccharinum)

is a fr'cquent canopy-associate of black ash. Annual flooding explains the poor

development of the herb and shrub layers' and good development of vines.

F1gures 19 and 20a

Because ash stands that occupy draws are not subject to flooding, they are

structurally more similar to alder carrs than floodplain ash stands (Figure

20b). Ash stands in draws are more likely to have cedar or paper birch as asso-

ciate canopy species. Such stands have well developed shrub layers dominated by

speckled alder and willow. The herb layer .is characterized by such species as
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S\veet: mint (2:.!.entlw ~1.r~~~0..is) cmd "wler horehound (Tahle 8). Hany of these spe-

cies are common in wet meadows~ cedar bogs, and alder carrs.

Figure 2Gb

'"The black ash community "laS not sampled for &1TIall mammals~ but the literature

suggests that the follm'ling, species are characteristic of black ash communities:

"loodland deer mouse, red-backed vole, meado\-l jumping mouse (Zal~s hudsonicus),

,·]Oodland jumping mouse (Napaeozapus insignis) a~d 'the American ",ater shrevl

(~or~~ palustris) (Kalin 1976). The water shreH generally prefers stream banks

and "las not collected in any of the habitats sampled as part of the small mammal

census. Young ash stands are used by deer for winter bro'Ylse and bushy ash

,stands are used by, woodcock for fall cover.

The single ash stand sampled for songbirds (in 1976 only) was too small and

heterogeneous to be used as part of the breeding bird study.

2. 5. 2 ,Up1a nd ~

Uplands fonn a floristic continuum from those dominated by coniferous species

such as pines to those dominated by deciduous species such as aspen and birch ..

Most of the upland comrnunitie~ contain at least some marketable timber. For

this reason~ stands of many ages are available for study within each cover type.

Cover types that are almost exclusively natural in origin and do not regenerate

after harvest are not represented in the younger age classes. The only natural

upland community recognized by this Study's community classification is the

mixed black spruce-jack pine community •
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s\veet mint (Nr~nt~2 .3_~~vQns:l.s) and water horehound (Tahle 8). Nany of these spc-

c fes are common 1'n v.,7 C t meadm'78, c.ed ar bog s, and aId e1' carrs ..

11

The black ash community was not sampled for small mammals, but the literature

suggests that the following, species are characteristic of black ash communities:

'V70odland deer mouse, red-backed vole., meadmv jumping mouse (Z,,:pus ht~~sonicus),

vloodland jumping mouse (NaJ2.aeoz8.p~s insigni s), a~d the American water shreH

(Sorex palustris) (Kalin 1976). The water 8hre\'1 generally prefers stream banks

and 'Has not collected in any of the habitats sampled as part of the small Tnnmr:1al

c.ensus. Young ash stands are used by deer for 1;vinter browse and bushy ash

,stands are used by woodcock for fall cover.

The single ash stand sampled for songbirds (in 1976 only) vlas too small and

heterogeneous to be used as part of the breeding bird study.

2.5.2 Uplands

Uplands form a floristic continuum from those dominated by coniferous species

such as pines to those dominated by deciduous species'such as aspen and birch.

Most of the upland communities contain at least some marketable timber. For

this reason, stands of many ages are available for study \vi thtn each cover type ..

Cover types that are almost exclusively natural in origin and do not regenerate

after harvest are not represented in the younger age classes. The only natural

upland community recognized by this Study's community classification is the

mixed black spruce-jack pine comrtlunity •
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2.5.2.1 Bl<~~1~_~prl~~~5·-28(~~_~~~('-·-··Th0.black spruc:e- jnck pine, communi ty occurs

most frequently on ec1st and \~'C'st facIng slopes bet\vecn rocky rJdges and hogs on

thin, sandy-loom -soils mainly in the northeast part of the Study Area. This

community is generally included by foresters and inventory systems in the

spruce-fir forest type which is presented in Figure 21. It is both topographi­

cally and floristically transitional between wetland black spruce and upland

jack pine communities (Figure 22). Black spruce and jack pine dominate the

canopy, Vlith balsam fir and birch as common associates. The importance of

balsam fir may have heen greater in the past because many of the areas currently

in this community type were classified by the Forest Service in 1948 as

"restocking spruce-fir."

Figures 21 & 22

The high shrub layer is less dense than in upland deciduous stands but better

developed than in pine plantations. Juneberry (~mela_nchier spp.), hazel

(~orylt~ cornuta), and mountain ash (Sorbus americana) are the most common mem­

bers of th~s layer, whereas wild rose (Rose acicularis) and Labrador tea are the

most frequent low shrubs. The most common herbs are blueberry, bunchberry,

false lily-of-the-valley (Maianthemum canadense), wild sarsaparilla (Ara1i~

nudicaulis), and large-leaved aster (Aster macrophyllus). The presence of the

ladyslipper (Cypr5pedium Beaule), a member of the protected orchid family, is

significantly higher in this habitat type than in any other (Table 8).

The black spruce-jack pine community was not sampled during either the small

mammal or breeding bird survey. Spruce grouse and ruffed grouse use this habi­

tat year round, but although it -is excellent habitat for spruce grouse it is

only marginal for ruffed grouse. Black spruce-jack pine stands provide
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FIGURE 22 BLACK SPRUCE-JACK PINE
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excc'11cnt cover for m(lrt(~n and <ldequate cover for fisher. yisher populations

appear to be concentrated in the portion of the St.udy Area where thj8 h;Jhit<Jt

type i.E> most extf'nsively developed, but no causative relationship has been

demonstrated. Use by large game mammals is probably restricted to '<linter use by

deer and moose.

2.5.2.2 Jack Pine--The jack pine habitat type is present throughout the Study

Area but concentrated in the northeast (Figure 23). Jack pine stands in the

southern part of the area lie on either the clay-till soils of the Aurora Till

Plain or ,on the loam soils of the Toimi Drumlin Fie.1d. Nany of these stands

take their origin as plantations postdating the 1936 Palo-Harkham-Aurora fire.

Gen~ral Land Office Survey records show that the original pineries in this part

of the area were dominated by red and \~lite pine or mixtures of these species

with deciduous elements (Figure 4). Jack pine was best developed" in the

. shallo"Yl-moraine bedrock province where the few remaining natural stands oc~ur

tod aYe

Figure 23

Jack pine is notable for its adaptation to forest fire. Not only are mature

trees resistant to ground fires, but th~ cones are serotinous--that is, they are

covered with a waxy substance.that does not petmit them to open and shed seed

unless temperatures reach those attained in forest fires. This adaptation

assures that seeds fallon mineral soil where seedlings are most likely to

survive.

Because of its adaptation to fire, natural jack pine stands in northeastern

Minnesota are even aged, dating f~om years wIth a record of extensive forest
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fires. Stands north of Bireh Lakp Dnd south of State lliglH'lflY ] take their

origin in fires of approxim<1tely 1910, <:]s do stands i.n the outwash plain of

Glacial Lake Dunka.

Most jack pine stands sampled by the Copper-Nickel Study are plantations falling

into three successional classes: recent: clcarcuts (less than 8 years); young

plantations (8-25 years); and mature stands (over 20 years)(Figure 24).

Associated animal species vary v,d th successional stages and are discussed \d. th

the appropriate stage below.

Figure 24

Recent Clearcuts--Because jack pine is adapted to regenerate after fire, the

best regeneration is assured ~1en management plans include some method of site

preparation befor~ reforestation.

Current management practices do not include extensive prescribed burning as a

method of site preparation. The effect of forest fire in preparing a mineral

seedbed has been simulated, in the past, by rock raking and barrel scarifica":'

tion. Many of the herb species of the forest floor have the capability of

reproducing vegetatively for years, of withstanding forest fire or other distur­

bance, and of blooming only under the conditions of high light that follow such

disturbance. Examples of such species are the large-leaved aster and fire'.-leed

(Epi labium angustifolium). Invasion of herbaceous weedy species such as pearly

everlasting (Annphalis marr,aritacea) and dogbane (Apocynum androsaemifol:iu;"l)

depends on several factors. The degree of soil disturbance, distance from seed

sources t competition from persistent forest-floor herbs, and rate of re.genera­

tion of shad(~-prodltc.ing tr~es all influence the establishment of Heedy species.
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FiGURE 24 FOREST SUCCESSiON AND ANiMAL USE IN UPLAND CONIFEROUS STANDS
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The practice of rock rakIng, Vlhich \vas in favor 5-10 yCDrs -ago) :included

bulldozing the fOfest floor and plllng slo.sh in \'lindro\'ls several m~tcrs h1gh r1nd

wide_ The presence of these windrows favored development of a patchy shrub

layer, usually c1omin3ted by raspherrJes (B_~)l1S id:~~~'2)' along the Hindro\·Js. The

additional structural complexity and food resources added by these windrovs are

important to wildlife and birds. Regardless of the method of site preparation,

plantations established on si tes that vlere fonnerly occupied by deciduous stC1nc1s

are generally revegetated by large numbers of aspen suckers and require release

from competition by use of herbicides or by hand removal of deciduous species

(Figures 25 and 26).

Figures 25 and 26

Rec~nt clearcuts were distinguished as faunistically distinct communities for

both songbirds and small mammals, but the canopy composition of the recently

harvested stand or of the plantation itself was not as important as the present

structural characteristics of the clearcuts.

Bird c6mmunities of young clearcuts Bre dominated by species that are not unique

to this habitat, whereas birds that are characateristic of open habitats such as

the sparro\v hawk (Falco sparverius) are' not present in great numbers o Although

ground nesters contribute the'largest proportion to bird density, shrub nesters

are mhch more important in this community than in mature coniferous stands. In

some cases almo'st half the individuals were shrub nesters, reflecting the impor­

tance of shrubby windrows (Figure 25). The unimportance of tree nesters and

cavity nesters reflects the general dirth of trees in this habit-at (Figure··16).

The four conifer clenrcuts. sampled in 1977 shared three species: the mourning

warbler (Oporornis philadelrbia) t \.Jhite-thro.1ted ~~parro\v (Zonotrichia-----_._- --_._---_......-.... ..--------
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FIGUPC: 26 CLEARCUT V\IITH· WINDROV\fS
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~;lt_rjcc'1yi]:.!;..~), and chestnut-sided \varbler (nendroi.c[~ J2>~~~y_~i~~.:~}ca). The

c.hestnllt-sidcd vlClrhler vlClS the dominant species in three of these four st<'1nds.

The only conifer clearcut sampled during the wintdr-bird survey was atypical

because of the presence of several mature trees" The most abundant species 'Ylere

haj.ry v:oodpecker (De.!.:_drocopos villosus) and downy \oJoodpecker (D~.ndrocopo~

Eubescen~), species cle.:Jrly assoc.iated \vi th the presence of the trees.

In their earliest stages (1-2 years) the very open nature of recent c.learcuts

provides ,a habitat favorable for woodcock throughout their resident season. In

the spring recent c.learcuts are used by adult males as display grounds. As soon

as the young can fly in the summer, females bring their broods from mature deci­

duous stands to open- areas to probe for soil arthropods. In the autumn, clear­

cuts are used as staging areas for migration~ Because woodcock require a long

"rum"ay" for take-off, densi ties are highest in areas Vlhere logging road s are

available as avenues of escape. The singing--ground census shovl(~~c1 that if

logging roads remain open, clearcuts may be used as singing-grounds for ten

years or more.

Small mamillal populations of recent clearcuts and young jack pine plantations

were grouped together in the analysis and \Vere more similar to those in young

upland s~ands of other types than to those of mature jack pine plantations.

Both the least chipmunk and the woodland deer mouse achieved their highest fre­

quencies in young stands where they \-lere 2-6 times more common· than in stands of

the corresponding mature habitat. Both species were positively correlated with

increasing amounts of deadfall, a common. feature of clearcuts and very young

·plantations. 'rhe red-bac.ked vole v-las also charaeteristic-of-young pi.ne plrll1-

.tations t and reached <lverage densities of approxtmntely five indivic1u..:1ls per
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hcctot"e in nl1 plantations s!.lJrlplcd_ One spC'~ief.\, the IllCOclO yl jumpinf.', E:OUSt:,

appcared to be morl~ cllof3cteristic of very young red pine plantations th':i~l

jack ptne plantC1ti.ons of the same 3ge.

Young Plantations--Al though the Study's data do not indicate generally higher

populDtions of snwll mammals in young plantations than elsc\vhere, from a forest­

management vievrpoint small mammals are a serious problem. Aerial seeding is

reduced in effectiveness by the depredations of'granivorous rodents, especial

deer mice. Established young plantations are often damaged by red squirrels

(!~miasci'Urys hudsonieus) that remove the leaders and by other snaIl marl=-~als

that girdle stems.

Young plantations that have not,been released from deciduous competition offer

high densi ties of young aspen and hazel as browse for moos'e and deer.. TI-.:e

exte~nsjve raspberr'y crops of the windroHB and the general stimulation of

blueberry crops by high light conditions make such areas an excellent feeding

ground for black bears (Ursus americanus) during the berry season. Hindro';-ls

also provide good denning sites for bears.

Young plantations between the ages of approximately 7 and 15 years are generally

characterized by pines at heights similar to those of the shrub layer. Prese~ce

or absence of deciduous shrub species depends on whether release has occ.urred ..

Common deciduous shrub species of jack pine plantations are hazel, jun-ebe:rry,

and aspen. Species composition of the herhaceous layer depends on the type of

site preparation that was used and on the development of shade-producing speCIes

in the shrub layer. It appears that invasion hy and persistence of weed species

is greater in plantations \>lhe1'.e rock raking was vigorous and a higher pr.aportion

of forest-floor herb speci,eswere destroyed ..
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Young conifer plantation:. nrc marc v<1riahle tlwn mature stands :In both pl<'H1t

species composition and structure. This variability is reflected in the gr(~<ltcr

variability of the bird community. The avian community of yo'ung plantations is

not as well defined as that of mature coniferous stands. No two plots were

alike in dominant species. Because of the structural variability of the ve~eta­

tion the highest avian densi ties in young plantations \vere more than two times

the lowest densities.

Variability in representation of the nesting guilds was greater than in mature

habitats, but in general ground nesters were more important than tree nest~rse

As might be expected, shrub nesters were also more important than tree nesters,

reflecting the shrub-like size of the pines.

Characteristic breeding species on all five plantations included the

whit.e-throated sparrmv, blue jay (Cyanocitta cristata), chestnut-sided \varbler,

and song sparrOH (Helospiza mel~dia). Young plantations vJere not included in

the winter bird survey.

·Small mammal s charac teristic of young plantations are generally those of

c1earcuts.

Nature Stands--Hature jack pine stands are characterized by jack pine canopies

with admixtures of aspen, birch, and red pine (Figure 27). Shrub layers are

poorly developed. Hazel, juneberry, and Bebb's w'i1lo\v (SD1ix bebbiana) are the

most frequent components of the high shrub layer. Rose (Rosa acicLt1aris), rasp­

berry, and sweet fern (C0r.!2..Pto~ia peregrina) are frequent in the sparse 10tl1 shrub

layer. Shr·ub layers are best developed in stands of natural origin like plot

G27, a virgin stand that was harvested at the end of the 1977 field season. Tn

general, the herbaceous layer is dominated by high coverages of large-leaved
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The bird community of mature upland conifer stands was re~ognized by cluster

analysis as faunistically distinct from other bird communities. Within this

avian community no distinction \oJas made bet\veen birds of mature red pine, jack

pine, and \'1hi te spruce communi ties.

Breeding bird densi t? of mature conifer stands averages approximately t\vo-thi rds

that found in mature deciduous communities, with ground nesters contributing

,over half the individuals. Tree nesters are more 'important than shruh nest~rs,

whereas cavi ty nesters are virtually absent (Figure 16). The small proportion

of shrub nesters is not surprising in light of the generally low density of

shr!lbs •. The relationship of shrub nesters to available shrubs is borne out by

their higher propqrtion (20 percent) in the one stand (G20) l;vith a higher shrub

density.

Characteristic bird species of mature coniferous uplands include the hermit

thrush (Hylocichla guttata), eastern wood pewee (Contopus viren~),

yellmv-rumped warbler (Dendroica coronata), brown creeper (Certhia familiari~),

Blackburnian warbler (Dendroica fusca), and red-breasted nuthatch (Sitta

canadensis). The single mature whi te spruce stand differed from other mature

coni ferolls upl£!pd 5 in densi ty, numher of spec ies, and species composi tion.
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FIGUJ:JE 27 MAT.URE JACK PINE
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Hinter. studies in I1wf:urc conifer uplands yielded the lowest' numher of obser­

vations per five hours of any community samrleds Species observed included the

'great-horned owl (nu_~~ virgjnl<lllUs), hairy Vloodpecker, raven (Corvus coren:),

black-capped chickadee (P<1ru~ atrjcapillus), dO'\vny woodpecker, and black-bucked

3-toed \'100elpecker (Pi~oides arc ticus). The absence of seed-eating finches is

worth noting. The cyclic nature of seed production in boreal conifers has a

strong influence on population cycles of winter finches, such as the common red­

poll (Acanthi~ Qamm_ea), whlch are notorious for their large yearly fluc­

tuations.. Hinter finch species were rare throughout the state during the \vinter

of 1 97 6-1 977 •

Tw'o of the three small mammals characteristic of young plantations are also

characteristic of mature jack pine stands. The red-backed vole occurs at the

. same frequencies but at higher densities in mature stands, vnlereas the deer

mouse occurs with both lower frequencies and densities in mature stands. In

1977 the masked shrew was also characterisiic of mature jack pine stands, but

this species avoided such dry si tes during the summer of 1976.

Porcupine (Erethizon dorsatum) scar studies in Lake and St. Louis counties

reveal that porcupine prefer jack pine as winter food. Becaus~ studies in

Michigan suggest that porcupines selectively eat those species nearest their

dens, their apparent preference for jack pine may be related to the proximity of

safe, rocky denning sites. In nn area where there are high populations of their

chief predator, the fisher, safe denning sites become even more important.

Fisher populations in northeastern Minnesota are currently high enough to

sustain a trapping season. Trap records from the first such season (1977)

suggest a concentt"ation of fishers in the northeastern part of the Study Area.
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2. 5.2.3 ~~cl,_Pjr.1e--Red pinc communi-ties in .the Study I\rca Clre almost exc.lusi'lEly

plantations and are fjcattered throughout the ar~a (Fir,ul',e 23). On Superior

National Forest lands, acre<l~es of red and jac.k p~.ne are comparahle in Lake

County, but in St. Louis County acreages of red pine are approximately one third

those of jack pine. General Land Office Survey records show that before

clearance red pine was mixed with white pine and ran in a band from the Aurora

Till Plain northeastward to the east end of Birch Lake but avoided the Shallor.-;r

Moraine Bedrock Province where jack pine was better develope~o

Mature red pine resembles jack pine in its resistance to fire, but it lacks

serotinous cones. Good seed crops of red pine occur every 4-7 years) a factor
,

that may have been important historically for the regeneration of red pine

stands. Like jack pine) re.d pine. seecllings prefer the seedbed and light con-

ditions that occur following fire. The coincidence of fire and a good seed year

is less probable for red pine with its longer cycle of seed production.

Because of the undependabi1ity of natural seeding, red pine plantations are

usually established by planting or aerial seeding. Before planting, sites are

usually prepared by barrel scarification (or formerly by rock raking). Current

management guidelines differ somewhat from those of the last 40 years, because

they do not encourage conversion of deciduous sites t6 pine stands. Plantations

established on sites formerly occupied by deciduous species such as aspen

require release from competition by herbiciding or hand removal 0 Unlike jack

pine plantations) red pine are usually thinned two or three times before their

final harvest at 120 to 180 years.

Because of their structural and floristi.c. similarities, t:ec.ent red pi-ne clc.:1r-

cuts and young red pine plantations share' the same songhird and small marnmal
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communities as jack pine -stands of the same age .. They also' provide. the SDr:lC

resources for game species such as woodcock.

Mature red pine plantations are similar in structure to mature jack pine plan­

tations, \vith sp(]rse shrub' layers and contInuous herb layers (Figure 28).

Cluster cmalysis DDscd on canopy composition recognizes red pine as a distinct

type, while lumping jack pine stands with'~ixed black spruce-jack pine com­

munities. Although their basal areas are 10Y1, birch, aspe.n,. spruce, and fir are

present in a higher proportion of the stands (Table 8) and occur more frequently

in the shrub layer than in jack pine stands. Ha~el, juneberry, and Bebb's

willow occur at 10\'ler frequencies and densi ties than in the jack pine coml~lunity,

whereas rose and raspberry occur at higher frequencies and densities. Leading

herbaceous species in the two communities are similar, but a much larger number

of 6erbs reach thiil' highest percent presence in the red pine habitat. Except

for the addition of bracken fern (Pteridium aquilinllm) the same suite of species

attains highest coverages in the red pine co~munity.

Figure' 28

The avian community of mature red pine stands is indistinguishable from that of

jack pine.

In addition to the three small mammals characteristic of mature jack pine

stands, the least chipmunk and meadmvjumping mouse are characteristic of mature

red pine stands.

Nature red pine stands provide the same resources for large mammals and raptars

as do jack pine stands .. Owls and hawks-use'mature trees as nesting sites, and

fisher use the habitat for cover and food. Use by porcupine is not documcnteo
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FIGURE 28 MATURE RED PINE
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for nor t 11 cas t C' r n tl: J n n C' sot i I • D(> e r 1.1 s c nw t u r J. tl g f3 tand s for \.J1. n t ere 0 v e r. \-7hen

other hahitats arc not available.

2.. 5.. 2. 4 ~~~~~E~\Jc(:---Th(' \vhi te spruce stand s in the Study Area are an arti [ae t

of forest management <:lnd are not considered as one of the eleven major comrJ1llni ty

types. These stands) which are included in the spruce-fir type, in the com­

puterized inventories, do not appear to be as widespread as the computerized

inventories indicate (Figure 21 )(HLHIS and Ninesi te). Stands in the sha110\\1­

moraine bedrock province are generally dominated by black spruce rather than

\vhite sptuce) often Hith jack pine as a c.oordinate species. Areal extent of

natural upland black spruce on national forest lands in Lake and St. Lou'iS coun-­

ties is between three and four times that of white spruce plantations.

Since 1936 white spruce plantations have been established in a portion 6f the

Study Area southeast of Aurora and in the eastern part of the area near the

junction of State High\A!ay 1 and Lake Q,unty Highway 2.. Three such plantations

were sampled as part of this study.

In keeping wi th the silvicul tural recommendation of mineral soil for the

establishment of white spruce, both of the younger plantations were apparently

rock raked before being planted. Instead of recommending a monoculture, manage­

ment guidelines for white spruce in the Superior Natiopal Forest recommend

leaving at least 30 percent aspen-birch with young spruce to aid growth and pre­

vent frost damage. White spruce plantations are n~rmally harvested in 100

years.

Because of the-ir variabili ty and the absence of a canopy in the t~'J? youneer

plantations) cluster analysis based on canopy cornposi tion failed to recognize

white spruce as a distinct community type. The three stands were not struc-
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turall)' or flori.sticnll)' similar enough to mal<e [my gencral)zaU.ons l1bout the

community. The Tnl1ture stand hod a patchy distribution of herbaceous species

associated \\lith an internal moisture grndient in the plot. The tV10 younger

st~nds (3 and 15 years) were characterized by a patchy distribution of species

in all layers associated vlith the presence of \Vindro\ols. Species presc~nt jn all

three stands included \vhite spruce in the high shrub layer, Bebb's Hillovl, bush

honeysuckle (Die.rvill~ lonicera), false lily-of-the~valley, strmvberry,

dewberry, pearly everlasting, large-leaved aster, wood anemone (An~~~~

quinquefolia) , early sweet coltsfoot (Petasites palmatus), and fringed blue

aster (Aster ciliolatus). One rare species, gre~n malaxis (!1alaxis unj.folia) a

member of the orchid family, was present in the youngest of the three stands~

The poorly drained nature of the three Hhite spruce sites is reflected by the

presence of the masked shrew and arc tic shrew as' charac teristic species. The

red-backed vole was also characteristic of this habitat. 1''1ature white spr~tce

plantations \vould appear to offer suitable habitat for spruce grouse and fisher~

2.5.2.5 o Aspen-Birch--Deciduous stands dominated by aspen and birch are

widespread today throughout t~e Study Area (Figure 29) and produce the most

variabl~ of the community types identified in this study. Admixtures of coni­

ferous species such as fix, black spruce, and jack pine are more frequent north

of the Giants Range in the Shallow Moraine Bedrock Province (Figure 2). Sugar

maple and basswood are more frequent components of deciduous stands along the

Giants Range and to the south of it. In the northern portion of the Study Area

basswood is most likely to occur in deciduous stands that are under the climatic

influence of large lakes such as Fall, ~~ite Iron, and Basswood.

Figure 29
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General Land Office Survey records S110\'1 that aspen-birch st<1nds \.Jcre originally

most extensive in the 'roiTni Drumlin Field) in the Out\\J;Jsh--Noraine COfl1plex pro-

vince, the Aurora Till Plain, and those parts of the beds of Glacial L.qkes Vphcl;,"l

and Nonmod that were not occupied by bogs (Figure 4). Along the crest of the

Giants Range pines were mi'xed with hard\voods. Although this community \<:as not

sampled as part of the Regional Copper--Nickel Study, the higher proportion of

maple in stands along the Giants Range is obvious in the autumn.

Both Dspen and birch are cold-tolerant, short-lived, "sun-loving" speci.es that

I

are considered to be pioneers in the successional series. In northeastern

Minnesota they are replaced by longer-lived or more shade-tolerant species

I

as white pine, black spruce, and balsam fir. When aspen-birch stands are

,
sue f1

disturbed by fire or logging, they regenerate vegetatively to form even-aged

stands. Aspen forms suckers from the roots, whereas birch forms stump sprouts.

Complete removal of the canopy results in better stocking by aspen suckers

because residual mature trees inhibit suckering. Deciduous uplands in the

Partridg.e River watershed are an example of the inhibitory effect of residual

trees._ Serial examination of aerial photos at roughly ten--year intervals

reveals-that in many parts of townships 59 and 60N., ranges 12 and 13W., scat-

tered mature aspen "-7ere left after logging in the 1940s, and reforestation v:as

delayed by several years after cutting. Today these areas support a heteroge-

neous mosaic of poorly stocked aspen and birch, upland shrubs, and interspersed

coniferous plantations.

Two major subtypes of the aspen-birch community were investigated as part of

this study: nearly pure aspen-birch stands and -aspen-birch stnnds Hith fir as a

major canopy associate. The aspen':"'birch community as a whole exhibits high fre-

quencies of coniferous elements, emphasizing the similarity between this corn-

mun1 ty nnd the mixed coni ferous--deciduous communi. ty.
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Recent Clearcuts-~-Young aspcn--:bircl1 clcarctll'r; <'Jre more s:lmi'lar structurally and

floristically to other young clcarl:uts I:h~ln they Hre Lo ,mature aspen--birch

stands. Hany of the most ubjquitOllS hc~rh~lCeO\JS plants are adapted to recurrent

naturnl disturbances, such os fire, and arC' nble to persist after clearclltting.

The structural similarity of deciduous and coniferous clearcuts is reflected i~

the species cnmposition of the songbird community. Like coniferous clearcuts,

deciduous clearcuts are dominat.ed by ground nesters, follow~d by shrub and tree

nesters. The two deciduous clearcuts studied were structurally dissimilar fron

those coniferous plots having windrovls. The absence of shrub-rich \\D.ndrm,;-s may

explain the IOHer maximum densi ties of shrub nesters in 'recent deciduous clear-

cutse

Characteristic bird species of deciduous clearcuts Here the same as those of

coniferous clearcuts: the mourning \varbler, ches~nut-sided warbler, and

white-throated sparrow. Species composition varied among tree nesters because

they '~7ere dependent on residual and neighboring trees.. For example) a clearcut

(plot G40) surrounded by deciduous upland and having several residual red maples

supported the red-eyed vireo' (Vireo olivaceus) , whereas one bordered by coni­

ferous upland (plot G13) with several residual red pines harbored the eastern

wood pewee, rose-breasted grosbeak (Pheucticus ludovicianus) , and chipping

sparrow (Spizella passerina) ..

Small mammal populations of recently clearcut deciduous stands are the same as

those characteristic of coniferous clearcuts and young plantations and include

the woodland deer mouse, least chipmunk, and red-backed vole, as well as the

masked sh rew.
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The. value. of de~ic1uol\s clcarcuts for game f;pec:!c's is similar to that of yourlg

plantations. \Voodcock usc 1-3 year old deciduous c:lcarcuts hec;~H1Se their open

nature provides escape routes from predatorsQ

RegeneratIng Deciduous Communities----One year after a deciduous stand in the

Study Area has been harvested a dense growth of young aspen usually appears

(Figure 30). At, 1-2 years) densities of young aspen have been measured in the

Study Area as high as 55,000 stems per hectare. If tl12 stand has not been

plantecl . to pine and aspen grm'lth is not controlled, the aspens \\7il1 reach

heights of 3 to 5 meters in 4 to 6 years.. Three. such stands were sampled as

part of the 1977 breeding bird survey.

As might be expected, shrub-nesters are the most impo'rtant nesting guild in the

regenerating deciduous community (Figure i6). Almost half the birds in this

habi ta t were shrub-'nester s, \vhereas over one thi rel Here ground nesters. Both

tre'e-nesters and cavity-nesters \vere relatively u'nirnportant.. The high density

of young aspens in such stands appears to influence not only the higher propor­

tion of shrub-nesters, but also the higher overall avian density of young aspen

stands compared with mature stands.. Charac.teristic species of this successional

stage include the mourning warbler, red-eyed vireo, and chestnut-sided warbler.,

Sapling-size aspen are of extremely high food value for deer, moose, and beav(~r

(Figure 31). These stands retuin their value for deer and moose, as the trees

grow beyond reach because the shrub layer comes into full development. Hazel,

willO\\T, and moull taIn ronpl e (Ac!2-'£ spicCl tu~) become princi pal win ter bro\oJsc

species.
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FIGUR 30 ASPEN REGENE'RATION
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Mature Aspen-Birch--As aspen-birch stands mature, the density of trees is

reduced to about t~'lO percerit of the dens! ties found at the sapling stage (Figure

32). High shrubs continue to be important in mature stands. Hazel, mountain

maple, and honeysuckle (l-loni£~!:,_~ 5:.anad~~ls~) reach their highest percent pre­

sence in thi S communi ty Cfable 8).. Other prevalent modal species are large­

leaved as,ter, \'111d sarsaparilla, brake.n fern, t\Visted stalk (Streptopu.~ roseus),

ground pine (Lycopod~~~ obscurum» and sweet bedstrav7 (Ga1ium triflorum). The

nodding trillium (Trillium cernuum) is the most frequent protected species found

in the aspen-birch c9mmunity_ Aspen-birch stands in the Toimi Drum]in Field

exhibit a higher frequency of spring ephemerals such as spring beauty (Claytonia

'caroliniana) and other early spring floHers such as 'tvild ginger (Asarum

canadense) and hepatica (Heyatica americRna) than at other Study sites.

Figure 32

The bird community of mature deciduous uplands is recognized as a faunistically_

distinct community_ As in all mature communities, ground-nesters '<Jere 'an impor­

tant component of the community, accounting for an aver,age of almost half the

indiv~duals (Figure 16)!, Shrub-nesters, which accounted for about one quarter

of the total density, were more important than in mature coniferous communities

but less important than in regenerating aspen stands. The remaining quarter of

the population was mainly composed of tree-nesters. Characteristic species, of

mature deciduous stai1ds 't'1ere the shrub nesting red-eyed vireo (2.ireo oliv8cells),

the ground-nesting ovenbird (Seiurus aurocapillus), and the ground-nesting

veery.
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. FIGURE 31 FOREST SUCCESSION AND ANI~/1AL USE IN UPLAND DECiDUOUS STANDS
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F RE 32 MATURE ASPEN
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During tht) vlintcr of 1976-1977 tht'cc l1laLur~ pspcn-hirch plo,ts Here sampled.

Together these plots avcr<Jged seven observations :in a five-hour period, ranking

, third among the six habitats sampled. A total 'of six specie,s \llere observed; of

these, three Here present in all three plots (the hairy woodpec.ker, common

raven, and black-capped chickadee)"

The deciduous stands in the east-central portion of the Study Area are represen­

tative of the area logged in the 1940s and only partially reforested. The vege­

tation is characterized by an open heterogene~us canopy with scattered clumps of

live or dead aspen, interspersed patc.hes of plantation) and an almost continuous

shru.b layer.

The bird community associated with this heterogeneous vegetation was recognized

as distinct from other upland bird communities •. The vegetation of the tvlO

stands sampled in this area was sufficiently floristically dissimilar that one

stand was classified as aspen-birch and the other as mixed coniferous-deciduous.

~ In spite of these floristic dissimilarities the avian faunas of the two stands

were more similar than those on stands in any other community type. The two

stands had fourteen common species with six attaining their highest density and

importance value in this community. These species were the blue jay,

black-and-white warbler (Mniotella varia), Canada warbler (Wilsonia canadensis),

rose-breasted grosbeak, magnolia warbler (Dendroica magnolia)') and

yellow-bellied sapsucker (Sphyrapicus varius). TI1e high shrub density and

general structural diversity of these stands are reflected in the high overall

bird density, second only to that of young plantations, and the high species

diversity, second to that of alder carr.

Ru.ffed grouse, the most important game bird in forested areas of the state,

reaches its highest densities in the aspen-birch community vlhere it exploits
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(-'very successionnl stAge. Young stands nre used by broods" nlediurn--aecd sUmos

by displaying males, and !l1<1ture stands by nesting females and by both sexes as

winter feeding grounds. Buds and twIgs of mature aspen constitute the primary

winter food of ruffed grouse.

Six small mammal species are characteristic of mature aspen--birch stands. Two

of these, the woodland jumping mouse and eastern chipmunk, attain their hi8hest

average relative densities in aspen-birch stands. In each case these densities

are three or more times higher than densities in all other vegetation types.

The chipmunk shows a significant habitat selection not only for the deciduous

canopy but also for the associated herb layer dominated by large-leaved aster.

The ,short-tailed shrew is found in densi ties similar to those in closed tamarack

bogs and tHO to three times higher than in all other habitat types. Both the

eastern chipmunk and short-tailed shrew showed significant habitat selection for

the dense cover of high shrubs charac teristically associated wi th the aspen'­

birch canopy.

Mat~re aspen-birch stands are less important to large mammals than earlier suc­

cessional stages. The high cover of hazel in mature stands continues to provide

summer browse for deer. Stands with concentrations of juneberries receive

seasonal use by bears.

Mature deciduous stands with a larger proportion of fir in the canopy have a

significantly lower basal area of hazel in the high-shrub layer and lower

coverages of large-leaved aster and bracken fern in the herb layer.

Where deciduous communities have fir understories, the woodland jumping mouse

and easte-rn chipmunk occur in tower dens! tl"es than in similar stands that lack

ffr.

.77



2.5.2.6 tvHxc.u Conifcrous-D<?cic1uous--Dec:iduous stands in the Shallovl Horc1ine

Bedrock Province, especially those north of Birch Lake, often contain a hJgh

'proportion of fir, black spruce, and jack pine. Although th~y probably repre-

sent one extreme in a continuum ~rom pure aspen to mixed upland stands, cluster

analysis based on canopy composition recognizes such stands as a separate com-

munity type.

Almost all mixed stands in the releve data set were located in the Kawishiwi

watershed. Quantitative data are available from only t\vO stands of thjs com-

munity type and neither is located in the Kmvishi'i·.;ri vlatershed. For this reason

small mammal data for the mixed coniferous-deciduous habi tat may not be repre-

sentative of the community as a whole.

Mixed stands are characterized by higher presence values for black spruce, fir,

·and jack pine and lower frequencies of birch than are aspen-birc.h stands (Figure

33). Although spruce is present in more stands and has a higher average basal

area, the densi ty of fi l' is seven times higher, ind icating tha t there are a

greater number of smaller fir trees. The shrub layer is less well developed in

this community type than in as~en-birch stands. Hazel, juneberry, and mountain

ash dominate the tall shrub layer. Bluebead lily, false lily-of-the-valley, and

twinflower (Linnaea borealis) reach their highest percent presence in the herb

layer of this community. Other important herbs are large-leaved aster and

bracken fern.

Fig\.ll~e 33

Al though the proportion of trees of each s·pecies in different size classes· docs

not suggest a successional relationship between stands of different canopy
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. FIGU 33 MJXE,D CONIFER-·, DECIDUOUS

SONG BiRD .ASSOCIATION
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typCS t the mixccl conJferous-deciduous community in the nortbca~~tern part: of the

Study l\rca appears to be the nearest' thing to a "climax" community (Figure 31).

·As is the case with mixen black spruce-jack pine communities, this communi ly may

have contained a htgher. proportion of fir in the past) for large portions of' the

area in this cover type were classified as "restocking spruce-fir" in the late

194 as.

During the last ten or fi fteen years timber guidelines for this communi ty

encouraged the conversion of mixed stands to commercially valuable species such

as pine. Marketab.1e timber was harvested v7here feasible, and areas were often

prepared by removal of ltweed" species, such as aspen and mountain maple,

folfo\ved by 'rock r~king. An example of such an area is the extensive clearcut

north of August Lake.

Characteristic small mammals' are similar to those of mature aspen-birch-fir

communi ties, wi th three out of four species in common.. The masked shrevl,

short-tailed shrew, and red--backed vole are characteristic of both habitats,

whereas the pigmy shrew is only characteristic of mixed coniferous-deciduous

stands.

The combination of attributes of deciduous and coniferous stands makes mixed

stands an attractive habitat for large animals. Ruffed grouse, deer, and moose

use these stands in wintere Generally the coniferous component provides cover

and the deciduous species provide browse, although moose may browse fir in late

winter. Fishers, spruce grouse, and bald eagles favor coniferous species for

cover ..

The presence of conifers in a deciduo~s stand adds a new dimension to the

resources available for birds. Species that depend on conifers for food t
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nest:l.nlj siteB, or shelter are added to the community. Sevei'al specJes ~lppear to

exploit the Clspen-birch community only as the basal area of coni.fers increases.

These birds inclucle the \vhite-throatcd sparrO\v) bl,C1ck-capped chickadee, magnolia

\<7arbler, yellm'l-rumped ,"varbler, and \\linter \<71'en. \·lithin the rallge of com­

munities where conifers never contributed more than 18 percent of the total

basal area, only one species (the chestnut-sided warbler) demonstrated an

obvious trend of decreasing density as the basal area of conifers increased.

Hinter observations in three mixed uplands containing aspen; birch, \o1hi to. pine)

jack pine, and balsam fir included a total of ten bird species. Only three of

these species were present in all three plots: the common raven, black-capped

chickadee, and gray jay.. Together, the mixed uplands had an average of nearly

t\velve observations per five hours, ranking first among the six habitats

sampled. The higher number of observations in this habitat than in the deci­

duous uplands may be accounted for by the fact that conifers provide more pro­

tection from loss of body heat.

2.5:3 Habitat Distribution

Table 6 'assigns each of the twelve forest commuriities recognized by the

Regional Copper-Nickel Study to the broader communi ty classification used by the

MLMIS inv~ntory. Correspondence between the two systems is least good for non­

pine conifer forests and best for elm-ash bottomlands. For the pur.poses of

characterizing songbird and small mammal associations, the MLHIS system appears

to be sufficiently detailed, because these populations are more closely corre­

lated with structural attributes and environmental gradients than with floristic

composi tion.. The proportion of .forested land covered by each community in the

Study Area and in Lake, St .. Louis and C00k counties is given. Cover types

equivalent to those of the Society 'of f.merican Foresters nre also providcrlc
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The ,Jspen-birc·h community clccounts [01' over 52.2 p(~rcent of the Study Are;:), arid

50.6 percent of comrnercit11 forest Innds In· the three countiesc This conmuni ty

is hest developed in forest areas of the northern t\vo-thirds of the state and

extends nortlHvestward into \\Tcstern Ontario and Nanitoba.

Second in importance is a group of non-pine conifer habitats that are lumped by

the NUnS classification system Into a single spruce-fir community. 'I\venty-three

and one-half percent of the forested lands in the Study Area are assigned this

cover type. Black spruce bogs, which account: for approximately 10 percent of

commercial forest lands in the three county region, are probably the most impor­

tant component of the spruce-fir type. Wetland black spruce communities are

scattered throughout forested areas in the northern half of Minnesota and extend

northvlard into Canad~, where they become one of the predominant forest types.

Upland black spruce communities are recognized as a local cover type in the

.Superior Na tional Forest and account for 1.6 percent of commercial forest land s

in the forest. Upland black spruce communities are confined to the extreme

northeastern part of the state and extend northl07ard into Canada, \\There they a!:"e

mucQ more commone The black spruce-jack pine community that the Regional

Copper-Nickel Study recognizes in the Kawishiwi watershed is an example of an

upland black spruce community. Hhite spruce plantations account for 1.2 percent

of commercial forest lands in the three county region.· Al though upland whi te

spruce stands are common in Canada, natural stands dominated by white spruce

appear to be uncommon in Minnesota. White spruce is, however, distributed as a

minor canopy associate in upland forests throughout the· northern half of the

state. Communities dominated by balsam fir are rare in the Study Area, probably

because such monospee i fic communi ties are highly susceptible to spruce budlvOll1l

infestations.- Large portions of 'the Kawishiwi watersbed were typed by the
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Forest Sc~rvicc as restocking f;pruce""fjr in ,the 19!~Os, but fir J.~; d minor dGi;O~

c. :1. ate in thE'scst an c1 s to d 3.Y• Stand s domi 11 a t ud by fir [lC c. 0 un t for 1 2. 5 pere e n t

,of commercial forest lands in the three county region~ Such· communities occur

naturally in the northern third of the state and extend northeastv18rc1 into

Canada as [dr as the interior forests of the maritime provinces) where infesta-

tions by spruce budworm have been especially s~vere.

Tamarack and cedar bogs account for a very low proportion of commercial forest

lands in the three county region and an equali y low proportion of lands in the

Study Area. The ac tual area covered by tamarack may be sOTile'iolhat higher than

that reported for commercial lands, because many tamarack bogs are poorly

stocked. Both types of bogs extend southward throughout the forested portion of

the northern tl,'70-thirds of the state, reaching their southern range limits

around the Twin Ci ties. East of the Study Area, tamarack bogs become more rare
~

in the Gunflint Trail area of the Boundary Haters 'Canoe Area (Dean 1971). Both

tamarack and cedar extend eastward through the Lake States, \,]here cedar becomes

a more important wetland community than in Minnesota (Gates 1942). Tamarack

extends both eastward and westward throughout the boreal forest of Canada,

whereas cedar extends eastward to the maritime provinces.

The MLHIS classification lumps jack, red, and \vhite pine communities into a

single pine cover type that accounts for 8.7 percent of forested lands in both

the Study Area and the three county region. Because of intense early logging

and its susceptibility to white pine blister rust, 'ivhite pine is no\'1 a minor

component of the forested landscape throughout most of Hinnesota. It accounts

for only .009 percent of commercial forest lands in the three county tegion.

Red pine accounts for less than half of the pinelands in the three county

region. Jack pine :f.s more i.mportant than red pine in the Sha1lo\" Horaine
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Bedrock Pl1ysio~3raphic province. Pine occurs throughout the forested areas of

the no.rthern t\,lo·-thirds of the state and \Vas originally better developed SJuth

of the Study Are'.-l than in extreme northeastern Hinnesola. SimilClr pine for.ests

ex tend cas tt"ard throllg h the Grea t Lake s Reg ion in bo th the Uni ted S ta te s <'l~d

Canad a.

The clm-ash-cottom'lOod community defined by HLMIS is represented in the Study

Area by ash bottomlands. This distinctive community accounts for less than one

percent of the Study Area and less than three percent of the three county

region. ~loodplain forests are near their northern range limit· in northeastern

Hinnesota but extend soqthward along rivers throughout the state. As the com-

munity is traced southward on the east side of the state, black ash becomes less

important and American elm more so. Ash communities in wetlands outside

floodplains extend thoughout forested portions of the northern half of the
~

state, but generally occur as small pockets in other vegetation types.

The maple-birch-basm'100d communi ty desc ribed by MLHIS occurs on only .02 percent.

pf the Study Area. Red maple is more common than basswood as an associate

canopy species in aspen-birch stands. Basswood is most common in aspen-birch

stands in the Toimi Drumlin Field and around large lakes. The maple-bassHood·

communi ty is more extensive near the north shore of Lake Superior vlhere sugar

maple, bas.mvood,- and yellow birch are the dominant species (Flaceus and Ohmann

1964). Haple-basswood communities are much better developed in south-centr.al

Minnesota and reach their greatest importance southwest of the Twin Cities in an

area formerly occupied by the Big Hoods (Daubenmire 193?). This community is

associated with the deciduous forests that extend throughout the eastern half of

the United States (Braun 1950) \.;ri.th an inc·reasing number of co-domfnant species

farther east and south.
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2.5. q Hammals ~md Hi rcl[) of S i n1 Tn l (' r C' f} t

Al though the animal s of the Stuoy Area are an integral part of the ecosystern nnd

cannot be separated from the habitats that support them, the habitat-by-hahitat

approach to cOtl1n1tmity characterization does not give a complete picture of the

importance of each species in the Study Area as a whole. For this reason major

herbivores and carnivores are discussed on a species-by-species basis below.

Mammals and birds of special interest fall into two major groups: biologically

important species, and economically important species. Biologically important

species are rare or endangered (e.g. bald eagle), "have ranges largely restricted

to northeastern Minnesota (e~g. wolves), or are near their range limits (e.g.,

lynx), Economically jmportant species are harvested for recreation (e.g. deer)

or for profit (e.g. fur-bearers), or cause damage to plantations (e.g. snovmhoe

~

hare) or property (e.g. black bear).

Within the ecosystem, biologically and economically important species may be

either pr~mary consumers (herbivores) or secondary consumers (carnivores).

Herbivores are directly dependent on the vegetation of an area and are therefore

more likely to show specific habitat preferences than carnivores (Table 2).

Leading ec6nomically important herbivores in northeastern Minnesota have

overlapping food preferences (Table 9) and generally pr~fer habitats dominated

by reg~nerating aspen. Within the Study Area, the Toimi Drumlin Field is

perhaps the best example of an area that provides habitat for a number of spe~

cies, because it fulfills the habitat requirements of moose, deer, ruffed

grouse, and beaver.

Table 9
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2. 5./~.1 lIe~!2.LvC?E_<::.:'2-·-l\lthough deer and mOOS(2 ,utilize stm:lLn: bro\'lse species,

d i rec t compe t t tion lTIay be af fee ted by fo re s t. man<.lgemen t pr ae tic es tlw t favo r

.clearcuts larger thnn 750 hec tares. TO\oll1ship--sized blocks containing approxirna-­

tely fifty percent large cutovers regenerating to aspen and birch are preferred

by moose, whereas smaller mcm~nwdc openi.ngs and edges of large cuts are used by

deer. Although studies in Newfoundland (Dodds 1900) and Michigan (Bookhout

1965) suggest competition between hare and cervids, exclosure studies by

Krefting (1975) in northeastern Minnesota suggest that competition for browse in

the Study Area Illay be relatively 10v7. Hhere competition does occur it may Hell

be to the advantage of the large game mammals and detriment of hares.·

Deer-,-Of the major herbivores in the Study Area, deer are most widely distri­

buted throughout the state. Deer \Vere not widespread in northeas'tern Hinnesota

befo~e the advent of logging and densi ties have remained lo\\'o In the years from

1972 to 1977) between 1) 131 and 1,952 deer were harvested in the Study Area,"

representing 1.7 to 3.2 percent of the statewide harvest taken from 6.2 percent

of the state deer habitat. Results of harvest data (Rutske 1975) suggest that

the number of deer harvested in northeastern Hinnesota decreases from west to

east.

Fawn:doe ratios declined 1.8 percent per year (1955-1973) in northern counties

where vlOlves are absent and 3.3 percent per year where wolf predation occurs

(Nec.h and Karns 1977). In areas ",here wolves are absent, the decline in repro­

ductive rate is attributed to reduction of browse quality as forests mature. In

the RHeA and the northeastern part of the Study Area, wolf predation appears to

be the limit~ng factor controlling deer populations. A large proportion of the

deer population in the Ely-Harris Lake area is restricted to a 2 km buffer 7-one

between 'volf packs (Hoskinson and Hech 1976; Hech and Karns 1977; Hech 1977c).
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ThIs and sjrn:iJ.nr buffer zones may be t(nport[~n/.: rL~servo:trs rOT future repopula­

tion at areas currcntJy devoid of deer. Direct compet:ition between hunters <1110

vlOlves j.s limited to 'areas near roads (?>tech 197I").

Moose--Unlike deer, moose were widespread in northeastern Minnesota before the

advent of logging and probably reached their maximum populations shortly after

the demise of the woodland caribou. Since the advent of logging, and the

increase in number of deer, moose populations have fluctuaied in response to

management activities within the area (Peek 1971). Recent aerial census results

indicate that the moose population in northeastern Hinnesota has remained rela­

tively stable during the 19708 at about 2,500 animals (HDNR). Centers of high

moose densities are the converse of deer ,population centers. ~foose densities

increase from west to east and from north to south across the StUdY Area ..

Moos~ are concentrated in the eastern portion of the Study Area and the Toimi

'Drumlin Field. The estimated population of 815 animals for the Study Area

accounts for 14 percent of the moose in the state and occupies 9.1 percent of

the state moose census area. Unlike deer, moose populations do not appear to be

suffering from \'101f depr(:=dation. Because they are not confined to zones between

~101f packs, moose have a functionally larger available habitat than deer.

Current management practices in the Superior National Forest enhance the habitat

for "boreal" animal s including moose, beaver, and wol f.

Snowshoe Hare--Snowshoe hares are found throughout the forested area in the

northern t\vo-third8 of the state. Populations of hares are subject to extreme

periodic fluctuations. The amplitude of the cycle is a function of the survival

and reproductive rate; wi thin a particular geographic region. Lake States popu­

lations fluctuate at about a 10:1 ratio from peaks to "lows (Wood and Munroe
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1977). SnO\'lshoe hare dcnsJ tics in the forested or shrub co'mrnuni tIcs of the

Study Area may range from a density from 10-20/km 2 during population p0<:lks.

L1.ke deer, snov7shoe hare reach highest densiti.es in young forested habitats ,vith

a dense shrub structure.::md. prefer hahi-tats where they are shel tered from preda­

tion. Preferred habitat usua'lly includes some 'form of coniferous or brushy

cover. Najor predators of the snovlShoe hare include the great horned oV7l, great

grey and barred owls, lynx, bobcat, fox, coyote, wolf, mink, ·and man.

Beavcr--Be'aver range throughout ce·ntral and northeastern Ninnesota and are the

major herbivorous fur-bearers in the Study Area. Aerial census data indicate

that 'populations have been increasing since 1957 and that the number of colonies

per 1.6 km of stream length is slightly higher (.89) in the Ely-Finger Lake area

than in the Isabella area (.53)(HDNR 'aerial census 1976). Colonies range from 1

to 12 indiv'iduals vlith an average of 5.7 animals (Banfield 1974). Like the

other large herbivores, beaver prefer habitats abounding in young aspen and

maintain high populations along stremTIS in the Toimi Drumlin Field.

Ruffed Grouse--Ruffed grouse occur throughout the forested portion of Minnesota

from the Canadian to the 10\va border. The northeastern part of the state has a

long hi story of depressed densi ties comp~red to most of the remainder of the

state (Gullion 1970; H. Berg, 1976 HDNR, personal commurricatio·n). Within the

eastern part of the Study Area, which accounts for 4.4 percent of the state's

grouse habitat, a census in the spring of 1977 revealed a greater density of

displaying males in the south than in the north. The higher densi ties are pro­

bably associated \vith a preference by displaying male ruffed grouse for aspen

and aspen-birch habitatso Peak spring breeding densiti~s of ruffed grouse may

reach 1 pair/4 hectares in 8 to 25 year old aspen-birch stands, ~lereas pine
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stnnds sUJiport densities of only 1 p311'/8 hectares. Both of these density esti­

mates may be high; hm'lever, regional data are not <1\rai.lable.

Spruce Grollse--Spruce grouse (Can~httes ~(ln3densi~) are generally considered to

be a bird of the mature coniferous forest dominated by jack pine (Pi!1us

banksjana) and/or spruce-fir (Picea spp. - Abies spp.)(Aldrich 1963). This spe­

cies is distributed across the boreal forest: of Canada and Alaska, \vith popula­

tions in the Uni ted States restricted to portions of certain northern states.

Both upland and lowland conifer habitats are used bi spruce grouse. The age of

forest used by spruce grouse varies. Territorial males used mature c1osed~

canopy stands, whereas nesting females used younger forests (Haas .1974).

Hoderate amounts of habitat disturbance by logging or fire are not detrimental

to spruce grouse, and m2Y, in fact, be beneficial for broods or nesting cover

(Haas 1974). Density estimates from Anderson (1973) and Haas (1974) suggest

that loss of large tracts of spruce grouse habitat would result in loss of 4 to

5 individuals for every 12 hectares lost.

Waterfowl--Minnesota contributes approximately two percent of the continental

waterfowl population. In 1976 and 1977 the breeding duck populations in

Minnesota were estimated at 676,000 and 695,000, respectively (Jessen and

Parker, l-mNR, USFHS, 1.n press)~ Although the state 1.S relatively \vell--endO\',ed

with wetlands, the forests of northeastern Ninnesota contain only a small pro­

portion of prime waterfowl habitat. The mineral resource zone (see Volume 3- ,

Chapter 2) within the Study Area includes approximately 100,000 acres of

wetland, all classified as being of "lesser" importance to waterfowl.

Results of an aerial census' conducted by the Copper-Nic.kel Study, in- the spring

of 1977, suggest that waterfO\;;,l rench their highest concentrations in the
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8outhQ:lstcrn part of the Study AroDe The lnOt;t heavIly lH;L~d \·,atcrshcds during

waterfoVll migrcltion [Jrc the St. Loujs, Stony, <lnd Kmvishi\vi rivers (Figure 33h).

Within these areas the highest duck conccntraUons on lakcG \-Jere obse.rved on

Stone, Long, Seven BeDvcr, and Birch lakese The concenlration of \·.raterfo'.."l in

lakes and streams in the southern part of the Study Area can be attributed to

the shallo\ol depth of the lakes, the slow current of the streams, and the rela-

tive ahundance of emergent aquatic vegetation. Areas that are ~nportant during

the migrating season may be equally important during the breeding season.

Spring migrants, and presumably breeders, are dominat~d by mallards, common

goldeneyes, ring-necked ducks, blue-winged teal, and black ducks.

Figu're 33b

2.5.4.2 Omnivores--The ~hanging status of the black bear reflects changing

.atti tudes over the' past sixty years ~ Black bears have been protec ted, unpro-

tec ted, boun tied, and established as a big game animal (present status).

The principal range of black bears in Minnesota is the forested region in the

north central and northeastern parts of the state, totaling 55,503 km2 • The

Study Area represents 8.3 percent of the state's black bear habitat. Density

estimates from Rogers (U.S. Forest Service, personal communication 1978) for

northeastern Hinnesota suggest that the bear population, in the Study Area pro-

bably ranges between 825 and 1,268 animals.

Black bears are the major wild omnivore in the Study Areao

•

They prefer upland.

forests in early succ.essional stages. Although art assortment of mature berries

and nuts are their .major food sources, Rogers (1977) has found that almost till

bears in· the Isbclla area rely on garbage dumps during some season of the year.
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2.5. 1+. 3 _(':"~!:2:~}.:':'.~~~.~~~·-PrcdDtors <lre of specie'll int('re[~t hecause of theJr

generally 10\01 densities and compcti.lion v:rtth man (in some .edses) for the sone

food resources (T.able 10). Hi thln the Study Area \Valves are the major predators

that conflict \'-lith the human population because other predators either occur in

10Yl numbers (e.g. lynx) or use foods that are of no value to the human porula-

l ion (e. g ~ 01,.11 s) "

Table 10

Wolves-- The conflict between wolves and man is reflected by the history of the

wolf's protection status. In 1950 the Minnesota Department of Natural Resources

(NDt\'R) ceased a wolf control program and bountied the animal. The bounty "laS

ended in 1965. Wolves within the Superior National Forest were protected in

1970 by a U.S. Department of Agriculture decree. The 1973 Endangered Species

Act granted Holves full protection throughout that time, but increasing poplIla­

tions and their return to their previous range has prompted a recent change

(spring 1978) to 811m.; authorized trapping or shooting of nuisance animals

suspected of killing livestock in certain regions of the state.

The last thriving population of timber wolves in the contiguous United States

resides in northern and northeastern Minnesota. Mech .(U.So Forest Service, per­

sonal communication 1978) estimates a population of 1,250 wolves in the lower 48

states, with 1,200 of the animals in northeastern Minnesota. In recent years

wolves have expanded to areas outside of the Superior National Forest to include

78,000 km 2 of northern 't-Iinnesota.. It appears that the Study Area contains 7

percent of the curr.ent wolf runge, but if human activities increase else\oJhere in

northern Hinnesota and wolf range is once again limited to the Superior National

Forest, the Study Area would represent 29 percent of available wolf habitat.
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The esttmated vlOlf populDtion of the Study Area is 154 to 2,00 onlmflls) 13 to 17

perceilt of the state's pOplllfltion. Densi ti.es are highest .1n the northe0stern

par t 0 f t 11eStudy Are. a c1 s can be see n fro In F::i. g IIre 3 /.) H In [J P 0 f kn0 \·m \-101 f t err i -

tortes in the Study Area. Hech and Karns (1977) report a reduction of \\101f

populations in the Interior Zone of the HHCA \vhere deer populations have been

decimated by wolves. The declining wolf population is attributed to death of

pups by malnutrition (Van Ballenber8he and Mec.h 1975; Hech 1977), combined v.rith

mortal i ty caused by in trusion of member s of one pack on the hun ti ng terri to ry of

another (Ncch 19J7b, 1977c). The availability of preferred deer habitat in the

Toimi Drumlin Field suggests that wolf populations in that area may rise if

human activities are not increased. Because of decreasing deer populations, it

is doubtful that present wolf densities of 1 wolf per 26-34 km 2 in the Study

Area will be maintained" Moose populations are not an a1 ternative prey 'and can-

I

not maintain high Half populations.

Figure 34

Raptors--L~ke wolves, birds of prey (raptors) come into conflict with man in

highly populated areas. Although the majority of their prey items are not

valuable to the human population, hawks, atvl s, 'eagles, and ospreys are subj ec t

to illegal shooting in agricultural areas. Raptors, considered more common in

'the northern part of the state, include the broad-\vinged hal;.vk (Buteo

platypterus), great horned owl (Bubo virginianus), and goshawk (Accipter

gentilis). Bald eagle and osprey are fish-eating species that prefer mature

coniferous habitat. The 39 known eagle nests in the Superior National Forest

account for 5 percent of kno\oll1 bald eagle nests in the United States. Twelve of

the 39 nests are located in the northern part of the 'Study Area \olhere mature
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conjfer t~t;3pds and open 1:l<lter arc common (F'jgure 3~). 1\"enty-·threC' active

osprey nests ·h.1vC been recorded in thC' Supe'rfor National Forest) \Vi th eight of

these nests In the Study Area.

Fifteen species of raptars were observed by the field team in the Study Area.

The most commonly observed species vlere the broad-winged hawk, sparra,v hm.;rk,

and red-tailed hmvk, all diurnal species that are easily observed. Along ,\'1 th

the marsh ha,,!k, the sparrm'l hawk and red-tailed 11a\..]k are considered to be the

most common breeding raptors in Hinnesota (Green and Janssen 1975).

Upland deciduous and coniferous stands generally provide more favorahle habitat

for raptors than do 10\'11and forest types. Aspen-birch comnlUnities/mixed

conifer-deciduous stands, preferably \\7J. th a diversi ty .of natural openings, pro­

vide favorable habi tat for such migratory raptors ·as the broad-'v:ringed and red­

tailed hawks, and sparrow hawks, as well as year-round resident goshawks and

great horned owls (~ubo virginianus). Young to medium-aged habitats (less than·

30 years) support the largest number and variety of prey biomass, whereas older

stands provide trees with branching structures suitable for securing nests.

Otter--River otter are distributed over .half of the northern half of the state

(107) 323 km2 ») and are most common in the northeast) where the Study Ar.ea

accounts for 4.8 percent of the state's habitat. Otters are concentrated near

water because fish are their major prey. Otter populations are expected to

remain stable because of low seasonal trapping limi ts and public m,mership of

the most intensely populated portions of otter range.
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Lynx and BohcaL---Thc principal range of the, lynx in North AmerIca is in the

forested regions of CnT1Clc1.J and 1\laska) and only clips into the contiguous Unitc""'d

State sin the \</e s t ern mo 11n t a 1. no us s tatc s, t 11 e Grca t La k e s, and Ne '\'1 Eng 1and

regions (Banfield 1974). Even in the principal range to the north this predator

is a solitary, low density 'species.

Resident lynx range in Hinnesota extends from Lake-of-the-Hoods to Cook County

along the Minnesota-Canadian border and includes 15,300 km2 with 23.8 percent

in the Study Area. During population influxes into the state from Canada t the

Hinnesota'range is extended to 69,600 km 2 • Such influxes usually occur one or

two years after cyclic population lows of snowshoe hares (Henderson 1977)~

Bobcats are more common and more widespread than lynx and expanded into

northeastern Minnesota from the hardwood region after clearing of the conifer

forests (Henderson 1977; Rollings 1945). The present distribution is north of a

line from Anoka to Kittson counties. The Study Area encompasses 5.7 percent of

the total range of bobcat in the state.

Fishers and Marten--Fisher range extends into the northern United States, but

the principal range is in Canada. Populations in Minnesota are concentrated in

the northern counties where suitable conifer and conifer-deciduous forests

occur. The Study Area accounts for 15.2 percent of statewide fisher range.

Marten, a close relative of the fisher, are more limited in distribution and

occur in much lo\,]er densi ties than fishers. PopulDtions have apparently been,

rising since the late 1960s (Mech and Rogers 1977). Several authors believe

that either the BHC1\ is acting as a reservoir from which population expCJnsions

occur (Hech and Rogers 1977), or the increase is due to high densities of marten

in Ontario and subsequent emigrati-on i.nto the United States (Karns 1978, per-



sonal communication). It Dppcars that the Study Area Dccounts for 26 .. 7 percent

of mnrten range in Hinnesota. Hi thin the Study Area, prime marten and fisher

hahitat occurs in the Shallo\·] NorDine Bedrock Province in the northeastern part

of the arca.

Plant communi ties develop slovlly and, in the absence of copper-nickel mining

developm.ent, fev7 noticeable changes Hill occur in terrestrial ecosystems of the

Study Area. The most significant alterations would occur "'There extensive har-

vesting of mature forests is undertaken. Of particular importance in this

regard is an area that the U.S. Forest Service (USFS) refers to as the Baird

Sale. Under a contract that was signed in 1966, the USFS' is attempting to ha1'-

vest l mature and overmature jack pine stands that are concentrated in an area
l

south and east of Birch Lake. By the time that logging is complete, as many as

13,174 acres of forested lands vlill be harvested and more than 159,900 cords of

jack pin~ will have been removed. It is likely that many of the lands affected

by this sale will regenerate to species other than jack pine. Projected har-

vests, based on the Regional Study's succession model, suggest that the largest

harvests of jack pine for the next 100 years are those occurring at present

(Figure 36). The model is based on current management prac tiees and assumes

that a constant percentage of all lands will be harvested in each era, but that

the species composi tion of the harvest will depend on avail-able timber ,·ri thin

marketable size-classes. The assumptions of this model are discussed in section

2.3.3.1.

Figure 36
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In :'3dclition to timber cutting, other [actors Hill act to change cx:Istlng

tcrre~~Lrial ecosystems. Of p~n<tJc\l13r importance is the potential for inten-'

sified forest lTI<ll108cmcnt on state and federally, owned lands.

Legislation recently passed in the U.S .. Congress Hill halt all timber harvesting

5.n the Boundary Haters Cano'e Area (BHeA). The consequences of this action v.rill

be twofold. First, the forest products industry will be forced to look
~d

else\vhere for the softwoods needed to make. pulp for high quality papers.

Inventories 0'£ timber resources nOH being' completed by the HDNR, Division of

Forestry,. indicate that significant amounts of balsam fir are available and can

be used as a substitute for jack pine and black spruce. Balsam fir is little

used as a pulp-vmod species in Hinnesota at present, and increased utilization

could significantly increase timber harvesting in the spruce-fir.vegetation

type.

In addi tion to inc.reased harvesting of softvlOods in the Study Area, both sta te

and federal forestry agencies are currently planning to intensify management of

lands for the production of softwoods. Much of the Study Area that currently

supports hardwoods formerly supported stands of pine and spruce and could be

converted back to conifer production. It seems, therefore, that softwood spe-

cies could be expanded in areal coverage at the expense of hardwood s. Ho\o]ever,

the impacts of intensified forest management vmuld not ~e obv~ous until 1985-

2015, when the hardwoods that currently occupy these sites can be harvested.

In addition to al tered forest management practices, planned expansion of taco-.

nite mining would significantly impact terrestrial ecosystems of the Study Area.

Activities that are currently planned would potentially require ~ore than 20,000

acres of land. Host of these lands'

95
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remove these lands from forest production fC!r. many yearsa Remov81 of the~~e

lands would place an' additional requirement for intensified management on unnf­

feeted lands, altl,lough the harvest of timber on lands to be mined could reduce

the short-term impacts of mine-land removal.

The cumulative effect of BHeA legislation and ~xpansion of taconite mining may

be to place increased emphasis on the intensive manage~ent for timber production

on the remaining lands (see Volume S-Chapter 6). Intensified management ~ould

tend to favor softwoods over hardwoods and resul t in a conversion of mixed

stands to 'those of predominantly pine species.
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2.6 SUSCEPTIBILITY OF lZEG10N TO UiPACTS

The susceptibility of an ecosystem to any impact depends on the susceptibility

of its component soils, vegetation, animals, and the interactions between these

components.

For example, the impact of 108ging activities on aspen-birch, forests on clay

soils of the Aurora till plain province differs from that in the shallow moraine

bedrock province in several ways. On thinner, drier soils in the north, scat­

tered residual birch are more subject to dieback ,caused by higher soil tern'"

peratures after'logging.. Heavy 'equipment is more likely to scalp the thin

soils making regeneration by persistent forest floor herbs less likely. The

coarser texture. of the soils is more likely to cause excessive drainage pro­

ducing drought stress to the vegetation. On the till plain the clay soils are

more subject to compaction by heavy equipment. Their ability to retain moisture

favors the regrowth of aspen and birch over planted conifer species.. Heedy spe-­

cies of the mint and buckwheat families are more likely to invade open areas

because of the higher soil moisture. Forests are more likely to be susceptible

to fungal diseases because of the moister forest floor. Populations of deer

using such areas after 4 or 5 years are likely to be higher than in the north

because wolf populations are lower in the Aurora till plain.

2.6.2 Soils

Susceptibilty of soils varies with their ~exture) the mineral composition of the

parent material) proportio-n of organic matter, ,.,rater retention capacity, cation

exchange capacity, base saturation, buffering capacity) and the type of vegeta-
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tion overlyine them. Hi thin the ~~tl1dy ArC'.:') , soil s rc1l1ge in t.cx ture ftom clays

to sandy-loam and sandy soils, in pH fl.·om 4.5 to 6.5, in cation exchange capa-

c·ity from] 5.2 to 119.1 milliequivalents/lOOg and. in hase s8turation from 1/1.5

to 62.7 perce.nt. Attributes of the mnjor soils in the Study Area are disctlsse,d

in Volume 3-Chapter 1. Differences between Boils are reflected in Table 11 in

which susceptibilities to various impacts are shown for the various soils.

Table. 11

I

Organic soils gener.ally have a higher cation exchange capaci ty than mineral

soils, thus affecting their ability to bind ions rather than the ions leaching

#

out in ground\vater or being taken up by plants. Among mineral soils, clays have

a higher cation exchange capacity than sandy soils •. The buffering capacity of

the Sioil, or its ability to resist changes in pH, is generally proportionate to

the cation exchange capacity. Buffering is least at extremes of pH and constant

in the pH range from 4.5 to 6.5, suggesting that soil s in this range are least

likely to be affected by factors such as acid rain. At low pH values aluminum,

iron, manganese, copper, and zinc are more soluble and hence more available to

plants. Amounts of these ions that are toxic to plants at low pH are less

available near neutrality because they precipitate and become insoluble.

·Decomposition of litter is apparently inhibited by accumulation of heavy metals.

In a study of metal loadings and litter decomposition in soils dOvH1\Vind of the

Copper Cliff (Ontario) smelter, Freedman (1976) found slower rates of decom-

position where metal loadings were.high .. Because the concentration of metal in

litter depends not" only on the loading but on the weight of the litter, soils in

the Study Area with 10\ver litter v7eights can be expected.- to exhibit a grcnter

relative increase in metal concentration and a concomitantly greater increase in

the time required for litter decomposition than those \\11 th 0C'eper Ii tter Inycr~.
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Susceptibility of vegetation to Lnpacts varies with structu~al attributes, spe-

cies composi tion, heal th of the dominant species, physi010gical adaptations of

dominant species, and s1 te charac teristics. Examples of the influenc.e of struc-

ture are the susceptibility of shallo\ol-rootcd species, such as fir, to ""rind

damage and thc hieher incidenc.e of both hypoxylon canker of aspen and birch

dieback in open-grown or thinned standse Impacts on vegetation are summarized

in Table 12.

Table 12

The synergistic effect of natural stresses, disease, and pollution varies' from

species to species and site to site. "Off-site" forest species on soils that do

not provide optimum gro'wing conditions are more subject to stress from drought

or disease (Hypoxylon canker in aspen; cytospora canker in aspen! birch dieback,

and shoestring root rot in most species). A review of plant diseases in the

Stuqy Area, the causal agents, hosts, and importance (Zeyen and Groth 1978)

provides the background for understanding possible effects of increased air

pollution. A second report (Zeyen 1978) presents the likely effects of pollu-

tants on plant-disease interactions. The effects of pollutants on plant disease

may be two-fold~ For obligate parasites (i.e. those requiring living hosts) low

concentrations of pollutants such as 802 may reduce the incidence of disease.

White pine blister rust is the most important factor limiting the re-

establishment of white pine in the Study Area and in neighboring OntArio. The

importance of spe~ies composition of the forest as a. \"hole is ,illustrated in this

case by the necessity of an alternate bost, the gooseberry (Ribes spp .. ) in order

for the causal fungus to complete its li1e cycle. Studies by Linzon (1958) in

. 99



,

I (f)

II rn 0 -{
o () 'r V» I (/)o r m m ".., r-n -,. 0 r"'!-- ~l I U
L m -;t' ....- r'-'"'t>~ ,.e- -... 0 ..-- rv

".. ...... ":> -, ......- 0 .-"
~ ITi 1:0 < u G) 0 I> =<. 0~ Xl 0 rn --! (/) O' I ):>

eJ) r- :0 _-:::"'\ -::::'"- - '- CJ I --~. ~
1>-0

1
\ _..I, 0 S ~ » ~r·n. >.-'"7 -I Ie" -;" l.J.. --.l I 1"'""\

1 L ,,- .! I L.. (j) "'- ..-; II ,,;J)

j°-ll ~ I=! 7" -:: I ~l m

~
z
CJ

o
»

z
(f)

'm
0 i1 0
:0 I 0 -i
0 0 '''T1 (J)

C 0 :a m m
G) 0 m » '1J

:c z (../) 0
-; G) m m

~

TABLE 12 SUSCEPTIBH_ TY OF \!EGETAT!Ot\J TO irJ1Pf\(~TS*

NAT U R A LIM P.A C T S,\ I ANT H R 0 P 0 G E N I C I tV! PAC T S
i • «§ S

o
<
m·
:0

OJ
JJ
o

.S: I <:
~ ~

J> "J)o :......

~ . m ~ I I O! w II Z I (5 I (J) I I
! SHRUB CARR. I ~?~"r~~:~ I I O! G) I L-~---", -,/' I I
r--------\r"7,..,......r""." ...::::,.;", ..~,.~. [ .' .... :.::> 1 i I

p SH r ---- ":-:"""":'-':'-:""1 I I ' I I I :,-,.-- __ -_~.~'._~" r I

~E~.~R !~\;'Cj01 I! iTITITI':T1 I I iJ"7zrl . -, ---- - -, '

AR

~~\CK S~~RUCE' fi;lil·-·-I~\\\~\\\\\\\\I;';i.i~!:~~li.H-~LH ~.-.- - _·_·~•.j{1 I I
I I' CK Pl~'~ I 1----,---:1.1 I I~---.:.J ~_ __---- F-~, :

ASPEN-BIRCH-FIRb

IXED CONIFER­
DECIDUOUS

I 1
r~

1"--'1

NOT SUSCEPTIBLE OR EFFECT UNKNO\NN

ADAPTED TO IMPACT RECOVERS NATURALLY
SUSC EI:JTID L.E
r, ,T r'; i J :-' (~ r:: I r~

* Ratings include allowan es for
probuble locations of 111 ninq
Dr c7) S il nd the d'j s t r -j I) II ton t) f
cOII:illlJn-l ty LYllcsl n >J I.IHlv 1\(' i','.



Ontario suggest that the incidence of \\'hite; pine blister rust may actually be

reduc0rl by 802 fumigations at concentrations of approximately 700 ug/m3• On

the other hand, facul tative parast tes (tho~3e that can live o~ dend material)

commonly attack only those plants that are already under stress. Pollutants

generally increase the incidence of such diseases. 802 has been observed in

several cases to increase the incidence of shoestring root rot (Zeyen and Groth

1978). Air pollutants can be expected to cause the greatest increase of disease

in thos~ plants most susceptible to direct damage. The 802 sensitivity of

major ve~etation types in the Study Area is included in Table 12 (susceptibility

of vegetation to impacts). Those habitats dominated by the most sensitive spe-

cies can be expected to show the greatest increase in incidence of disease from

synergistic effects of air pollution.

I.

The 'interaction of a major resource 'and a pathogen is well illustrated by the

case of white pine blister rust. The disease has' so reduced the importance of

white pine in the area that susceptibility of white pine to any other impacts

has become a moot question. On the other hand, red and jack pine are important

species, especially frqm a management point of viewo Should the strain of

scleroderris canker now present in New ~ork reach Hinnesota, the Study Area

would be very susceptible and it is likely that all the red pine ($9-3% of the

area) and a large proportion of the jack pine would be obliterated.

The genetic composition of a species may have an important effect on its suscep-

tibility to impacts. Trembling aspen, which grows in clones (clumps of indivi-

duals with. the same genetic 'composition) exhibited varying responses to the 1976

drought from c.lone to clone. Such physiological differences between plants of

d~fferent genetic composition are likely to exist for many kinds of stress

responses, including disease and pollution•
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The importcll1cE' of disease re~:;istant str<.dns is lde11 undcrst,ood in l:lgricultur,a1

c r 0 ps, b 11 t: .i seq U d 11y r e 1. C'v a i'l t :i. n forest r y • Re S 0 () r c h by Ah 1. g r en ( 1 <J II 8 to

present) is directed toward breeding a blister-~ust resistant strain of white

pine for northeastern Hinnesota. Studies by Goodman, Pitcairn, and Gemmell

(1973) on soils contaminated with heavy metals emphasize the usefulness of

metal-tolerant clones of grass (Agrostis tenuis, Agr9stJs stolinifera, Festuca

ruhr~) Fe~t1Jca ~vina, and Anthorcmthl1I1: oc1oratum) for revegetating mine spoil.

Susceptibili i::y of the vegetation to impacts is also dependent on the amount of a

vegetation type (or a dominant species) that is generally available and its

usefulness to ·the human population. Hithin the Study Area both cedar and ash

comrnuni ties are of limi ted areal ex ten t. Upland cedar is virtually non-

existent. Because of their very rareness, these habitats are of special concern

wherever development, logging, or mining are likely to impinge upon them. Both

cornmunities are important for rare lichen species, and c.edar bogs harbor a large

.number of fern allies and orchids. Some vegetation types are not rare per _se,

but become so in conjunc tion vIi th physiographic influences. For example, south­

west facing slopes of pine stands are most likely to harbor prairie species.

(e.g. hoary pUCCOOl1, Lithospermum canescens at G26), north facing ravines pro­

vide sheltered habitats f6r ferns such as Wood~ia spp., and cold bogs are likely

locations for disjune t boreal plants (cloudberry, Rubus charnaemorus on a bog near

. Basswood Lake; northern comandra (Geocaulon lividum at plot T05). It .appears

from the herbarium records that most collections of the arctic raspberry (Rubus

acaulis) have been made in the old beds of glacial lakes, a factor that may

explain the oc.currence of thi s species in the Dunka sandplain and not in other

spruce and tamarack bogs of the Study Area.
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2.6~/-I AnimnJs

The existing cListribution of populations and their regenerative capacities are

additional factors influencing the susccptlli:llity of hiolo[dcal components

(especially animals). Susceptibilities of an511lAls to impacts are summarized in

Table 13. These susceptibilities are based on the fo110\.,ing assumptions.

Di.rect impacts are those in which mininr,':"7 r elated activities immediately affect

the animals by destroying habitats of affecting their behavior. Because direct

land use is not expected to be habitat specific, it is' expected to affect the

habitats 'of all animals. Although noise is not habitat specific, only certain

animals are likely to respond adversely. Indirect impacts are those experienced

by fhe animals secondhand. For example) \ct1en browse species are injured by air

pollutants less bro1vse is available for deer, hares, and other species.

Incr~ased population pressures result in greater mortality of raptors and bears

as "nuisance" animals and indirectly in greater mortality of game species during

the hunting season.

Table 13

Deer in the northern part'of the Study Area are most susceptible to stress

because of the heavy predation pressure~ Less habitat is available to them

because they use buffer zones 'between wolf territories. Direct destru~tion of

these buffer zones would leave the deer more vulnerable than destruction of

equal acreages of the same habitat in areas \vithin the wolves' territories.

Furbearers in the Study Area are not very susceptible to direct impacts (such as

logging or mineland acquisi.tion) other than that of trapping because their 'pre:-

ferred stream and shoreline p 61 and north\.,ard are pro tec ted

by the Shipstead-Newton-Nolan Act ..
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TABLE 13 SUSCEPTIBILITY F AN.IMALS TO ii\1PACTS
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A seriolls threat to slilall In<1:nrnals is the bl·l)-'-rtccurnu13tion o'f toxtc mnterinls.

Holluscs nre known to Dccumu}aLe metals, espec.ially \vhen hath sediment ,mel \vGter

. contain high metal concentrations. Some metals like copper.ond nic.ke1 HOlllc1 not

be accumulated hy such animals as raccoons, whereas others, like cadmium, are

also accumulated by mammals. Unlike nolluscs, fish regulate essential elements

such as copper and zinc, and some fish regulat.e cadmium~ Because of this regl1~­

lation, it may b~ that fish-eaters are less susceptible to the cumulative

effects of metals in the food chain than are mollusc-eaters"

A similar process of accumulation along the food chain may operate in the case

of browsers. Certain plants differentially concentrate trace elements; for

example, samples of leaves from blueberries, leatherleaf, and hazel in the Study

Area differen tially concentra te manganese to level s an order of magni tude hjghel­

than the lowest recorded levels for species in the St~dy Area (willow, aspen,

and wild pea). D~varf birch (~etllia pumila), aspen, birch, and willow appear to

concentrate zinc di.fferentially. Aquatic plants are known to concentrate

several elements differentially, and it has been demonstrated (Jordan et al.

1973) that the higher concentration of sodium in aquatic plants fills a special

need in the diet of moose. In general, .mammal s have metabolic provisions for

the elimination of excess essential elements such as copper and zinc, but

ingestion of browse rich in such elements as nickel might consti.tute a potential

danger for some animals.

Direct habitat destruct jon by logging development and mining is probably more

important to large mammals than accumulation of trace elements in the food

chain. Those habitats that are most restricted in areal extent and at:'e used

most exclusively would suffer the greAtest impact. For example, loss of the

. black spruce-jack pine habitat in the Kawi.shhd watershed \voll1d almost obli-
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terate the preferred habitat of marten [lnd fisher vllthin the Study Area, whereas

loss of a comparClble acreage of aspen-birc.h forest would' be a less important

loss to animals favoring it (deer, ruffed grouse) because nearly fifty percent

of the Study Area is in this cornmunjty type..

Although the Minnesota \volf population has reocc:upied areas of northern and

north-central l'1innesota outs:f.de the Superior National Forest, the behavioral

response of wolves to increasing human populations is to retreat to inaccessible

areas. Should the human population of northeastern 'Hinnesota expand, wolves

might be likely to contrac t their range e1 ther into the more remote parts of the

Sl1p~rior National Forest or the big bog west of the Study Area and north of Red

Lake. Changes in the range of HoIves could be expec ted ,to resl1l.t in inc reased

deer populations in areas deserted by wolves and possibly reduced deer popula­

tions in areas occupied by \<701ves. Coyote and fox populations could be expected

to rise in areas vacated by wolves.

The susceptibili ty of small mammal populations to environmental impac ts is

understood to only a limited extent. Because of the large litter size of small

mammals, direct habitat loss may not be. as important to regional populations of

most small mammals as to larger animals. Such small mammals as the rock vole

and southern bog lemming, which occur in restricted habitats? could be obli­

terated if their lillbitats were destroyed.

Schlesinger and Potter (1974) report that small mammals appear to accumulate

lead and cadmium jn natural ecosystems. The physiological effects of such nccu­

mulation are not well st~died. Studies by Schroeder and Mitchener (1971) showed

a lowered male/female ratio, increased mortRlity and resorption of fetuses in

rats exposed to 5 ppm of nickel in their drinking Hater over three generations.
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Extl"tlpolation of such laboratory findings to the field sit'uatio!l requires

cautlon, hecause seed~'eclting lIlice adapted to dry conditions, such as the deer

mouse, drink very little water.

2.6.5 Impnct Zones and Divisions

Because the animal populations are so closely tied to vegetation types, it is

possible to examine potential impacts \Vi thin the Study Area on the basis, of

divisions and zones 'Hi thin \..;hich responses to impacts should be similar.

Seven terrestrial. biology divisions are useful in conceptualizing l;videspread

regional impacts on terrestrial communities, such as the impacts caused by air

porlution, intensified forest management, or broad range changes in Half

populations. The locations of these divisions are shown in Figures 45~-g. The

proportion of major habitats within divisions is presented in Table 14.

Table 14

Direct impacts of copper-nickel mining are more easily assessed by means of

seven development zones. Direct habitat alterations, seepage and noise, are

more likely to influence communities along this belt than areas more distant

from potential mining operations.

The seven development zones (also referred to as the "dire.c t impac t zones") are

arbi trary divisions of a 6-mile wide b.and along the zone of copper-nickel

mineralization. The band was divided along discontinuities in mineralization so

that each of the seven resulting zones contains a potential locus of mining

activity, generally reflecting the possible extent of a single mining operation.

C~lrrent mineral rights holdings, company interests, \vatershed divides, cmd vege-
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Table 14~ Distribution of MLMIS cover types within divisions.*

"" ....

DIVISION 1 DIVISION 2 DIVISION 3 DIVISION 4
% of % of % of % of

type in type in type in type in
% of Study % of Study % of Study % of Study

COVER TYPE ha. dive Area haG dive Area haG dive Area haG diva Area

White Pine- 24., 017 33 50 3,951 15 8 470 2 1 1,651 3 3
Red Pine-
Jack Pine

Spruce Fir 9,732 14 8 11,806 44 9 3,983 20 3 15,239 29 12

Elm-Ash-
Cotton\~ood· 0 0 0 0 a 0 0 0 0 0 0 0

Maple-Bi reb.-
Basswood 16 0.0 14 0 0 0 0 0 0 0 0 0

Aspen-Birch 31,563 44 11 7,579 28 .3 6,073 30 2 31, 70 9 30 11

Unproduc tive** 1,555 2 6 810 3 3 1,344 7 5 2,348 7 9

Nonforest*** 5,004 7 8 2,575 10 4 8,210 40 14 1,862 41 3

Total 71,887 26,721 20,080 52,809

. *See maps, Figures 45a-45g.
**Includes both uplands and lowlands.

***Nonforest includes all other land uses such as mining, residential, agricultura, and water.
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Table 14 continued.

DIVISION .5 DIVISION 6 DIVISION 7
% of % of % of TOTAL PERCENT

type in type in type in IN OF
% of Study % of Study i~ of Study STUDY STUDY

COVER TYPE ha. dive Area ha. dive Area haG dive Area AREA AREA

White Pine- 1,910 4 4 3,998 2 8 11, 930 9 25 47,927 8.7
Red Pine-
Jack Pine

..
Spruce Fir 22,922 47 18 53,614 26 41 12,416 10 10 129,712 23.5

Elm-Ash-
Cottonwood 0 0 0 761 0 98 16 0 2 777 0 .. 1

Maple-Birch-
Basswood 16 0 14 0 0 0 81 0 72 113 0.0

Aspen-Birch 18,082 37 6 102,760 51 36 90,668 70 31 '288,434 52.2

Unproductive 907 2 4 16,155 8 63 2,639 2 10 25,758 4.7

Nonforest 4,986 10 8 25,480 13 43 11,299 9 19 59,416 10.8

Total 48,823 202,768 129,049 552,137



tation bounc1artes \o70.1:e nol UI::(~d to dc!dgn<1l:e th(~ zones. The ~;cven c1cvclop;Ylc:nt

zones are illustrated in Fir,ure 37, nncl t1w area of e~lch habitat \'l.i.thiH zones is

presented in Table 15. The c.ommun.ity attributes of these seven development

zones are presented in Table 16 and discussed below. Vegetation maps of the

seven zones are presented in Figures 38 to 44. Susceptibilities of ecosystem

components are summarized by zone in Table 17.

!~.gl1re 37, Tables 15, 16, and 17

~onE:?-!. lies adjacent to the BHeA on the east side of the Kmvishiwi River and

generally includes the watershed of Filson Creek (Figure 38). The zone is

distinguished by its high proporti.on of jack pineo Thirty-t\-70 percent of all

jack pine in the direct impact belt lies' in this zone (Table 15)" Within this

zone there is a g17eater admixture of conifers in the aspen-birch stands than

elsewhere in the area. Extensive portions of aspen--birch forests immediately

adj acent to the BHCA (near Nickel Lake) have been logged in the last 30 years.

Plantati.ons along the Spruce Road range in age from 30 to 5 or fe\\1er years and

are ex.elusively red and jack pine. Remnants of mature white pine stands are

scattered near the Spruce Road and the Kmd.shtwi River. The floodplain ash COr.1-

rnunity is well-developed in a narrOv,7 band along both shores of the Ka\vishi\'li

River. Two plant communities within zone 1 are near their range limits. The

black ash-silver maple .floodplain community is approaching its northern limit

(the Quetico, Ontario region), \vhereas the Upland black spruce-jock pine com-

munity is at its southern limit. Although distributions of all species in a

communi ty do no t end abruptly where the communi ty ceases to be recognized as a

functional unit, it is the case that individual species may also be near their

range limits. The distribution of a species stops where the environment is no
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Tabl~" Proportions of community types in seven development~nes*

ZONE 1 ZONE 2 ZmJE 3 Z():\E 4
ha. Total % of % of ~~ of () f
in ha in % of this type ha in % of this type ha in % of thi s type ha ir. ;~ of thi s typ,-'

BUCA zone zone all zones zone zone all zones zone zone all zones zone zone ::11 :' d r1l..' S

Shrub Carr (inc. marsh) 105 1.5 2.9 525 4.3 14.6 396 4.5 11.01 248 3. 1 . 6.9

Ash 2 .03 5.9 2 .02 5.9 2 .02 5.9 7 .08 21.0

Cedar .
0 0 0 15 .. 10 4.4 96 1.1 27.9 11 .14 3.2

Tamarack (inc .. fI

nonprod.. swamp) 11 .20 1.6 32 .26 4.9 146 1.7 22.4 0 0 0

Black Spruce (inc.
mixed black spruce-
fir-cedar 139 475 6.8 4.5 1,258 10.4 11. 9 1,280 14.0 12.1 1) 606 19.9 15.2

Spruce-Fir (mainly
upland spruce inc.

"black spruce-jack
pine in zones 1 & 2) 122 1.7 5.3 770 6.. 3 33.6 206 2.3 8.9 419 5.2 18. ~

Jack Pine 764 901 12.9 33.2 765 6.3 28.2 443 5.0 16.3 186 2.3 - 0O. J

Red Pine 98 1.4 10.5 24 .20 2.6 482 5.5 48.9 40 5.0 4.3

Aspen-Birch (inc.
aspen-birch-fir) 901 3,527 50.4 11.6 5,858 48.2 19.8 2,198 25.0 7.2 1,7 b6 :21.9 J. ~)

Mixed Conifer-Deciduous 390 5.6 12.3 858 7.1 27. 1 . 744 8.5 23.5 958 11. 9 ]{). :)

Clearcut &Young
Plantation 42 687 9.8 8.2 1J 306 10.8 ,15.6 1,773 20.2 21.1 1,628 20.1 19.~

Industrial & Residential
(inc. mining) 0 0 0 2 .02 .03 1,191 13.6 40.4 1,211 15 .. 0, 41.1

Water 430 679 9.7 35.7 730 6.0 38.4 225 2.6 11.8 0 0 0

TOTAL ·6~ 997 . 12,145 9,182 8,080

*zones are the copper-nickel develppment·zones shown in Fig. 37.

Source: MLMIS



Table 15 continued.

'ZONE 5 ZONE 6 ZONE 7 TOTAL AREA I~

% of % of % of THIS m~!:lU~IT'l

ha in .% of this type ha in % of thi s type ha in % of this type IN DIRECT
zone zone all zones zone zone all zones zone zone all zones IMPACT RELT

Shrub Carr (inc. marsh) 539 4.8 14.9 862 8.7 23.9 921 7.0 25.6 3.596

Ash 0 0 0 0 0 0 21 .16 61. 8 34

- ...
Cedar 126 1.1 36.6 18 .01 5.. 2 78 .60 ~2.7 344

Tamarack (inc.
nonprod.. swamp) 243 2.2 37.2 57 .58 8.8 162 1.2 24.9 651

Black Spruce (inc.
mixed black spruce-
fir-cedar 4,218 :37.6 32.2 1,829 18..5 17.3 2,442 15.0 23.1 IJ,108

Spruce-Fir (mainly
upland spruce inc.
hlack spruce-jack
pine in zones 1 & 2) 484 4.3 19.3 260 2.6 11.3 241 1.8 9.6 2,502

I,

Jack Pine 191 . 1.7 7.0 210 2.1 7.7 14 • 1 .5 2,710

Red Pi.ne 0 0 0 14 .14 1.5 278 2.1 29.7 936

Aspen-Birch (inc.
aspen-birch-fir) 3,774 33.6 12.4 4,903 49.5 16. 1 8,362 63.6 27.5 30,399

Mixed Conifer-Deciduous 210 . 1.9' 6.6 11 .1 .3 3.4 .•03 .. 1 3,163

Clearcut & Young
Plantation 1,136 10.1 13.5 1,379 13.9 16.4 487 3.7 5.8 8 t 396

Industrial & Residential
(inc. mining) 278 2.5 9.4 263 2.7 8.9 0 0 0 2,945

Water 24 .21 1.3 104 1.0 5.5 139 1. 1 7.3 _1.90J

Total 11,223 9,910 13,148 70,685
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longer 8td table for the species ,,·,hpre it is 'outcompctcd by itD associEltes, or

where the species has .never colon:i.zed. SpecIes near th~ir rnnge limits an~

likely to be cxposed to different pressures from natural selection than those

near the center of the range, creat.ing genetic variations at the periphery of

the ran8c.. Aside from the inherent vnlue of a1lo\<1ing l1Cltura1 diversity to main­

tain itself, the usefulness of ~enetic variants as breeding stock for disease

resistant or winter hardy plants has also been recognized.

Figure 38

Zone 1 has a high rating as wildlife habitat because roughly one-quarter of the

best marten habitat (mature upland conifers) in the Study Area is located \vi thin

the zone. Although deer populations in the nprt:heastern part of the Study Area

ar~ low, the zone is especially important because of the high concentration of

w:i.nter deer yards along the east shore of Birch Lake in a buffer betHeen t\VO

wolf packse Such buffer zones may be important as c.enters of repopulation for

deer in thi s part of the area ..

One plant rare in Minnesota, the large-leaved sandwort (Arenaria mac.roph~lla),

was collec ted at releve si te T30 in thi s zone. One of the 8 kno\Vn osprey nes t s

in the area is located on the north arm of the Kawishiwi River near the BHCA

boundary. Roughly one-fourth of the best marten habitat is included in this

zone, along with a high concentration of winter deer yards lying just on the

east side of Birch Lake bet\'leen the Heart Lake and Crockett Lake wolf packs,

whose territories overlap with the impact zones.

Ninety-three percent of the area in zone I lies on soil association 8, loamy to

sandy-loam salls of the Hcsaba-Barto group. The remaining sojls belong to soil

association 58, organic soils of wetlands.
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~~on~~_ lief: along the nurth arm of Birch L,al~e <'ll1el swings cost as far as Tl~lrris

Lake (FigurE: 39). As in zone 1, there is considerable Ddmixture of conifers in

the deciduous uplands, especially on the e3st 'side of Birch Lake north of Denley

Creek, where spruce budworm da~age is apparent. Over one-fourth of all mixed

stands in the development z.ones lie \vithin this zone (Table 15). Large portions

of this z.one are included in the Baird Sale and can be expected to be reforesLcd

in jac.k and red· pine in the near future. Hhi te pine is virtually absent from

the natural forests in this zone. The ash community is present in restricted

pocketi along the shores of Birch Lake.

Figure 39

Mature conifer uplands within the zone account for nearly half ~he best marten

habitat in the area. Over one-third of all upland spruce (fir-jack pine) in the
~

development zones lies \,jithin this zone. The Keeley Creek Research Natural Area

(814, T61N, RJ HI) provides excellent examples of the upland black spruce- j acle

pine community, mainly dominated by spruce and an example of overmature aspen

that may serve as an example of forest succession in this part of the area. The

Harris Lake osprey nest lies within 1/2 km of the impact zone.

Soils of this zone are the same associations as found in zone 1, with 95 percent

of the area on upland association 8, and 5 percent on organi~ association 58.

Zone 3 occupies the uplands south of Birch Lake and the bed of glacial lake

Dunka including the extensive wetland system located along USFS 424 and along

the Dun1<a River (Figure flO). Pine 1n the area consists almost entirely of red

and jack pine plantations ranging in age from less than ~ years to approximately

70 years. Over one-fourth of all red pine \vithin the development zones lies in
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this zone (Ttlhle 15) .. Aspen-hirch stands lie nwtnly just r;outh of lUrch Lake'

And 'vest of the Eric raiJ road tracks. Portions of the area just south of T\oIpnty

Proof Creek cut in the 1930s h.1ve regnnm to an open upland brushlanc1 \vhich r.:ay

be lncludcd in the "aspen-birch" classification. The Dunka \vetlands contain

ash, cedar, tamarack, and spruce communiti.es Vlhich have been disturbed by

periodic logging.

Figure 40

Because of their history of disturbance and accessibility to ongoing disturbance

these wetlands are probably of less inherent natural value than the more inac­

cessible wetlands in zones 5 and 6, and certainly of less value than the exten­

sive Seven Beavers wetland in the southeastern part of the Study Area.

Soils of zone 3 are more complex than in zones 1 and 2, reflecting the more

complicated glacial history of the area. The predominant soil association (62%)

is the Mesaba-Barto association (8) \vhich prevails in zones 1 and 2, but asso-

. ciation 7 (Toivola-Unnamed-Cloquet) accounts for 2l~ percent of the area.

Associatio'n 5, the Newfound-NeHfound coarse-loamy association underlies the pine

stands south of the Dunka wetland and accounts. for four percent of the area in

the zone. Less important upland soils are the Menagha-Cutfoot association (26)

and the 1'.1esaba ·Barto undulating association (35), each accounting for three per­

cent of the zone. The twelve percent of the zone underlain by organic soil

association 58 gives a good estimate of the true runount of wetland vegetation in

the zone. Six percent of the area in this zone is accounted for at the present

time by taconite mines.

Zone 4 straddles the Laurentian Divide and contains the upper reaches of the

Dunka watershed (Figure 41). A large portion of the area in this zone is
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currently taken up by a vDricty of lacon:! to. 'ndning land uses \'1.1 th tl,vclve percent

occupied by open pi t mines. Aspen""hirch j s the dominant vegetation type,

. a c COli n ting for 33 perc en t 0 f the area • Asp c w' b ire h forest S', in t his po r t ion 0 f

the Study Area are often fairly open, verginL on upland brush communities, of

ve.ry heterogeneous species composition and pntchy structure. The major con­

centration of upland spruce is in the upper reaches of the DU'Clk3 River Hher(-~

stands logged in the 19308 and 19~Os have the appearance of mature stands today~

The proportion of the area in pine is low (2%) reflecting the post-logging

history and large proportion of private ownership. Pine plantations are present

both north and south of the Erie Restricted Road and account for cl.most one-

fifth of all plantations in the direct impact belt (Table 15).

Figure 41

The good development of wetland conifer bogs alol~lg the upper reaches of the

Dunka River is one of the best contiguous areas of habitat for the unique bird

community of c.onifer 10v7lands and accounts for approximately 15 percent of all

spruce hog in the direct impact belt.

The Hesaba-I3arto undulating to hilly association (8) accounts for 4/+ percent of

zone 4, with the Hesaba-Barto undulating association (35) accounting for another

3 percent. The Toivola-Unnamed-Cloquet association (7) acco'unts for 13 percent

of the zone and the Newfound-Newfound association 11 percent.

Zone ~ lies mainly in the watershed of the Partridge River. Despite the relati­

vely small portion of the zone in red pine (7.2%), this area accounts fOL almost

half of all red pine within the direct impact belt. The zone is domin3ted by

a'spen-birch on the uplands (33%) and spruce (15%) and open conifer (167~) bogs in
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the \\lctlcmrls (Fi(;\Jre 1-12). Approxim3tely gO pexeent of all open conifer \\1etlmlds

in the developmE:~nt zones lie \'lithin this zone. As is the case Hith zone 4, the

most unique habitat feature is the extensive areD: of conifer Hctl.c1nc1 preferred

by a unique assemhlage of birds. Al though the proportion of the zone occupied.

by cedar bogs is small (2.3%) over half of all cedar in the direct impact belt

lies \\Tithin this zone.

Figure li2

Soil association 8 accounts for 42 percent of the area, association 5 for 24

percent. Soil association 7 is less important than in zones 3 and 4. Roughly

three percent of the area is currently accounted for by open pit taconite mines.

Zone 6 lies mainly in the lower reaches of the'Partridge River just east of Hoyt

Lakes (Figure 43). Approximately 20 percent of the area is currently takch up

by land uses related to taconite mining. Aspen and birch account for the

largest proportion of upland forests (50% of the area), with pine accounting for

another 2 percent. Wetlands account for roughly 25 percent of the area and

conifer bogs provide the most unique hahitat feature within this zone. Nearly

one-fourth of all shrub carr within the direct' impact belt lies ,.,ithin this zone

(Table 15). Newfound soils (association 5) predominate on uplands with zone 6,

accounting for 69 percent of the zone. Association 7 accounts for an additional

4 percent of upland soils. The zone differs from zones 1-5 in the absence of

as'soc ia tion 8.

Figure 43

Zone 7 lies southe:Ist of Hoyt Lakes on the Toimi Drumlin Field and the Aurora

till plaih province and is dominated by aspen--birch (6ll/~ of the zone)(Figure !f.").
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Over on(;- fourth of e1l1 .1spcn·-hirch \\11 th"i n tl1c~' development zones lies in thi s

zone. Deciduous· stands in this 7.ono are relr]tJvely pure,_ often conUJin herbs

ChCll"acteristic of forests farther 1:Jouth) and have ~htn Litter' l3yers, sogr,esttng

that current rates of decomposition must be rapid. Because the zone was burned

by the 1937 Palo-Harkham-i\urora fire; forests are even-aged. The tHO perc.ent

pine is accounted for by jack and red pine plantations either dating from

shortly after the 1937 fire 01.· planted \'1i thin the'last fifteen years. LO\·;rland

spruce is often open and occurs in draws between drumlins) especialy in areas

not consurhed by the fire. In burned areas such draws are more charac­

teristically occupied by alder carr, ';'1hich reaches its best development in this

zone~ In general, the zone provides the best habitat in the Study Area for such

.game species as deer, moose, woodcock, and ruffed grouse. However, in com­

parison with statev.ride habitat for these species tt \vould have. only a poor to

fair rating.

Figure 44

Seventy percent of the area lies on soil association 5, the association most

likely to be susceptible to loading by heavy metals because of its present

shallO\v litter layer (see Volume 3-Chapter 1). Hetlands lie on two organic soil

associations, 58 and 57 (22 and 6% of the area, respectively). Very little of

the development zones (less than 1%) lies on association 50, the clayey Hibbing

soil that should have a good capacity to bind heavy metals.

Seven terrestrial biology divisions were distinguished within the Study Area on

the basis of forest c.over type and solI associations (Figure 45 and Table 14).

The HLHIS resource bds~ was used to classify each LIO acre cell of the area on

the hasis of vegetation (\-,1h1c.h should reflect the complex susceptib:i.lity of the
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bJologic<Jl components) and soil type (\.,rhich ~;h,ouJ.d reflect susceptibilities

accounlabJe to soil texture, cation exchange capacity, and other parameters

shown in Table 11). A mechanical clusterinn tec~nique (Orloc! 1967) was used to

group watersheds with the most similar community and soil characteristics. A

brief description of each of the seven terrestrial biology divisions follows.

In some cases, differences wi thin divisions were great enough to require separa­

tion of the division into areas that will respond ~ifferently to some but not

all impac.ts. The differences between these subdivisions \·lere. not great enough

to allow distinctions on the basis of soil and vegetation characteristics.

Susceptibili ties of components Hi thin the seven divisions are summarized in

Tabl~ 18.

_Division 1 (71,887 ha) lies north of the Laurentian Di vide in the area

surrounding Birch Lake and the Ka\·7ishiwi River. Over 50 percent of all pine­

lands in the Study Area lie wi thin this division, despi te the fac t that the

dominant vegetation type is aspen-birch ('rable 14). The coarse-loamy to loaniy

soils are generally shallmv wi th nearly t\vo-,thirds in the Mesaba-Barto

Association ..

Division 2 (26,721 ha) includes the Stony River ~7atersned in -the east-central

part of the Study Area. Spruce-fir (44%) and aspen-birch (28%) dominate the

vegetation (Table 11.), and account for about equal proportions of the Study Area

total for these types. Although the percentage of pine within the divisIon is

second only to that of Division!, the total acreage is much smaller thrln in

zone 7, so thnt only 8 percent of "all ptnelands in the Study Area lie within

the division. Soils are predominantly undulating to steep and sandy, but onc-
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third of the nl"1?3 lies on org<lrdc soiL'":> in the ~c.ven Be~ver-"~;)nd Lake Oul:\y;lr;h

Province.

Di~i8:l<2!.:.._} (20,080 tw.) includes nearly 40 percent non'-forestcd area with 31 p(~r-

cent of the surface covered by mine land. Portions of the Dunka and Partrid:ge

River watersheds are included in the division because it straddles the

Laurentian Divide. Aspen-birch (30%) and spruce-'fir (20%) dominate the uplands

and lowlands, respectively. Soils of the area are diverse and include undu-

lating coars~-loamy soils, steep sandy soils and organic soils~

Division If (52,809 ha) contains much of the Partridge River watershed and is

dominated by aspen-'birch (30%)(Table 14) and spruce-fir (29%).. The divis::on

I

contains the highest proportion of Newfound soils, characteristic of the Toimi

Drtffillin Field and nearly one-fourth organic soils underlying spruce-fir ,and

"unProductive" wetlands between drumlins.

Dtvision 5 (lIS,823 ha) extends from Green\vood and Seven Beaver lakes on the east

through the '\vatershed of the St. Louis River on the west. Because of the exten~

sive wetlands on the east, the area is dominated by spruce-fir (47inCTable 14)

and organic soils. Uplands are dominated by aspen-birch (37%).

Division 6 (202,768 ha),i8 the largest division and accounts for the highest

proportion of most cover types (Table 14)8 It lies in ~he southwestern part of

the area drained by ,the Pike, Sandy, Lower St. Louis, Little Fork, and parts of

the Partridge and Embarrass rivers. The zone has disproportionately high

acreages of elm-ash-cottomvood (Figure 5, Table 14), unproductive, and non-

f9rested lands. Ninety-eight percent of all elm-ash-cottom-mod communities, in

the Study Area are concentrated along the Lower St. Louis River as it traverses

the hed of Glacial Lake Upham. Acid, organic soils are common in lowland areas

with undulnting-sandy to cORrse-loamy soils in the uplands.
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.QJviP,.i0.~~?_ (129,O~9 ha) covers most of Lh(~ llorLhwestern quaTter of the Study

Area and includes the Northern, 1\<70 River, Boor Islond, aud ShagcHv8 '\\Tatershcds

(Figure 13b). The division is dominated by upland forests, especially aspen­

bire-h. As is the case in the other most northerly divis5.on (1), pinelands are

important in division 7, \,rhich contains 2S percent of all pinelands in the Study

Area. Because extensive stands dominated by maple, birch, and basswood are

rare, the HU,nS inventory indicates that 72 percent of all northern hard\oJoods

stands lie,;Vli thin division 7. It should be noted, hO\'lever, that the component

species c3;nd small stands of this forest type are normally found on the shores of

large lakes in divis5.on 7 and in tIle south\Vestern part of the Study Area. Two­

thirds of division 7 is underlain by undulating to hilly, shallmv coarse-loamy

soils.

1,1 5



2. 7 PHILOSOPI1Y OF /\PPHOACH TO UIPi\CT 1\~;SESSl'lENT

To this poi-nt, emph.1sis lwr-: been placed upon dCDcribinr; in detail the components

of terrestrial ecosyt--;tems of the Study Are:J. In this seetion potential stresses

are reviewed and impac ts to. these ecosystems are pred ic ted on the basi s of

various stress response. studies.. Studies that have been conducted take the form

of either literature reviews or experiments conducted by the Study. Only an

over\lieYl of these studtes :f.s possible in this report, and for more information

the reader is directed to the more comprehensive first level reports listed in

the bibliography.

Ecosystems never exist in the total absence of factors that disrupt their stl.:"UC-

ture or func tion. For the purposes of this discussion, an impac t is an abnonnal

disruption of struc.ture and/or func.tioning of the ecosystem \.;rhich can be
~

measured not only in the laboratory but in the field.. Factors that alter eco-

systems may be either short-term and catastrophic (e.g. fire, windstorms,

floods, and major construction or mining projects), or longer lasting and more

subtle in their effects (e.g. diseases of non-epidemic proportions or air pollu-

tants at low concentrations). Many of these factors occur naturally. Fires and

other climate-related disturbances have affec.ted organisms since life began~ As

a result, ecosystems and their COlilponents have evolved strategies for coping

with disturbance. As exccilp1es, jack pine trees have serotinous cones -that apen

after fires, roots of aspen trees sprout vigorously after the destruction of

aerial stems by fire or \"ind storm, and many species have evolved an ability to

grow in areas where soil oxygen is low because of periodic flooding. Sind.lnrly,

deer and ruffed grouse are dependent on the disturbances that create young suc-

cessional forests dominated by aspen and birch.
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Ex f"11 np1e S 0 fad t"1 pta t 10 n iJ r e ('v e n [ 0 unr1 innrca S S 1\ h j ec ted to. ell 'C 0 n:i c po 1 J. u ti 0 11 •

In England, moths have becn observed to adapt their body color in response to

ai r poIlu tion- rel a ted changes in 1 i c hen flo ra 01) bcll'k. Thi s mel ani s t ie rc s ponse

has been studied by Kcttlc\vell (1956) and Bishop and lItlrper (1970) and repre-:-

sents a classic example of species odartatjon~ An example of adaptation to

naturally occurring air pollution has been reported by Hutchinson and Havas

(1977) ,,,110 describe the ecosystems of Smokey Hills, N.\oJ.,T., Canada. Sulfur-

laden fumigations from burning lignite deposits have persisted for at least 1000

years and have caused terrestrial and aquatic ecosyste~s of the surrounding

tundra to become strongly acidified. Although the ecosystems are greatly

simplified, especially with respect to species diversity, a biota l1as developed

that is tolerant of the extremely harsh conditions.

The speed with \<7111ch the industrial activities of man dominate the environment

~ .
of an area rarely allows sufficient time for adaptation of ecosystem8~ however,

and it is the consequences of the resultant ecosystem destruct:ion that are the

subj ec t of this sec tion of the report. Specifically, the Study is concerned,

with the various stresses placed upon terrestrial ecosystems by copper-nicke~

mining 'development. Stresses that have been identified as being important

include land appropriatiori, noise, seepage of p~lluted water from stockpiles and

tailing basins, and air pollution. Some of these stresses (e.g. land

-appropriation and noise) already exist in the Study Area as a result of taconite

mining. Other ~tres8es are unique to' copper-nickel mining and either are not

present in the area or OCCllr only to a limi ted extent" For example, the study

of potential seepage problems \-laS lind ted to the examination of a single '-7111 te

cedar bog near a small stockpile of copper-nickel~bearing ore at Erie [-lining's

Dunka Pit near Babbitt.
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It. would have he en impossible to conduct sl:ress-re~:ponsl~ stuc1ic::) for all tljf~~

ccosys'tefn COmpOD(',nts that \17C'1~e studj(-;d, so this impact analysis 1'('l1.e8 ht"3\dly

upon the assumption that ecosystem components interact cmd are interdependent.

This is especIally true for animals. Therefore, it HCJS aSf3Umed that the Impc:cts

of mining development on most animals would occur as a result of habitat altera-

tions rather than in the form of direct, pollution-related stresses. Certainly

the ~ioaccumulation of heavy metals by top carnivores is a, potential problem,

but accumulation in the food chain begins ,,,ith plants, and top carnivores may

not remain in the altered habitats long enough for the effects of bioac-

cumulation to be observed. Similarly, noise is more li.ke1y to affect animals

than plants, but alterations in the structure of the vegetation (as a result of,

land appropriation or air pollution) may change the noise levels perceived by

animals.

Because of the dependence of animals on plant communities, initially enphasis is

placed on the importance of potential stresses on vegetation. If develop8ent-

related ~hanges in vegetation can be demonstrated, assessment of effects on

'vildlife then becomes a matter of interpreting the effects of habitat alteration

on animal species or groups of species.

In the evaluation of development-related stresses, the' concept of reversibility

is an important ·consideration. Given that change is a normal facet of all eeo-

systems, alterations caused by man's activities can not be necessarily assumed

to be detrimental. The compatibility of sound forest management practices and

wildlife management has been clearly demonstrated in recent years. Because many

ecosystems are adapted to intermittent natural disturbances) such as fire, they

possess nn ability to recover. The speed Hith which ,succession progresses after

deforestntion varies wi th the type of communi ty and the nature of the distur-
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bance. TherC'fore) i.t is the \1l:Lntng-relatr:~d Clcli.vitie~., that dr<-lstlcally and

permanently [llter ecosystems to sOine less pr~)dttctive state' that are of greatest

concern. Some st'resses (e.g. air pollution) mny qe avoidable to begin \\"1. th ..

Other activities \vhich are essential to the mining process (e~g. the construc-

tion of waste stockpiles or tailing basins), require consideration of potential

mitigating factors.

\Vith respect to natural ecosystems, miti.gating processes may tCike the form of

stress prcven tion or of rec.lamation~ Construe tion of baffles to reduce noise

levels from ventilating fans and c.hoice of smelter sites to avoid accidental

fumigation of sensi tive spec.ies or soils are examples of preventative measures ..

For example, within the Study Area~ most vegetation types are susceptible to

damage from S02 fumigation, but those species most able to reproduce vegetati-

vely~ have a greater capacity to recover from ,single or occasional incidents

than those dependent on regeneration from seed. Smelter sites immediately

adj acent to aspen communi ties would thus have less long-term irnpac t than ivould

-such sites adjacent to pines. In addition to the susceptibility inherent in the

species, there are differences in susceptibility depending on topographic posi-

tion. Plants on hills are more subject to fumigation under normal climatic con-

ditions than those of flatlands, which are only vulnerable under conditions of

inversion, (Volume 3-Chapter 3).

The differential susceptibilities of species, discussed in section 2.9.1.2, were

taken into account \.;then the effects of air pollution vlere simulated by the

Regional Study's forest succession model. Pines were considered more suscep--

tible th2tl aspen and birch because of the regenerative capacities of the latter.

It Has assumed that repeated fumigations ,..,ould result- in reduction of this rege-

nerative capacity and replacement of forest communities by less sensitive spe-
, '
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cieso For the purpo~:;es of this modeling, it: \-Ins assumed that air pollution

levels would be great enough to cause physIological (Class III damage-sec sec-

tion 2.9.1) rather than mer~ly subtle damage (Cln~s II). Air pollution levels

great enough to cause C1 ass II I d an18gc, simil ar to those found at Sudbury,

Ontario, are not expected in the Study Area based on the models presented in

Volurn(~ 3--Chapter 3; therefore, this "polluted" forest succession model should be

used to consider the trends of change that might occur rather than the extent of

change. ,Figure 46 illustrates a trend to\vard early successional stages, .!.~ese

must be regarded 8S an _exageratec1 case of po.!~nti.~l c.hanges, due to the Horst

case nature of the modeling assumptions (see Sloss 1978 and section 2.3.3.1 for

further details of modeling assumptions).

Figure 46

Actual change will be less than \,,That is predicted by this modeling, ho,tlcver,

because of limitations in current knowledge, it is not possible to predict the

affioQnt of change that would occur but it must be interpolated from known con-

ditions.

Reclamation includes all potential afteruses of minelands, including industrial,

reside'ntial, or recreational uses as ,veIl as the re-establishment of natural

communities. Reforestation may be accomplished on most types of minelands

within reasonahle periods of time after cessation of mining operations.' For

example, taconite tailings basins in northeastern Hinnesota have been revege-

•tated \\lithin 5 to 30 yeArs. Among trees that have proved successful on tClilings

are p"'lper birch, Russian olive) European 18rch) jack pine, red pine, mountain

ash, v/hite cedar, and a variet.y of poplars including the three species twtive to

the Stuny Areft.
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1n areas where minQ \vostes ore especially 11'jgh in sulfates or hl'avy metals, sc,:'

techniques of soil wneliorati.on ineludc topsoiljng, liming, and Bpplication 0::

orgnnic matter. Hhere these technjques hove been used, all but the most

inhospitable minelands (such as open pits themselves) have proved reclaioable.

Restoration, "7hich reconsti tutes the entire original ecosystem including its

soiis, groundHater, plant and animal species, and nutrient path\\Tays, is c. r:;ore

difficult goal. The ease with \.,hich it can' be approximated depends, in part, on

the type of community to be restored •

. Communities \>7h1ch recover easily from natural disturbances, such as fire and

wind damage, do so because of several attributes. The constitue~t species may

be resistant to the disturbance, or may possess organs that are protected fro~

the disturbance and have a great capacity for vegetative reproduction, or they

may be obli terated from the disturbed area but be particularly adapted to rein­

vade it. Aspen possesses both the ability to regenerate vegetatively and a tre­

mendous capacity to invade (by seed) new areas. Under the conditions present in

areas to be reclaimed, it is the ability to invade, rather than its regenerative

capacity, that gives aspen the advantage over other species. Once it is

established, its growth rate is rapid. It therefore appears that the as;n:n­

birch communi ty would probably be the easiest natural communi ty to restore on

reclaimed lands. On the basis of assumptions (see section 2.3.3.1) used for the

Regional Study's forest succession model, restoration of aspen-birch to mature

self-sustaining communities can reasonably be expec ted ,;.,-1 thin LIO to 50 years

after cessation of mining.

It is likely that restoration of forest floor species "li11 lag behind that of

the cnIlOpy because under natural cohdiUons of disturbance the roots of these
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plants reInc1in undisturbed, \dlCreas they woulcl be destroyed by a mining develop-

ment. Many native forest floor plants flower and fruit most abundantly under

the high light conditions that result from natural disturbance. Therefore, the

invasion of these species m,ay be expedi ted by canopy clearance Hi tllout distur-

bance to the forest floor in areas immediately adjacent to reclamation arC3S.

These areas Vlould thereby serve as seed sources for si tes being reclaimed, other

special efforts to restore the forest floor, species in addition to the canopy

species may be necessary.

Restoration of communities dominated by shade-tolerant species (generally

recognized as more "mature" stages of succession) c.an be expec ted to requi re the

full leng th of time involved in the succe.ssional process. Thus, decid uous

forests rich in maple or mixed upland conifer forests with their associated
~

groundcover may be expected to require on the order of 80 to 100 years before

restoration.
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2. 8 'H·IP/\CTS OF LAND AIJPROP1ZT I\TION

2.8.1 General Discl1ssJon of Stress

The stresses associated with mining dcvelorment C311 be classified as citb~.r:.

1) The direct, deliberate, and, to some extent, unavoidable destruction of

habitats; or,

2) Indirect and, to a greater extent, avoidable damage caused by noise and

toxic pollutants.

The first of these categories is treated in this sec tion, ,,,hereas the second is

discussed in Sections 2.9, la, and 11. Of the various impacts that are of wost

concern, those resulting from direct land appropriation are the most obvious a~d

straightforward ,dth regard to effects. Although direct losses are largely u::a-
!
"

voidable, impacts can be minimized by careful planning.. Emphasis in this sec-

tion is given to considerations that are important to terrestrial ecosystems.

·Open pit mines permanently remove land from timber production, but proper

planning can delay losses. If pit expansion is planned so that mature forests

are affected, timber can be harvested prior to excavation activities. Poor

planning may require the destruction of trees before they reach marketable size ..

Areas that will.be reclaimed can be returned to productive forest land, and if

harve~ts precede construction, losses will reflect only the duration of the

mining operation and the period of time required to establish young stands on

the area. Small ~laste rock piles may be available for reclamation tn a feH

years, Hhereas mill site locations could not be reclaimed until mining opera-

tiqp,s cease" Young stands could become established most quickly on completed
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related to land loss that involve reduced tim~er productivity are discussed in

further de tall in Volume 5-~Ch3pter 6.

Lands appropriated for mining activity may be: 1) permanently lost; 2)

reclaimable; or 3) undisturbed but removed from multiple use.

The most obvious 'example of land that is permanently lost vlith respect to its

capacity for supporting ,terrestrial ecosystems is the site of an open pit mine.

Once an 'excavation is begun) there is little likelihood that the landscape Hill

be restored to its former contours. Al though abandoned mines may serve as

reservoirs or lakes (as has been done with some iron mines in Minnesota)) they

represent land lost from the terrestrial ecosys tern. The filling of large open

pi ts \vi th "laste rock or overburden is nei ther economically feasible nor prac­

tical from a land use standpoint.

Based on development models presented in Volume 2--Chapter 5 of this report, it

is estimated that approximately 5 to 7 percent of the land (representing the

open pi t mine) will be permanently lost. Such losses for an underground opera­

tion would be minimal because little or no ground subsidence is expected. The

remaining ·land required for a mining, milling, and smelting operation \vould be

potentially reclaim2ble (see Volume 2-Chapter 2). Waste rock piles would cover

about 20 percent of reclaimable lands and Hould probably be the least amenable

to revegetation because of their adverse physical and chemical conditions.

Doml and Stocks (1977) cite three factors that influence the .impact of a mining

operation. These are: 1) size of the operation; 2) geographic and locational

factors; and 3) T:1cthod of mining. The model 20 X 10 6 mtpy open pit mi~1e (see

Voiume 2-C1Hlpter 5) with a mill and smelter \vould require Lf,146 ha of land,
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\'7hercns nn 12.35 X ]0 6 rntpy underground mine· \wuld require 2;305 ha (TClble ] 9).

These models, developed by the Rcgioncd Study, nrc based on the as[)umption thtlt

ore) lec1ll ore, Clnd wRste rock cannot he transported economically beyond three

miles and that the lenp,th of a tailings pipeline between the. fniI1 and the basIn

\·}Ould not exceed one mIle. These ar:sumptions Lindt direct land use to the six­

mile \·J1.de copper-nic.kel development zones (Figure 37).

Table 19

The geographic location of a proposed mining operatfon wi thin thi s bel t could

affect its impacts on the terrestrial ecosystem. As can be seen from Tabl~ 15,

habitats are not evenly distributed throughout the seven zones. As is generally

the case for conifers in the Study Area as a whole) nearly 60 percent of all

jack pine in the development zones is concentrated in the north (zones 1 and 2).

,But counter to the trend f~r the Study Area as a ~lole (Table 14), red pine in

the development zones is differentially concentrated in zone 5. An operation

within this zone could thlis have a significant impact on the total red pine

resources of all the zones.

Hethod of operation' significantly affects the amount of land required for

mining (Table 19). The 20 X 10 6 mtpy open pit operation discussed above v70uld

produce 5 X 10 6 mtpy ore less 'than two 12.35 X 10 6 mtpy' underground mines

(each \.".i th a mill and smel ter) but would require 220 ha more land because of the

greater production of waste rock. Similarly, two 11.33 X 10 6 mtpy open pit

operations \.n th no mill would produce more are than the 20 X 10 6 ffitpy open pi t

operation but '''QuId requi re only 7" 5 square miles (1,927 ha) because tailing s

are assumed to be produced elscHhere (although probably still in one of the

development zones). Eventual proposals for mining in the Study Area may comhinp
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one or morc of the nbove operations nnd the amount of lond lost to mini.ng op{;ra­

tions should be -a fDctor In choo::.dng the ml.xturc of mintnr. methods.

Najar impac ts of dj r0C t land use are likely to Dffec t various parts of th'2 Stu(!y

Area differentially, depending on the properties of the soils, habitat types)

and patterns of current land use., Regardless of where development occurs, cer-'

tain impacts can be expected to affect certain ecosystem components more than

others) as is illustrated in Tables 11, 12, and 13. The probability that

impacts vlill occur within given zones (Table 20) depends on siting.

Probabilities presented in Table 20 are based on models developed by the

Regional Study and m~y change if development patterns differ from those pro­

jected by the models.

Table 20

Hin=~ng ae tivi ties vlere assumed to be most likely in those areas Hhere the

mineral res'ource is greatest. FolIo-wing this assumption, projected residential

settlement patterns to accompany mining development in zones 1-5 Here used to

assess the probability of increased human populations (see Volume 5-Chapter 7

for projected sittlement patterns). Populations are likely to concentrate in

divisions 1, 7A, and 6B ·(see Figure 45) according to these assumptions. Smelter

siting was assumed to follO'.<7 the constraints discussed in section 2.9.2 and pre­

sented in detail in Volume 3-Chapter 3. It was therefore assumed that a smelter

could be loeted anywhere throughout or outside of the Study Area except in divi­

sions 1 and 7A (because of (,1. ass 'I air standards). Because visible effects of

air pollution on vegetati.on are only expected to oecur during brcakdmvn con-
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ditlons [mel ncnr a smelter) there is a po~,r;jbiljty that ~)l\ch c{;Jltlrtge c.ould occllr

\vithin <:my of the other c11vlsion~:; in the evenl thHt a slneJ.te~r is located w?arll~{.

2.8.2.1 Zone l--Zone (Figure 38) has the mineral potenti<Jl for development of

either underground or open pit mines (see Volurc1C: 3~Chapter 2) and such opC'r8-

tions could reasonably be expected to be related to those in zone 2. Both zones

lie on the eRst ~ide of the Birch Lake-KaVlishi\'li River system and share common

properties of the soil, vegetation, and animal co~nunities.

Direct land use impacts of open pit and underground mines are complicated in

zone 1 by the fact that 2,090 ha of the zone lie In the RHeA and an additional

2,372 ha drain directly into it. The remaining a:tea includes 306 ha of \,mter, "

with a shoreline area of 590 ha protected by the Shipstefl0-Ne\<7ton-··Nolan Act ..

Land ae tually available for mintng is thu.s red llced to a maximum of 3, 980 ha s

"including lands that drain directly into the rnJCA but are not part of it. This

area '.omuld barely accommodate a 20 million metric ton open pi t mine (2, 963 ha of

direct area). A 16.68 mtpy combination open pit/underground mine or 12.35 mtpy

underground mine '·]Quld reduce the operational area to 2,357 ha or 1, 45ft ha,

respectively, with no allowanc~ for undisturbed forest between various portions

of the opera~ion.

This zone is a mosaic of upland deciduous communities, conifer uplands, and

lowlands. The deciduous communities contain a high proportion of conifers.

Although the zone is dominated "by aspen-birch communities (50%), it contains

one-third of all the jack pine in the development zones (Table 15). Despite

their limfted ~xtent, the most uncommon plant communities are the upland mixed

black spruce~jack pine and floodplain black ash communities, both near their

range limits", The steep slopes and rocky n<'1ture of the black spruee-jack pine
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community provide possihle mic.rollnll'itats [or r[lre ferns and.lI10ssos. In gcncr.~;l,

the c()nifcr uplands :ire important <1S habl tnt for rmi.mals of Iwtiol1<11 and E~t3tr.'­

wide interest inc.luding marten und fisher whose' distributions are confinrd to

the northeastern part of the state. Seven wolf packs with 32' to 63 individuals

have territories overlapping zone 1 (Figure 32).

The mosaic nature of the vegetation in zone I.makes it unlilcely that any mining

operation can avoid direct use of several habitat types. Because of the s.nall

area of \\Tetlands (593 h8), their discontinuous nature, and their proximity to

Filson Creek, and Omaday, Bogberry and Nickel La1~e8 they \\iould probably be

unsuitable for tailing disposal. Pine communities in the zone are mainly asso­

ciated with bedrock ridges. It therefore oppears that most direct land use

associated wi th ei ther an underground or open pi t mine will impac't most heavily

on the 3527 ha of upland aspen-birch' Hhich is more continuous (Figure 33) and is

developed on 80ils more amenable to earthIl1oving. -Recause of the Kmvishi1:.;f River

on the \vest $ the BHeA on the east, and the chain of lakes and Fi1 son Creek in

the heart of the zone, it appears likely that some direct land use fro~ mining

would extend south or southeastward of this zone.

Reclamation in zone 1 is likely to be mote difficul t than in the other zones,

partly because of the predominent topographic influence of bedrock features but

particularly bec'ause of the shallm·mess of the soils.. Cnlculations based on the

Study's 20 X 10 6 mtpy open pit mine model indicate that 1.69 X 10 6 cub~c

meters of overburden would be required to topsoil stockpiles to a depth of 20 em

and that 2.46 X 10 6 cubic meters vlOuld be requtred to topsoil the tailing

basin to a depth o~ 15 em (Volume 2-Chapter 2). Average depth of overburden

removed during all (open pit) mi.ning processes must be 40 em in order to obtain

sufficient overburden for reclamation vJi thout mining and transporting overburden
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from ilnothcr [lrl23 spectfieolly for thJs purpose. Although averLlp,c depth to

bedrock is not kno\'ln throughout the zone" depths of less Uwn half a meler hsve

been encountered in the Filson Creek area.

Addition of soil and fertiliier during reclamation would probably convert the

'area eventually from a scenic and rocky conifer area to aspen-birch uplands

similar to those in zone 5.

2.8.2.2 Zone 2--Vegetation in zone 2 is mainly dominated by deciduous stands

with a hig~ proport~on of conifers (Figure 39). Known mineral resources suggest

underground mining as th~ most likely technology for removal of copper-nickel

resoul~ces in this zone (Volume 3-Chapter 2).. Shoreline's of navigable streams

from T61 northward in the Superior National Forest arc protected from logging by

the Shipstead-Ne'vton-Nolan Act. If this protection is interpreted to include

direc t land use by mining, roughly one-tenth of the zone is pro tec ted from

direct impacts. The effect of this protection on terrestrial ecosystems is the

Rreservation of habitat for riverine furbearers such as otters and mink. Forest,

Service, Administrative policy currently protec ts the Keeley Creek Research

Natural Area (1 square mile, S]L~, T61N, RIl\\') and the South Kmvishi\lli Special

Management Area (campground and research facilit'ies) from commercial use, but

these areas are not restricted by legislative mandate (see Volume 5-Chapter 10

for further details). Together with Hater, these arens remove an additional

1,726 ha from potential mining availability. The 25,1+82 ha of the zone

remaining after all the above exc1usions provide adequate area for siting of 3'

2~036 ha underground mine operation. Zone 2 contains the largest concentration

of identified copper-nickel resources (53%), compared to all other zones. If

the entire 1. 6 X 10 9 metric: tons of underground resources (Volume 3-Chapter 2)

v.7crt~ event~lHlly explo-I ted, npproximately 5,150 ha of land \\10uld be covered by
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mine and mill \'f:JStc~ (21 m c1cQp) usIng the mo(1els prcsent(~(l lri Volume 2-Clwpter

5. This would cover 42 percent of Zone 2.

Areas near the present INCa test 81 to. 2nd west of ,the Keeley Creek Natural Area

are dominated by decadent aspen-birch I'lith fir understories which exhihit SYW;F"

toms of budwonn damage. The only inherent wildlife value lies in their use as

a vlintering area by deer that are under especi.ally high stress from \'101f preda­

tion. Development of mines vIi thin the 3 km buffer between, wol f packs could

completely de.stroy this buffer zone" It is likely thot the area vrould not be

reoccupied by deer after cessation of mining because once deer establish tradi­

tional use pa tterns they conti nue to use them even \'lhen new habi tat becoilles

ava113b1o..

Like zone I, zone 2 contains a high proportion of communities that are important

.on a national or statewide scale because of their ~ssociated populations of

YlOlves, eagles, osprey, marten and fisher. The zone accounts for 28~s of all

jack pine and 34% of all spruce-fir within the development zones. Mixed black

spr~ce-j~ck pine stands are not as well-developed south of zone 2 as they are

within the ·zone. These communities are closely associate.d \vith topographic pat­

terns and occur in narrow bel ts along east and \'lest-facing slopes between pine

uplands and conifer lowlands. The habitat has the po~ential of providing

appropria~e conditions for rare ferns and mosses because of its rocky, steep

topography.

From an economic point of view the mature conifer uplarids of the zone are an

important asset. Natural stands are presently being harvested, but plantations

along HighHay 1 ge'nerally range from 20 to 40 years of age and may not have

reached recommended rotation age if the onset of mining occurs within 30 to 50

years ..
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Acreage of aspen-birch (5858 11<1) and mh:ed b)·rtifcr···d(l(:id\\Oll~1 (858 lw) com--

muniti,es is sufficient in itself to accomrnQdt:lteall direct land uses assoc.inted

with a 12.35 X 10 6 mtpy unc1t~rgrol1nd mine (T<lblc 15 ond 19). 'These communi.tics

are fairly continuous in distribution (FignrE.' 39) Hnd lie n('<11" knovln <3reAS of

mineral iza tionA

Reclamation in zone 2 is likely to be affec. ted by some of the problems encoun-

tered in zone 1. Shallow soils and bedrock outcrops aYe cornQon in zone 2, but

depth of overburden is unknoHn at tId s tim/.::;. The di stl:ibution of natur a1 com-

muni ties at the time, of the General Land Office Surveysuggc.sts that soils

surrounding Birch Lake are somewhat deeper than those in the eastern part _.of the

zone. Aside from the possible limitation of available ovcrburuen, major recla-

mation considerations in zone 2, as in ~orie 1, are likely to center around the

prevention of seepage into natural water-s that drain into the BvlCA.

2.8.2.3 Zone 3--The area of zone 3 is small (8, 08/f ha) vJi th approxirnately 1,043

ha in land uses directly associated \'lith taconite mining. The belt of copper-

nickel mineralization lies wi thin or immed iately adj acent to taconi te opera- ,

tions. The amount of knO\VI1 copper-nickel mineralizatlon is such that if mining

does occur, developMent of satellite mines in zone 3 with mill and smelter sites

elsewhere is the most likely situation, 'unless more resources are discovered in. .

this area. In this instance, 6pen pits could be expected to be located on lands

dominated by aspen-birch forests, (Figure 40) but acreage of deciduous uplands

(2942 ha) is not sufficient to accommodate all associated land uses if milling.

does occur wi thin the zone (Tables 15 and 19).. Because of the high hyc1rolic

conductivity of the outwash soils and their 10\'7 cation ~{change capacity it is

unlikely that the Dunka outwash pIa'in \.;i11 .be used for 121 ther tail ing or \<IHste

rock disposal, unless economic factors alone prevail. Al thour;h a tailings b3sin
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could be se.J.lcc1 by the use of fi.ne sl.Jmcs t Hater losses from a basin overlying

ollt1,oJilsh \'lOuld still c:rcote a E]CVere deficit in the: vwtcr budget.

-The 1,862 h3 of Dunka out\\1C1Sh ClCc.ounts for most 'of the are.a ()f black spruce,

tamRrack., and l1sh in the zone. Al. though the mixed conifer bog north of USFS

road 42 11 in the DunIca Out"1ash Plain \\'as the sale location at II/hleh the sOllth',"n

bog lemming was captured during both the 1976 and 1977 field seasons, factors

contributing to the presence of this species have not been determined. If there

is i.ndustrial developme.nt of the lJunka Out"\vash Hetlands it \vould be well to con-

duct a complete faunistic and floristic survey to determine \'lhether any species

restricted to former glacial Jake beds are present. If so, the disjunct distri­

bution of such populations may merit special concern because of their likelihood

of. being genetic variants.

Alth9ugh cedar accounts for only 1 percent of the area in zone 3, this figure

represents nearly a fourth of all cedar in the development zones. Cedar stands

are distributed both in the Dunka wetland al1d along the drainage of Unnamed

Creek v7hich empties into Bob Bay. Although these cedar stands have proven to be

a haven for rare or unusual lichens and ferns, they are likely to be

increasi.ngly disturbed or destroyed by road building or expansions of the taco­

nite industry.

ff a Ilf2 mile exclusion zone is placed around the taconi te bel t and the Dunka

outwash plain is not considered for mineland uses, siting of waste rock and lean

ore piles could reasonably be expec ted on the mature upland s betv,1een USPS road

424 and Birch Lake or on recently harvested uplands south and \Vest of the Stony

Ri~er. Although red pine in zone 3 accounts for nearly half of all red pine in

the development zones much of this pine is at or near maturity and is presently
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be i ng hnr v 0 S ted • A m0 r c E~ 0 r lou s tim bc r los ~) \.]0 U 1d bethe 1, 77 3 h a 0 f: c 1. e 0. r e 11 t

and young pl<Jntation \dli~h represents one-ft fth of all forests in the develop-

mel1t zones expected to reac.h rotation 3(?,C in the first half of ·the next eenturyo

Gj.ven the physiography of the zone it is likely thnt these lands will be

directly used by the mining indllstry and that such use 1;<1i11 extend eastward

beyond the boundaries of the zone.

Aside from mi ti.gation procedures that may be required in advance if the Dunka

O~twash Plain is used for mining purposes, reclamation in zone 3 is influenced

I

·by factors similar to those in zones 1 and 2.

AVerag~ depth-to-bedrock in zone 3 is influenced by the great depth of the out'-

wash body.. HOviever, these coarse outwash soils 1;n th 10Yl ca~ion exchange capa-

city are unBlli table for topsoiling tailing basins and waste rock piles. Average

depth of overburden on the uplands north of the outwash plain is similar to that

in zone 2. Sufficien.t upland overburden should be available for topdressing of

waste materials. If such overburden is not available it could possibly be

obtained readily from the nearby taconi te industry, unless future state reclama-

tion regulations require the use' of these materials for taconite minelands recla-

mation. If the outwash plain is used for tailing or waste rock disposal

reclmnation could never be expec ted to return the area to its ~<1eakly

minerotrophic wetland communities because of changes in hydrology and nutrient

status. The area occupied by wetlands might ultimately become revegetated with

upland brush or aspen-birch communities.

~ne_~-·-·7.one 4 is highly influenced by taconi te mining" The nature of

mineralization in '~le zone 1s such that both underground and open pit mines are

possibilities.. Portions of the available area are underlai.n by outwash aSGO-
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cio.ted \d.th (;1-;-1C1;]1 Ldkc~ DunkCJ.• Tho. CO.1CJC' OUl\·}.:u::h mntcria18 <.ll'C pilrtlcuLlr] y

permC' ilb1C ,111 c1 pre ~; (' nthy cJ r 0 log i c c1 j f f 1c u1 t t t! S Jn i S I) 1 a ting po t (' n t i A 1. 1e t\c h." t <'-' s

from the ground\vilter. For these rea~ions) areas underlain by out\vnsh may also be

excluded from direct lemd US(~ associated \vith copp8r'-nickel mining. If areas

underlain by out\\.'ilsh are avoided) availDble <1C'.reage v!itlJi.n zone 4 \'lould be

reduced to 3)256 ha i.n the eastern one~third of the zone (see Fi.gure LJl).

Uplands in this area are dominated by aspen stands which aTe often of open awi

mixed composJ tion resul tjng from incomplete harvest and reforestCltion in the

1930s and 1940s. The patchiness of these habitats encourages high densities of

songbirds~ Despite the abundance of upland shrubs~ deer densities are generally

. low" Loss of upland habitat "\vithin the zone Hould probably not affect wildlife

significantly because large areas of similar habitat are available throughout

northern Hinnesota, and no species of national or statewide interest are con­

centrated in the zone.

Wetlands in the zone lie mainly wi thin the Dunka Outwash plain•. Should mining

proceed on this plain. the loss of these wetlands w'ould mean loss of roughly 15/~

of 8,,11 habitat for the wetland conifer songbird association "\vithin the develop­

ment zones. The high proportion of the development zone's mixed conifer­

deciduous communities (30%) contained in zone 4, reflects the incomplete

reforestation of uplands in this zone following logging in the 1940s. Many of

the mixed ·stands· are conifer plantations that "\vere not released from deciduous

competition. Although these patchy communities support a high diversity of bird

species, these species are not without other (in some cases more suitable) pre­

ferred habitats.

Roughly one-fifth of zone 4 has been recently harvested or clearcut, accountin~

for 19% of all such lands i.n the development zones. Approximately half these
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.lands c'3r(~ 10c.:Jted in nrcns avcd.lEJbl(~ [or COPP?r-'nlcke1. mining D.ft~'r £Ill po[.;~dbl(~

exclusions. Direc.t use of recently plant.ed lands could not be avo1.dcd jf a

,20 X 10 6 mtpy mine \'lCre developed outside the c~;~"c.lusion areas bcc.:JUGC such a

mine would re.qu1,re all remaining acreage in the zone. In the event. that no

exclusions are made, portions of recently planted areas could be avoidec19 The

mature pine 'i'lithin the area are approaching harvest age and could be harvested

before the construction phase.

Reclamation in zone 4 should be as easy as anyHhere in the Study Area. The pre-

sent upland mixed conifer-deciduous communities should probably not be used as a

standard for reclamation ac tivi ties, because they are an example of some of the

most 'poorly managed cutover forests in the area. On the other hand, Y7etlands in

the upper reaches of the Dunka and Partridge rivers. are examples 'of some of the

best restocking of harvested spruce bogs.
~

"Depth of 'overburden in zone 4 should be sufficient for topsoiling of tailine

basins and 1;vaste rock piles. Several soil associations are present in the zone

and overburden could be stockpiled separately to take advantage of soils with

higher cation exchange capacity for topsoiling materials rich in heavy metals ..

2.8.2.5 Zone 5--Zone 5 is a large zone (11,227 ha) with mineralization that

suggests the development of an underground mine. If a I 1h mile buffer zone is

alloVled outside the 1.11 timate taconite pi t limit, 6,674 ha \-lould be availBble to

a copper-nickel development \<1i thin the zone. Nearly one-fourth of this

remaining area is young plantation and clearcut, with almost another quarter in

wetlands (Figure [12). A 932 ha tailing basin could not be accommodated entirely

within a single wetlBnd outside the taconite buffer area, some upland conifer,

de~iduous, or youfig plantation area would be involved. As is the case in zones
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4 and 6, loV/land conIfer communities <.lrc those of Id.e1tcst b~ologj.cal value

because they foster a unique Clvjan fAunA. The zone contaIns over tit-lice as milch

area of Hetland conIfer bogs as any other zone, ,with several bogs exceeding tlO

acres in area. It can be expected that the larger a conti.guous \-letl[Jnd the fnore

likely it is to hnrbor a unlque bird community.

Roughly one-tenth of the zone is comprised of clearcut and young plantation.

Abou t one-' hal f the)? 136 ha 0 f thi s hab ita t are conti nuous and could prob abl y

be avoided if mining ac tivi ties focus on the 3, 774 ha of eli scan tinuous aspen

uplands \vhich are probably the habitat of least biologica.l or economic value ..

Because of the prob,:1bili ty that tailing disposal would affee t several of the

conifer \vetlands in tributaries of. the Partridge River, reclamation of these

areas would probably result in the conversion of approximately 900 ha of'

wetl~mds to upland 'forest communities (either pine or aspen-birch). Soils of

the area are varied and overburden depth is more than sufficient to provide for

topdressing of both a tailing basin and waste rock piles.,

2.8.2.6 Zone 6--A 20 X 10 6 mtpy open pit mining operation vlOuld impact nearly

one-third of the area of zone 6. If all areas within 11/2 mile of the ultimate

taconite pit limit are excluded from availablity for 'copper nickel mining IO, 5~·O

acres would be removed, including roughly on~-sixth young conifer plan~ations

and t\'1o-thirds uplands aspen-birch communities (Figure 43). If the areD 'dthin

the taconite buffer is excluded it would be almost impossible to avoid direct

impact to all habitat types. In some cases, it i~ technically and economically

most feasible for a mining operation to utilize lowland areas for tailing dispo­

sal because less dike con~truction is necessary than in uplands. No single

Im.,land system in this ;,:one i.s large enough to accomodate aI, 620 ha tail in[~
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bcL'dn without contaln"ing the Partridge lUvcr \,li.l1d.ll the h.1sJn, a situation \·;:dc

;) mlni.n;; company would clearly seck to '1[lVOI(j. \.Ji th the i.ISSulllptions made h::'fC)

it appe<:lfs that inclusi.on of the Partridge River and its ClDsociatcd \'letlands

within the houndaries of an operation would be unn~oidable (Figure 43). These

wetlands include 17 percent of all spruce bogs in the development zones, 2nd are

the most inherently valuable hahi tat v.ri thin the zone because of their size and

their unique bird community. Almost two-thirds of the eastern 11/2 mile band is

comprised of recent clearcuts nnd young plantation that would not reach har-

vestable age until the end of the first quarter of the next century. Although

some direct impact on plantations in the central part of the area could hardly

be avoided, concentration of mining activities (other than the mine itself)

northwest of the Partridge River would protect the continuous plantations in

eastern mile and one-half of the zone.

Reclaillation ac.tivities \'lithin zone 6 could be· affec.ted by the proximity of the

zone to Hoyt Lakes and Aurora.. Development of recreational or industrial si tes

may be more likely in zone 6 than in any other zone. Reforestation efforts

could be complicated by the higher probability of injury from air pollution in

this zone but original establishment of vegetation should be easier than in

zone81-5 because of tIle predominance of soils \'li.th a higher cation exchange

capacity in this and zone 7.

2.8.2.7 Zone 7~-Open pit or underground mine direc t land appropriation in zon2

7 would entail approximately 22 percent of the area for a 20 X 10 6 rntpy open

pit mine or approximately 10 percent of the area for a 12.35 X 10 6 mtpy

underground mine.

Very limited information exists ~egardlng m{neral respurces in this zone. Based

on nvailab10 informatIon, no mining would occur Hithin the zone. Future
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e>~plor<ltlon .1ctivitie~} or inform:ttion 1.l112val1'rtble to th,~ strlte m[ly ide:nttfy

srgnif:icLlnt cJeposi ts; it is likely that clev(~lopment \tIill or-cur in other zones

before development occurs in zone·7.

Although upland areas In eLy 'be used for taIling disposal, such use requires the

construction of dikes9 Whereever possible, lowlands are preferred for tailing

disposal. Al though several small basins offer the advantage' of progressive

,fil1i118 and availability for reclamation, a single large basin offers the

advantage t?f requiring less pipeli.ne. Hithin zone 7, total area of \vetlanc1s

(1,165 ha) exceeds the acreage requirements for one tailing basin associated

with either an open pit or underground mining operation, but as Figure 44 indi­

cates) \-Jetland areas are generally interrupted.. The largest c.ontinuous vletlands

are c~onif0.r hogs ~~urrounding Hush Lake, north of the St.. Louis River and in.

sections 15~ ]6) 20 and 21 (T58N, RILI\,n south of the same river.. It appears

that a 1,620 ha tailing basin associated ~vith an open pit mine would necesscH-ily

impact both wetland and uplind habitats and that it would be difficult to avoid

both habitats if tailing material from an underground mine were contained in a

sIngle basin.

Mature conifer stands and recently harvested uplands are mainly concentrated in

the eastern and western strips of the zone. Hature stands originated after the

Palo--~'1arkhal1l-Aurora fire and range around 40 years of age. Over one-fourth of

all mature red pine in the development zones is included in this zone. These

pine stands are among the best-managed and most productive in the Study Area and

their prem[iture harvest \'lOuld be a significant timber loss.

Uplands in the central 3 mile band of the zone are dominc1ted by aspen-hi-reh

forests \vldch provIde. preferred habitat for deer, moose, ruffed grouse, and
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\-!00 d c () c k • 1n g(' II C r al 1 pOp \l J. at J () n s 0 f the f~ e s p (' c i e S [l r C' h:i g her in t 11 e To i lid.

Drumlfn Field (or Hhich zone 7 Js a p(1rt) tlwn clscwhe're in the development:

2ones. HOV7(~v!?r) centers of deer and moose populatIons appeo.f to lie outsiu(~ th(~

innermost 3 mile band of the zone vlhere mining ac tivi ti.es are likely to be con-

centratcd.

The shrub carrs of zone 7 are generally domina ted by alder and many represen t an

early stage in post-fire succession for this area D These wetlands generally lie

in parallel 10v71ands between drumlins and because of their small size many are

likely to, be e1 iminated as part of mining operations e Some may also be used as

tailing basins because ~f the desirability of using drumlins as part of the

tail,ing impoundment dams system" Loss of these communi ties could have a detri~

mental effect on woodcock and grouse populations in zone 7c Reclamation in this

zone is likely to change its topographic featur~~s more th2n its plant com­

~
munities. Pioneer forest.s similar to those in the area should be easy to rege-

nerate on soils with a high cation exchange capacity.
,/

In general, 'zones in the northern part of the area are dominated by communi ties

of more national importance that are more difficult to regenerate than those in

the south~ In addition, soils in the north are shallo\ll, more easily eroded, and

provide less overburden for topdressing during reclamation. Impacts of direct

land use and difficulties in reclamation are therefore anticipated to be

great~st in the north and least important in the south. This is summarized in

Table 17.

A policy of wise use of resources would suggest that more susceptible and less

common habitats should be avoided ~vherever feasible during the mine development

pl.Bnning process. On a purely "biological" basis, habitats and components are
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r[ll1k{~d accordinp, to their susc:cpti'bilJ tJC's (}nt1 comffionnpss in Ti\blcs Llel and 12.

Coniferous uplancis and rare hahitats) such as cedcJ1~)shollld 'be nvoic1c:~cl \\lhl.'nevcr

.possible because of their ecological importance" Hetlanc1s would be morc. di[-'

ficult to reclaim than deciduous uplands beCClL1Se of their unique: hydrological.

characteristics.. Disturbance of "easily" regenerated deciduous upland com"~

mllni ties would probably result in the least long-term ecological damage there-

fore whenever feasible these {lreaS should be utilized in order to avoid the more. .
sensitive and "import8.nt tl

habitats~ These broad guidelines may be useful in

initial planning stages but consideration of these factors must be made on a

site specific basi~. See sections 2.5.3, 2.5.4, and 2.6 of this volume of the

report for further discussion of susceptibility and distribution of communities

and their components.
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2. 9 l~IPACTS OF AIR POLLUTION

2.. 9. 1 G(> II era1 nj .(~ c 1I S S ion (I f S t r (~ s

Of the potential impacts <J~3sociClt(;d \dt11 copper-nic.kel mining and smelting, air

pollution effects may ei~1:end over a larger geographical areo. than those clSSO­

ciatcd Hith land 2ppropriation, noise, and seepage. Smith (I 97!~) identIfies

three classes of air pollution effects on temperate forested ecosystems:

Class I - low dosage effects where vegetation and soils act as a sink for

pollutants,.

Class II - subtle detrimental effects caused by moderate dosages and

resul ting in such symptoms as nutrient deficiencies> reduced

photosynthesis, lOVIer gro\'lth a.nd/or reproductive rates, and

increased incidence of stress-related insect and disease

damage"

Cla,ss III severe da.'11ag-e causing acute morbidity and mortality of specific

plants, increased erosion, reduced nutrient cycling, and

structural simplification of the ecosystem.

Level s of pollutan ts proj ec ted for the Study Area in the presence of copper­

nickel m~ning with a smelter (in addition to· projected increases from other

sources such as new elec tric-generating plants) are discussed in Volume 3­

Chapter 3. The potential impact of air pollution damage on terrestrial eco­

systems can be summarized hy the statement that expected normal levels of

pollution for the Study Area are all in the. range that has been 8hoh'0 to cnuse

class I and class II effects, where(-1s lev.els produced under breakdown condition:-;



can 'be expected to CtlUSt: clr1sS III effects in a narrOhT bnnc.~ extending het'.':C:i:;'1 L

and 2'0 kill. Knm.,n stress effects C.:Hl~l'd by c:l<Jss III d.:unr1ge are 8UIrWlar::izcd i

Table 22 ..

Table 22

The pauci ty of knoHledge about class T and class II effec ts arises fron several

sources including the variable responses of individual pl~nt species, the

influence of local envi.ronmental factors (such as climate and soil type) on

pollution effects, the lack of Dvailable information on types of damage and

threshold levels for many native species, the lack of infonnation on interac-

tions of more than one pollutant, the high level s of exposure used in €xperirc~n-

tal studies, and the dirth of field studies.

2.9:'1.1 Nature and Effects of Particulate Pollutants---Down and Stocks (1977)

identify five major air pollutants that are generally associnted Hith mi~ing and

smelting: carbon monoxide, hydrocarbons, NOx ' sax, and particulates. Of

these pollutants, particulates are the most important and ~videspread air pollu-

tants assoc.iated ~.,i th copper-nickel mining, Hhereas 802 is the major pvllutant

associated with smelting.

Particulates arise either from point sources (e.gv chimneys, vents, exhaust

systems) or non-point sources (e.g. taj.ling basins, stockpiles, haul roads).

Non-point sources may be particularly important to terrestrial ecosyster.tS

because they are scattered more broadly on the landscape exposing more area to

direct impact. Actual transport distances of particulates vary \--lith particle

size [md are generally classified into three groups (Down and Stocks 1977):
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less than 0.] rntct'on-dll1nH~tcr .., (Llcroso1 s), never settle but: mny c\..Jr:lbine· Lr)

form larger particles

0.1--1.0 micron-diameter _. particles formed' by condenf,ation of vapors

and settling over periods of months

greater than 1 .. 0 micron-diDmeter - pai~tlcles formed by the abrasion of

solids and having definite settling velocities

Smith (1977) emphasizes the scavenging ability of foli3ge for even sub­

micl'onsized particles, thus suggesting that forested areas have the p:)tential ror

accumulating large 3mOl\nts of particulate heavy metals if dust control is not an

integral part of a mining operation. The fate of such particulates is more

likely deposition on the forest fioor than direct uptake by the plants.

Deposi tion may occur by the processes of throl1ghfall (rain Ha.shing substances

off the leaves to the ground), by stem-flm.; (water \-7Clshi.ng sti.bstances along the

trunk) or by leaf fall. The proportions of particulates reachi~g the ground by

. these mechanisms are' not vlell kno\'lne Al though iron concentrations in. through-­

fall at study plot G21 (adjacent to Erie Hining Company's Dunka Pit) were not

significantly higher than at five other study plots sampled for throughfall,

they did exhibit elevated levels.

The toxiG effe~ts of heavy metals on soil micro-organisms have been recognized

for a long time. Hetal sal ts are used as fungi.cides and investigations into the

relative toxicity of various fungicides date from the 19th century~ Horsfall

(1956) surveyed exi sti ng Ii terature and found tha t h.1Il[ii toxic i ty dec reased in

the following order: Ag-I1g-Cu-Cr-Ni-Pb-Co--Zn-·Ca. The fungitoxicity of metals

resul ts' in reduc.ed dccomposi tiO~1 of Ii tter. Ruhling and Tyler (1973) found

significant correlations between total heavy metal concentrations (Zn+Cu+Cd+Ni)
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and reduced C02 evoluU.nn r<:ll:es for partr.~dly dj sintcgra!:c<l. spruce necd]es.

Tyler (J 975~1,h) reports that l1S copper concentrations inct"E'o.se in Q.'\ces.s of 20

ppm. nitrogen minerali7.ation decrc<:1scs rapidly, although i.rd,tial levels of 15 to

30 ppm appear: to increase n5. trogcn mtnera;lizatton, especifllly in organic soil s

vIhere copper i S 0 f ten unav ail ab 1c •

In ndditiori to retarding the cycling of nitrogen, heavy metals (Cu and Zn)

decreased phosphatase activity at copper co~centrations of 30 to 300 ppm (Tyler,

1975a,1976a). Because phosphatases are enzymes involved in the breakdm·Jn of

organic phosphates, reduction of their activity reduces the recycling of the

phosphorus. Reduced rec.yc·' ~ .:'g of nutrients has the eventual effect of slOl.n.ng

tree. groHth, because the P":'l:,esses of nitrogen mineralization and phosphate

breakdmvn are import'ant steps in the conversion of nutrients from unavailable

organic forms (locked up in protein or bone) to forms available for uptake by

•
plants. If nutrients are tied-up in organic compounds, they are as unavailable

for direct uptake by plants as if they were not there.. There is some evidence

that nutrient deficiency may make plants more susceptible to gaseous air pollu-,

tio'n (Guderian 1977).. If this is the case, the slo\\1ed recyc.ling caused by accu-

mulation of particulate heavy metals could have an influence on the forests'

ability to resist S02 pollution.

Effects of heavy metals on yo~m.g plants may be direct 0r indirect. In studies

of the direct effects of metals on germination and root elong3.tlon, Hutchinson

and Whitby (1974) studied soil extracts sampled along transects away from

sme1 ters in the Sudbury area. Root elongation of radish, cabbage, lettuce, and

tomato was increasingly inhibited by extracts from soils at dec.reasing distances

from the smelters. The results of thi.s prompted the Copper-Nickel Study to

conduct invC'stigations (OI'son 1978) into the germination and radical 'grovlth of

seeds of several tfinnesota forest spec.ies.



TId!"] study [o1lnd lIltlt tht'C'c llC:\,:ivy nletnls ((:;1.1', NJ, Co) hiJd no clpparent effect) t

the concentratIons t(!r)tc~d, on the germlnntion of the sp(:'~ci.es tested, bLlt radic:d.

grovlth \vo.s inversply related to the concentri1ti.oll'S of the mc'tals. Experin1l~nts

\,:i.th rC=ldical gro'\'ll.:h on fJIter paper revealed <3. stimulatory effect from copper

and cobalt (both micl'onutrients) at concentrations less than 5 ppm. Gro\'lth v,'2S

increasingly inhibited at greater concentrations of all three metals. Higher

concentrations vIere required to affect radical gro\·,rth on lllinc-ral soil than on

filter paper and on organic soil than mineral soil. Total concentrations of 50

to 500 ppm in mineral soil and 1,000 to 10,000 in organic soil had similar

effects on seedling groHth for all three metals.

In addition to direct effects on the development of seedlings, sloHed dec:om-

position resuliing from heavy metal loading may produce deep litter layers that

~are' poor seedbeds for species that require mineral soil for establishment, such

as red and jack pine. Studies by Thomas (1965), Jordan (1975)" and Ivnitby and

Hutchinson (1974) suggest that near smelting operations heavy rr.etals have a ten"7

dency to remain in the humus of the forest floor rather than leaching into the

mineral ho'rizons of the soil. In a study in Pennsylvania, Ruchauer (1971) found

that accumulations of zinc and cadmium caused greater damage to vegetation than

The Regional Study's air pollution modeling suggests that loading of soils by

heavy metals is probably the most severe terrestrial impact of air pollution

that can be expected from a smelter in northeastern Minnesota. By estimating

the loading of. metals on the soils of the area at present and projected rates at

a distance of 20 km from a smel ter, assuming base case emission control (see

Volume 2-Ctwpter 5), operatlng for 25 yeD,r? (see Volume 3-'Chapter 3 for air

modeling det<.lils), c0111parisons were maoe of the relative potential impact on



soU sand vcgC"tnlton types in tbe lilincr':11 rl'Go\.lrce zone. ThL'J model does not

account for the effects of addi tJonal litter c1ispo:::t t:Lon ()l'ld decoillpor;i tion,

input of roctl11s from \'leat1Jering sources, ctnd rate of le;:1.Ch1n;-c;. of metnls froi11 t}-;>::

litter layer during the 25-ycDr p!..~riod. This model is totally dependent on the

accur acy of lOdd ing value sand shou Id ._~c:.~~..secL_ to_~~.9~ns j ~lel:"_~-!,~1d oS __~_l~_PO t the

magnitude of the probl€m~

Present loadings for copper, nic~:el, and iron (the clements \>lith rclcttively

large projected loadings from a smelter) 'Here calculated twing Copper-Nickel

Study data for forest floor \\'eight and metal concentrntions for the litter layer

of 4 upland soils and 4 vegetation types~ The highest present loadings of

copper (kg/ha) are in pine stands on soil association 8.

Reported pH values (SCS) for upland soils rc£:.ch a maximum of ('"0,, These valu2f.

suggest that heavy metals are probably available r.or uptake by plants. Cation

exchange capacities for soils 7, 8, and 5 (1976 Copper-Nickel Study data) are

comparable 'ioJith each other and range from 15 to 28 millequivalents/lOOg. No

data are m,:ailable for the cation exchange capac.ity of soil associ.:ltion 50, but

,this clay soil may be expected to have a higher cation exchange capacity than

'the three coarser soils, suggesting that rnetals should be leGS availnble for

plant uptake.

For this model, predicted loading of copper is approximately .2 kg/ha/yr (5

kg/ha after 25 years), and of nickel is .03 kg/ha/yr C7 kg/ha after 25 years)

were llsed. These projected loadings 'Vlere added to present levels in the soil

(see Volume 3-Chapter 1 and first level soils characterization report) to

generate projected concentrations nfter 25 years of smelter operation. Th~rc is

a strong negative correlation between fore~t floor litter weight and projected
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con~cnlr(1ti{)n ncross mOf3t commun:iti.C'fl and ~;oils for both nis:kel [md copper

(Figuter;.; 47 nr:cl /d3)~ Hearl projected COJ.lccntrntions of both metals Clrc highest

acrOS:3 .'111 vc,?,r~tdtion typef; on soi] 8ssoc:1.ati.OlY 5 (Nc\vfound-Ne\·][ound) \olhich

predOlHin~~tC'n in the Toimt Drumlin Field \.;hcre lit.ter Heights are 101;0/.. BeC<JUS2

current lO£1(lines of copper are 10\-7e1' under jack pine than red pine on soil asso­

ciation 7 (To.rvola~Cloqllet) projected lowlings'\'lOulc1 make a greater. change in

red pine stanr1s~ Projec.ted average ne\:7 c.oncentrations of Cu on tllis soil are

comparable for deciduous and coniferous stands.. Projected concentrations of C1.1

on soil associatlon 8 Oiesaba-narto) are three times higher in deciduous than

coniferous stands. For soil association 5 where projected Cu concentrations are

highest) proJ(~cted mean concentrations for deciduous and 'l;vhite spruce sta!lds 3re

comparable l,.lh(~reas those of pine a~e almost half as great.. The effect of litter

\'7eight in the spruce stands is an important factor c.ontributing to the projected

similarity het'vieen Vlhite spruce and deciduous. stands. Forest floor litter

weight in Etfl!ld G35 is IOH because of site preparation (rock ral~ing) Hhich

removed all litter before the plantation was established ..

Average pro.l(~c ted concentrations for nickel are slightly higher in pine. stcmc1s

than deciduOlw stands for soil association 7, comparable on soil association 8,

and higher tn deciduous stands on soil association 5. Projected increas2B of

nickel in tlH' clayey soil type 50 are slightly lower than in comparable ve;;ctn­

tion typen on the neighboring soil association 5.

Freedrn<Jn (unpublished research) is studying loadings of he.3vy metal and Ittter

decomposition along a transect dO\vnwind of the Copper Cliff (Ontario) sml!lter.

Copper conc\"ntrations predicted by the ahove model for soils in the Study An';)
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after 25 yc'nri; of ::mclter operation ('It 20 km r,C'llcrlllly fall, \.vithln con-

wlncl of the Copper Cliff [;~Ii1Qltcr (2.00 ~ 80 ppm): On soil OSSOCi.1tlon 5, vhich

has a lov'cr litter \·lC;i.ght~ pr·ed:i.cU:d concentratLons after 25 years of s;;:eJter

operation are comparable to values obsprved by F:ceedl11[lli 30 kIn dowmdnd of the

Copper Cliff smeller (LIOO ±. LrOO ppm). Average predJcted nic1\el values are

generally hAlf tllOS':~ observed by Freedman at approxj,mately 40 krn from the C,Jpre.r

Cli ff smel tel' (thi s smel ter has a high stack, sroel ts copper and \\'38 fi rst blo:',--:1

in 1888).

Freedman's litter decompositi.on data have been used to c.alculate the half-life

and ?5 percent 10S8 time for decomposition of birch, aspen, and \vhite pine

litter (see Soil Decomposition Studies report for further details). These rates

can be compared v.7i th current rates of decomposl tion for aspen Ii tter deterr'-.1ine..:l

~

by the sattle litter-bag method in the Study Area.. The time required for 95 per-

cent decomposition of aspen litter at 40 km from Copper Cliff is 6.25 years,

compared wi th 4" 65 years in the Study Area, suggesting that after 2S years of

smelte,r operation, projected metal loadings in most Study Area soils '\-}auld

reduce litter decomposition rates by roughly 25 percent. On soil type 5, ~lere

the concentration would be comparable to that at a distance of 30 km from Copper

Cliff, 95 percent decomposition time could be expected' to be 6.52 years. It

should be noted that these calculations are based on projected levels of metal

loading at a distance of 20 km from a smelter. In order to reduce the areal

extent of slowed decomposition to within a distance of 2 km of the ~nelter) the

amount of metal from stack sources would need to be reduced to 1/5 to 1/10 the

levels prE'dieted by, the l{egional Study's model. The model does not i.nclude

fugitive emissions) vlldch Cllso lvotl1d contrihute to l00d1.ngso HOvlcver, 'tiith
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rcnsouably good 110Usl?ke(~plng procedure!"; at thQ 'smcl tet', these contributions nre

cxpec ted to he sm all.

Hccaus(~ most plantati.ons o.re mar1aged for ptoncer conifer spcc:Ies (such as red

and jack pine) that require mineral B,oil for germination and good seedling sur­

vival, the l:i.tte.r layer is usually removed before planting .. Those stands with

the least initial litter wf.dght can be expected to be most affected by heavy

met;}l loading. The low in1.tia1. litter weight of young pl[m,tations implies that

these st'ands are likely to be the most susceptlble to effects of higher heavy

metal con~entrations. Thus, recycling of nutrients may be reduced more in these

most intensively managed stands than in older stands and unmanaged stands ,vlth

greater initial litter weights.

Once metals reach the litter layer, they are effected by several processes

'including: leaching to deeper soil horizons, transport in runoff to the aquatic

ecosysteJi1, trc:msmutation to other chemical species, binding to organic or other

materials and being taken up by plants. The chemical availability of heavy

metals for uptuke by plants depends on several factors: the fon~ in which the

metals occur, the species of plants present, the cation exchange capacity of the

soil, and the soil pH. Soils Y]ith higher cation exchange capacities, such as

organic soil associations 58 (Hoose Lake) and 59 (Hashkish), can be expected to

bincT more metals in unavailable form than clay soils, and clay soils more than

sandy soils.

Soil pH and buffering capaci ty vary naturally bet\veen soils and under different

plant cormminities.. For example, sandy soils under con?_fers are naturally more

acidic tll.:111 the same soils under some deciduous species. Hicronutrient cations

3u'ell ns Fe, loIn, Zn, ell, B, 1'10, Cr, and the toxic Zn, Cd, and Ni are most soluble
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under ':icidic conditions. The pH at: \vldch n)ctnl.s i.lrc. readily soluble in \\'-iter

varies \,/J th the metal. Tn Sv!(~dish mor (orga,nic) G0118, Ty'ler (19l8) found SIF~--

den releaf.ic of ell Dt pH values bclmv 3. L, ano Pb bclc)\.·;r 3.5., IJess than 10 percc:lt

of Cr v.'3S released at any pH betwcen 2.8 and L~.2) vlhercas over 10 percent of C=,'

2n, and Ni \vas released at "'.2 and over 50 percent at 3~2. Although polluted

soils contained more metal at the outset of It":aching Qxperiments) Tyler found

that they had higher base saturation resulting in more efficient initial neutra-

lization of acid rainfall" The total amount of metal releas'ed froII1 polluted 2.;10.

unpollutc,d coils at the end of Tyler's leaching experiments varied \vi th the

metal. Hare Zn, ill, Cu, Pb, and V \Vere'released from polluted soils w'hereas

greater amounts of Nn, Ni, and Cr 'YJere released from unpolluted soils. Tyler,

estimated the residence time of heavy metals in the t\vO soilso f.t pH valu:.:s of

4.2 (m6st nearly like pH values projected for the Study Area in 1985) residence
!

time~ of all metals except V were much longer'in polluted than unpolluted soils

('fable 23). It should he noted that these leaching experiments ~7ere conducted

with organic soils most likely to bind heavy metals and that no estimates of

loading were made for organic soils 'in the Study Area.

Table 23

2.9.1.2 Nature and Effects of Gaseous Pollutants--Unlike par~iculates) S02 is

emi tted primarily from stacks of smel tel'S (or as fugi tives) during the smel ting

of sulfide-bearing ores or from coal-burning pO\vcr plants. Based on, models pre---

sented in Volume 3-Chapter 3, projected annual ambient levels of 302) for the

total Study Area in 1985 Hi thout a slllel tel' are 2.3 ug/m3 and 1.1 ug/m 3 above

the current level. Addltlon of a single sm'..~lter) with base case emission

controls (Volume 2-Chapter 5) t ,...,ould raise ,'the annual concentration to 2.5
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RES1DENCE TIr,m TN YE/\!"\S
Hctnl J?li ~~2_(:.L~~~~-.(~ ~l_~~ i 1 Polluted Soil..-.~ .._-_.... ---_.-----_...-

Hn Lie 2 3 30-LIO

Zn !t. 2 7 9

Cd 4,,2 6 20

Ni 4.2 5 15

V 4.2 17 2

eu 4.2 13 80-120

Co l~. 2 20 100-150

Pb 4.2 70-90 200

SOU RCE : Ty1e r (1 97 g) *'



through the stomata (opening:; 1n leavps) ~ causIllg direct <1<11IJnge to the foliage~

The phytotoxJcoi ty of 502 3ppcarc~ to be about o11c-h..:\l f that of equi.valent corl-

centrDtions by volume of Hel 3i1(:1 one--elghth that: of HF (DS 11leasured by accui'1u12::-

tion of S, Cl, and F i.n the plallts)(Guderian 1977)~ In addition to the toxici

of 302 itself, the gas combine.s with oxygen to form the strongly hygroscopic

S03- The comb~nCltion of S03 wI th atrnospheric moisture produces sulfuric

acid, creating "acid rain") ~vhic:h is discussed in greatel' detail in the

following section. The presence of an extensive taconite industry in

northeastern Hinnesota may especially enhance the probability of acid rainfall,

beca~\jse in the presence of iron or manganese-rich particulates the 502----)

S03 reaction is catalyzed, magnifying the effects of the reaction 3 to 4 tiITlE.:S

(DavIn and Stocks 1977).. Krause and Kai ser (1 977) report magnification of di rec t
~

802 damage in the presence of heavy metals. The influences of concentration

and duration have been combined empirically in many studies to ~how threshold

levels of acute injury for many species of agricultural crops, commercial forest'

species, and ornamentals. Data from Driesinger and l'{c.Govern (1970) for the

Sudbury region of Ontario were used to estimate the maximum allO\vable 802 con-

centrations before there is visible damage to several species present in

northeastern Hinnesota. The results are depicted grophically in Figures {19a-l.

Zeyen (1978) has grouped species native to the Study Area as having high,

ml~dium, or 10\'1 sensitivity to 3°2. These ratings" and pollution levels

causing damage to each group, ar.e presented in Tahle 24.. As can be seen from

this table, resistance to pollution varies a great deal between species.

Vari.ations in pollution resistance Hi-tIltn species, as documented by Roh;neder et

ale (1962, 1965) for European species of pine and spruce, Schonboch et al.

(196 /1) for European lnrch, and Dochtnger et ale (1965.1,b) for. white pine, pro-

] 51



v J.d e the b [t sis for b reed i ng program s topr oj be eres t s tan t s'l raJ ns •

The degree of damage to vegetation frorl1 gaseous pollutants (especially 502) is

dependent on several environmental factors.. The effects of relative humidity,

soil moisture, light, temperature, time of day, and season are all related to

the size of stomatal pore opetling. In general, the stomatal. pores are open to

a1lm<7 evapotransptration when the plant is activl~ly photosynthesizing. Under

dry conditions the pores close to conserve water, expl~ining the relationship

found by several investigations bet~78en degree of vl:il ting (Zimmerman and Croc}:,=:r
,

193 /+), soil moisture (Katz 1937; Katz and Ledingham 1937) or water deprivation

(Van Haut 1961; 2ahn 1963b), and susceptibility to 502 damage.. Damage 'vas

greater when the s'tomatal pores were open (e.g. under conditions of sufficient

moisture or ac.tive photosynthesis) and gas exchange could take place. Although

N02 is taken into the plant by the same gaseous exchange process as 802 \"Then

the stomat.al pores are open, it appears to cause more injury under conditions of

lovl 1ight or darkness.. Under full light conditrons N02 is reduced to ammonia,

which can be used by the plant; but under dark conditions toxic levels of

nitrite accumulate (Taylor 1973).

Although HF is ,not expected to be a problem with a copper-nickel smelter, ele-

vated levels are associated with pOHer plants and could be a problem "nth future

power plant development in the area. The degree of uptake of HF does not appear

to be related to rate of gas exchange of the plant (Guderian 1977). The st~ge

of development and leaf age have a strong influence on the susceptibility of

plants to pollution. Short-l:i.ved plants ey.:llibit a strong degree of resistance

during early stages of dev~lopment" Younger leaves are generally more resist~nt
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Tahle! 24. Sulfur tli.o)~hlC' conc.c'ntr.:ltion~: ci.llJ[dn~', thre:;hold C.1~l~;::: III in,jul-y to vin'j()\l:-:

8en~:::i Uv'l ty groupings ()[ vcgct<:ltion ood !~cn~d.tJv-J tics of ~'lillnesot,:l

specics.D,h,c ~'< .

Sensjtive
Jack'pine

o I\Cd pi ne

\Vhite pine
Paper birc.h
Blac.k ash
Quaki. ng aspen
Bigtooth aspen

Intermediatp
-_._-~~.._----
Balse-l1n fir
Balsam poplar
Bas s\\looc1

Resistant------.....-._~-

'~h i t e s p n.1 c. e
Blac.k spruce
Hhi te cc~d a r
Red mnple
Red oak
Bur oak

}1AXIHUH I

AVERAGE
CONCENTRATION

Peak

1 hr

3 hr

8 hr

SENSITIVITY GROUPING
Sensitive Intermediate Resistant

ug/m3 ug/m3

2, 620 to 3, 930 3, 930 t 0 5, 2L~0 5,240
(1.0 to 1. 5 ppm) (1,,5 to 2.0 ppm) (2 .. 0 ppm)

1,310 to 2,620 2,620 to 5,240 5,240
(0 .. 5 to 1.0 ppm) (1,,0 to 2,,0 ppm) (2,,0 ppm)

786 to 1, 572 1,572 to 2,096 2,096
(0,,3 to 0.6 ppm) (0.6 to 0.8 ppm) (0.8 ppm)

262 to 1)310 524 to 6) 550 . unknown
(0.1 to 0" 5. ppm) (0" 20 to 2.5 ppm)

apeak, I-hour, and 3-hour concentrations based on observations of
visible injury occurring on over 120 species gro'ving in the vicinities of
S02 sources in the southeastern United States and on other field observa-­
tions. Adapted from Jones et a1. 1974.

bEight-hour concentrations based on rteagle 1973.

CParts per million convcrt~d to micrograms per cubic meter (ug/m3 )
by the multiplication of ppm X 2,620. Adapted from Stern et ale 1973.



tlwn lc:wcr; in stages of fuJI ~r0\1th [dId ,Jctivc phot()~;Yl~tl1C.!;is (Vnn Huut: I 0(ll;

Van Haul and Stratnlann 1970). Similarly) f.~ensi tiV1 ty of coni.fers is hj;~l1t'st: 9

bcgtnning at the late sap1 i ng stngc and conLi.nn,Lng throughout the [ler1.od 0['

cUlTlulative grO\'/th (Gudeci.an 1977).

The relationship bet\veen phenological condition (le,:lf Slze and aee) a,nd pollu­

tant sensi tivi ty to 802 11(1s a direc t implication for control of pollution

injury. Data from Sudbury, Ontario, (DriesJnger and HcGovern 1970) shc)\v that

the. gre<Jtest injury to vegetation resulted from pollution ev(~nts during rnid­

summer, \\lhe1'eas the same levels of pollution at the beginning and end of the

season had little influence on the vegctatione

Models developed by the Regional Study (Volume 3-Chapter 3) indicate 802 con­

centrations of approximately l}OOO to 2.,000 ug/m3 \~ithin 'a distanc.e of S km of

a sm,elter if pollu,tion contr~ls fcd_~.ed f02:..~:._J~.<:r:tod of 3 hours in midsummer, a 1 td

concentrations of 500 to 1,000 ug/m3 at distances up to 8 lerna Such levels

would be potentially injurious to all major: forest species exc.ept Hhi te spruce

-(Figures 49a-l)., In the months of June and July, around 55 percent of poten­

tially dangerous fumigations in the Sudbury are8 resulted in injury to vegeta-:­

tion, suggesting that hal f the accidents occurring during these months could be

expected to cause acute injury to vegetation \.lithin 10 km of a smelter in the

Study Area.. Because of changing \vind conditions, the probability is 10'\" for

damage to occur repeated 1y in the same area.

No' Class III impac ts on vegetation are expected to occur during nonnal open:1tion

of a smelting facility. Class I and II 'impacts on veeetation may occur, but

knowledge of these impacts is so limited at the present t-Ime that it is not

feasible to either predict the extent of potential change or to measure this
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d.1l1l[lge if or when it docs OCCllf. Current stnte [Ill' pDlluU.o[1 standards nrc,

therefore, expected to provide ndcquaLe protec.tlon for the terrcstrL'11 cco-

systems of northeastern Ninl1e~3()t[l. At the pleS(~nl: time there are no f}u.::ir:···

t i tel t i vee r i t e ria to be use d d ut t ng br e <=l kd (H·rn pe ri.o d s to de t c: r rn i nee0mp1. ianc. e

"-7ith state a:Lr fluality standArds. Tile standards, therefore, cannot be

referenced \'1i th respc:ct to CITllbient eoncentt'ations '\Thieh might be expected to

cause damage to vegetation dUl'ing Buell upset con~itions, and thus cannot be.

rigorously used to safeguard against vegetation damage (Minnesota State Air

Quality'Standards and Regulat.ions 1976, Chapter 21).

Topographic setting and· structure of the. vegetation also influence Stlscep-

tibLlity to pollution damage~ Damage is more likely on sides of hills facing

the smelter and recovery m3.Y oc-cur more slowly on xeric south\vest-facing slopes

'V7hich are more susceptible to fire. The combination of fire and aIr pollution
~

causes severe erosion) a~ is evidenced in the Sudbury region in Canada Bndthe

Copper Hill region in Tennessee, ~lere open roasting of ores at the turn of the

century was responsibl~ for the severity and persistence of the degraJatlon. In

a study of fluoride uptake, Knabe (1968) points out that different structural

layers of the vegetation (cnlloPY, shrubs, and herbs) are. subject to different

rates of air exchange, resulting in different p'ollutant accumul'ation rates for

the different forest strata at the·same pollutant concentration.

Foliar injury is not always a good measure of the sensitivity of plants to 802

damage. Although plants exhibit 311 ability to recover from 10,..7 level intermi.t-

tant fumigations (Guderian 1977), subtle effects at the cellular level, such as

changes in 'the structure of the chloroplants, result tn tht~ reduction of 002

assimilation and thenc.e of grO\oJth.
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pine in Ontario, L[)tllc nnd l"kCallurn (1939) on British C"olumb:ia pIne forests, ~ .. ,I
(.J,.,.i

Kotnr (197 L,) 0\1 bnIsnm fil", vJhite Srruc.e, and aspen in Hichigan, snggest rcducti ,~

in grouth of conifer species under conditions of chronic exposure to S02* In

addi.tion to d:Lrcct injury hY' S02, Jonsson and Sundherg (1972) in S'·.:eclen and

CogbIll (1976) in Ne\o7 Hampshire and Tennessee have <J.ttemr)tecl to relate decre<J.~;.;:~;

forest growth to 2cidific[ltione Both studies suggested Cl. decreDs2 in grouth D'..::::

were inconclu~ive because of uncontrolled variab1esc

Linzon (1971) related pollution damage to economic loss from depressed gro~th of

white pine near Sudbury. He found growth losses of .1 Cll ft/yr per tree in t~2

7 to 12 inch diameter class.. These are higher than can be expected in the Stu~y

Area, bec:ause \'7hite pine is the most susceptible pine species and concentratio'Ds

~n tl}e inner fmne .z:one near Sudbury are higher than those projected for

northeastern }1'inncGota~ Tamm and Aronson (1972) report studies near Kvar:1tor~,

Sweden, in \oJhich decreases in grm'7th rates of spruce and pine v7ere estim2ted

near an o~l-shale plant. Estimated growth reduction of 3 percent at ambient

monthly 802 concentrations betHeen 39 ( .. 015 ppm) and 52 (0020 pp;:n) ug/m3 and

20 percent at concentrations around 79 ug/m3 ( .. 030 ppm) have been used to

e8th-nate 108ses tl1at might be expected under comparable levels of pollution i:1

northeastern Ninnesota (Coffin J977). In reality, estimated losses of approxi-

mately 1.3 Cl: ft/yr per.acre are much higher than can be expected with nannal

smelter operation, because projected monthly concentrations of 802 for the

Study Area range around 1 ug/m3 •

T\eproductive capacItles of red and white pine in N(~w York have been reported tv

be redl1ced hy monthly suI fation rates as low as 5 .. 73 mg/m2 (Houston and

Dochinger 1977). These sulfatlon rates are roughly five times as high as prQ-



jectcd ratt~E: fl~om a slnglc bDS(! C:3~;e model ~;Ji1cll(~r in the Stl\dy i\rc.:1 (1.7.

mg/m 2 per month). Even at pollutIon r.:ltcs Buffici-cnt to :tnfluencc pol] in (.1-

tion) it is dC)Llbtful that reduced reproduction of pines \wuld seriously affect

t he ceo nomi.c prod uc ti vJ ty 0 f fo res t 8 in the Stud y Area bee: e)L1 se nC':-lxly all pl..rin-

tattons are established by aerial seeding or by planting of nursery stock r~1L~lcd

outside the arca. On the other hand, if reduction of the capaeity of scxu81

reproduction is a widespread effect of 802 exposure, it i8 to be expected that

in unmanaged areas the species composition of Study Area forests vJould sllift in

favor of. those species best able to perpetuate themselves ve8etat:LvE'ly (eege

aspen).

from anthropogenic sources appear to be decrea;.;ing tbe pH, of rainfall (beloH 5.7)

in several regions of the \.;rorld (Likens and Bormann 197 fl) .. The acidification of

~
rainfall appears to be a potential problem in the Study Area (Volume 3-Chapters

3 and 4).. Acid precipitation may present more of a problem in forested than

nonforet:ted e~o8ystems.. Studies in Alberta (Baker, Hoc.ldng and Nyborg 1976) o.nd

Nor\·jay (Abrahsmsen, Horntvedt and Tveite 1976) report higher acidity of rainfall

intercepted by vegetation than 'of rainfall in the open .. In both cases, acidity

of stemflow was even greater than that of throughfall, suggesting that ~cids

from the bark of trees are leached by the acid precipitation.. Most areas 8ub-

jected to acidic p:;:ecipitation lie dOYJllYlind (:in some cases long distances

downvlind) of a complex of sources, making it difficult to estimDte the possihle

area of influence of single sources.. Nyborg, Crepin, Hocking, and Baker (1.976)

report as much as 50 kg/h<;1./yr deposi ted as far as 20· to 30 krn dm'ffi'vlind of single

emission sources in Al berta.

156



'Talitm cmd Cc)\o!linr; (1976) l'CVil'\'l UlC' potl'nti..l1 ~~rfects of ncicqc prec:i.pit<ltion on

vegetation iu·:clf ('f''lblc 25, [1"(.)111 Tamm aml Covlling). Their rcvi.cvl includes

effects on the cellular) oq~[ln, and \<lhole plnnt level.. In wJdi tion to the::;e

effects there 2t'e those that operate at the ecosystem level, either through

clwnges to the soils or changes in communi ty composi tion and function ..

Table 25

.Knowledge of the acidity of precipitation itself is not sufficient to predict

acidity of the soil. Acid precipitation may be neutralized by basic substances

present in dust, plant exudates, litter, or soil colloids.. The higher the

cat1dn e.xchange capacity of the soil the greHter its ability to neutralize aeid

rainfall. High exchange capacities are characteristic of' soils ,vith high pro-

port~ons of clay minerals or organic' substances. Alte.ration of the chemic.al

propert~es of soil organic acids by acid precipitation may permanently affe.ct

the abili ty of the soil to recover from acidification (Hutchinson and \-1hi thy

1976) •

The release of heavy metals into runoff water discussed in Volume 3-Chapter 4

has been reported not only from experimental studies but from field st.udies. In

addition to the release of toxic metals produced by Sudbury smelters, Hutchinson

and Hhitby (1976) found increa~:;ing concentrations of aluminnm. in leachate and

vegetation along a transec. t approaching. the Coniston smel ter in Canada.. The

aluminum occurs naturally in soil clays and is leacbed at 10\1,1 pH value.s, ClS has

been reported near gas works in Alberta (Baker, Hocking and Nyborg 1976) and in

soils affected by aeiel strip-mine ru.noff in southeostern Ohio (Cribben and

Sanachetti 1976)" Because availnble aluminum is toxic to vegetation,' there is (1

danger of hc~vy metal toxicity even in arens ~lere there is no metal pollution

i.f solI i1cidlt:1.es reach pH vnlues around 3uO ..
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Tahle 25~ PoLclIlLll effects of.' acldic prcciplt:<.1Uon on vcg('t~ltion

(front Tamm and COh71ing 197(J).

Damage to .surf3ce RtructurCf3 m,ly occur due to [lccelernt.ed erosion of the cuticu-
lar Inycr tlwt pr-otects mo~~t foliar Orr',3l1Sc It also could u:,riult from direct
injury to surface cells by hir;h concentrations of ~;\Jlfuric Beid and other har,-c­
ful subst.:mces that are concentrated by evaporation or adhr?re.nce of soot par­
ticles on plant surfaces.

Malfunction of guard cells ..viII lead to loss of control of stomata and thus
altr;~red rates of transpiration Clnd gas-exchange processes nnd possibly increased
susceptibility to penetration by epiphytic plant pathogens.

3) !'_~~§~T'ing of plcmt cells _afte!.-_~jffu~ion_~~ o~_~~<:""SUbGtBnces through
stomata or cuticle------_._-----

I

This could lead to d~vcIopment of deep necrotic or senescent spots on foliar
organs inciud tng leaves, flowers, ts;vigs, and branches"

4) Disturhance of norr~01 m~tabolism or grm.,th proc:.esses \vithout necrosis
of plant cells

Such disturbances may lead to decreased photosynthetic effic.:tenc..y, altered
intennedial'Y metabolism, as well as abnormn.l development or premature senescence
of leav,::;s or other organs.

5) ,Alter.atjon of leaf- and root-f~xLldation proces_~.~

Such a1 ter.<~t'lons may lead to changes in populations of phyllosphere and
rhizosphere microflora and microfauna, including nitrogen-fixing organisms ..

Such interference may be achieved by decreasing the viability of pollen,
interference with fertilization, decreased fruit or seed production, decreased
germinability of seeds,. etc ..

7) ,Synergistic interact~on ~.;rith othE'l" environmental stress factors

Such reinforcinf, interaeti.ons may occur with g3seolls snlfur dioxide, ozone,
fluoride, soot particles, and other air pollutants. as '¥7ell as drought,
flooding, etc.



T::lb] c~ 25 con t: 1i1UC, d.

Indjrcct" Effpcts

DanQgc to cnllclc and surfac(~ cells m,1y lead to accelerated leaching of
mjnE-:ral elements and organic substances from leaves, t\·,rigs, branches, and
stems.

Erosion of cuticle., jnte-rference with normal functioning o~ gU.:1rd cells, <lnd
direct injury to surface cells may lead to increased evapotranspiration fro~

foliar organs and vulnerability to drought, air pollutants, and other environ­
mental stress factors.

3) associations

Changes in leaf- and ro~t-exudation processes and accelerated leaching of
organic. end inorganic sLlbstancl~s from plants may affect the formation, deyelop­
ment; balance, and function of symbiotic associations such as mycorrhizae,
nitrogen-fixing organisms, lichens; etc.

Resistanc.e and/or suscept}.bility to biotic pathogens and parasites ffi8.y be
altered by predisposing plants to increased susceptibi.1ity, altering host capE-­
city to tolerate disease, altering pathogen virulence, etco The'effects of aci­
dic precipitation may vary with: the nature of the pathogen involved (whether a
fungus, bacterium, mycoplasma, virus, nematode, parasitic seed plant, or
lJlultiple-pathogen complex); the species, age, and physiolog:tcal status of the
host; and the stage in the disease cycle in \·;rhich the acicU.c stress is applied--­
for example~ acidic rain might decrease the infective ~apacity of bacteria
before infection and increase the susceptihility of the host to disease
development after infectiono



The' procc:.:;s of nltrifici1tion may be dcprcs~;,·d by C1ctd precJrdtation (Abr.1klr:l~~en,

Horntvcdt and Tvcite 19'7(i). The impoL-tancc of reduced nitrlficatlon in f()r\~st

.ecosysterils js dc-'empllasi7.cd by Tm~lm (1976) \..... ho notes tlwt retention of 1'4 jn

ammonia form may llclp retain it \dthjn the f~cosystem instead of losing soluhle

ni tt'ates in runoff and surface groul1thvater. Hi thin the Study Area, it is likely

that decreaseu nitrification vlOuld be most important in orabrotrophi.c bogs, the

community in Fhich nitrogen is probably most lindting. The distribution of the'

pi,tcher plant and" sundew may perhaps serve as an indicator of E.usceptible COiW­

munities. In addition to decreased nitrification, acid precipitation may result

in a loss of nutrients such as Ca and Mg through increased leaching. Although a

port~on of the leachate is likely to leave the system as runoff, another portion

is likely to be leached to deeper soil horizons where nutrients would be less

avaiJable for herb roots but more available to tree rootsb

Fe1" studies have attempted to relate acid precipi tation to community charac­

teristics. Changes in species composition near centers of pollution such as

Sudbury are the result of the differing susceptibilities of species to a complex

of pollutants.. In an effort to detec t communi ty properties reI ated to soil aci­

dity, Cribben ffild Sanachetti (1976) studied riverbottom communities in

southeaste"Ll1 Ohio \'lhere acid runoff from strip mines has affected soil Dcirlity.

They report 1m"er species diversity, equihility and "productiyity" (measured by

basa.l area) in black birch communities on more acid soils \vi th higher available

a1 uminum. The direc t causal reI ationship bet\<7een acid preci pi tation and reduced

productivity measured by growth remains to be demonstrated conclusively.

Jonsson and. Sunc1hurg (1972) report lower forest produc ttvi ties in areas of

Svll~den more susceptihle to Dcid precipi tatlon and "have fouodno reason for

attrihutine the reduction in groHth to any cause other than acidificat.iono'· On

158



the other hand, f\On.1l'gL:m and ArlCrici.lll invcstlgrttors have Ldlcd to d(~t\.'ct <11f-­

ferc[lc{~s in diameter gl.'o\·Jlh that: carl be tel a.ced Lo Deid raJnfall (l\brahdPlsen)

Horntvedt c:mel Tveite 1976; Coghill 1976).

Direct impacts caused by air pollution are not expected to range far from the

smelter.. For this reason, only the development zones ar:e considered in this

dis~ussion of susceptibility. In as much as air pollution impacts on vegetation

and soils are expec.ted to be related more to the pre.sc:'.ilce of a smelt.er than to

the mining operation itself, these impacts are likely to be restricted to the

zones vlithin 'Vlhich a smelter is located .. The siting of a smelter is very

flexible in contrast to a mine. S:trictly considering operating requirements, a

smel ter could be located anywhere in the Study Area, l1:lnncsota) or vl~lere it is

economically feasible to tran::Jport the cont2entrate .. The following analysis of

impacts is limited to the development zones, but could be applied to much larger

regions (e.g. Study Area, ArroHhead Region) using the source appr08ch" The

"Regional Study's model suggests that no smelter using the control technology

presently tltilized on ne"';., domestic smelters could be located in zone 1 '\\7ithout

violating Class I, no significant deterioratio~'8ir quality standardsc Within

zones 2 and 3 a model smel ter based on the best state-of···t:lte-art control tech­

nology \Vquld li-kely not violate the class I standards of the BHCA, assuming nor­

mal Qperation. On the other hand, a smelter that sill1ply meets Ne ..." Source

PerfOrmQllCe Standards (NSPS) could probably not be located nearer than zones 5,

6, and 7 without violating the B\..JCA's class I standards .. (This analysIs as it

telates to violations of PSD Class I standards for the BWCA, assumes no contribu-

tion from other sources in the PSD increment analysIs presented in Volume 3~­

Chapter 3, indicates that ex:lstin8 and expec ted future regJonal S02 emissions
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\t;ill resul.t in t\'lO-fold exccl'dnncc of thl' Class I increment in the H\'leA \·}jt1!<Jut

a Gmcl tor in tl1C reglon. This situation cOllld foreclose' the option of 8i tJ ng :J

s mel t e r in t 11 c ~). t uc1 y Are D. )

Although the influenee of a smelter on <lir quality standards may e>~tend tlli:ough

several zones, projt~cted levels of emission from all sources do not suggest tLat

potentially injur.ious fumigations vlill extent bey'ond a l'adius of about 5-10 kr.l

from the smel ter" Under normal operating conditions, no visible 1.njury is

expected even ~o'llthln this zone. Ho\vever, under midsur!lrner conc1iUons of a \mrst

case breakdm,m) a single incident may damage several hundred hectares. It is

likely that vegetatively reproducing species such as aspen have a greater

overall capacity for recovery from such infrequent fumigations, so that long­

term injury to veget~tion is likely to be less in zones dominated by aspen

(zones 1, 2, G, and 7).

As discussed earlier, a modification of the Regional Study's forest succession

model ·presents an exaggerated vlsion of possible successional trends under the

influence of injurious levels of pollution similar to those at Sudbury, Ontario;,

Figure 46 illustrates expected changes in community type over 100 years, \<7itli

the smelter operating for the first 20 years.. The change in area of a communi t)~

type does not imply the death of every individual of the dominant species, but

that a sufficient thinning of canopy occurs to result in reclassification of the

area on ae rial pho tographs.

During smelting, damage to sensitive species, such as pines and aspen, is likely

to result in a reduction of the area classified as these community-types and an

:f.ncrease in area classified as upland brush. After cessation of smelting) nor­

s,:n.al successional proce_sses and manar,emen.t prac.tices Hill 8f~ain become the.
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eontrolling factors In deterndnlng forest types 1.n tlw rq~ione Normal ~:UCb-'

ceSSiOll<ll proccsr:;cr-: are likely to rer;ult in inct'easing ac:rC'<Jt~C's ,.,f nwtU1:C com~"

,muni ties (such' as llli:,~cd conifer·-dcciduous). NanagQ:nt~ntwol\ld rcsul t in

conversion of such mixed comr:lUnities and upland bru~~h into cornlilerclally vdluablf2.

specles (pines a.nd aspen) near the e.nd of the IOO-year period .. Bf~cau~~e the

In additi'on to pot.ential re.strictions on the siting of a smelter :[n the Study

Area and differential s~lSceptibilities of the dominant vegetation, the suscep-

tibt'lity of undisturbed areas in any given zone depends on soil attributes.

Deeper soils wi th higher cation exchange capaci ties) such as those found. in the

sou~hern part of the direc t impac t bel t, should prove less susceptible than

shallmv soils \'lith low ex.change capacities .. Soils with a thicker forest floor

layer should suffer less impact from heavy metal loading than those ,,,ith thln

hwnus layers such as the Ne\-,found soil type. Table 26 illustrates the relative

susceptibility of the seven development zones to air pollution impacts) based on

the importnnt attributes in each zone and secondly the susceptibility of the

zone to certain types of impacts.

Table 26

2.9.2.1 Zone .1..··-Al though both the vegetation and soils of zone 1 suggest that

the zone is highly susceptible to aie pollution damage, siting of a smelter

\<llthip the zone would likely violate class 1 air quality standards i.n the m~Ci\.

Th.erefore, the z'one is prob(jbly protected from potentIal direct a:tr pollutIon

'd amage.
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TABLE 26 SUSCEPTtBILITY OF DEVELOPMENT ZQNES. TO AiR POLLUTION IN1PACTS

!

r----- ZONES 111213141516171
. t l ! I I',. ......-:..... -: ... :':' ,- _. ".- --. \I I ThiN Lli TER \\1'. .. 1. Ii·I ~
I _ZONE ~ I' SOilS LOIN CATION EXCHANGE CAPACITY.j.I~.~!!.!li;I\>1 - J

AT I RIBUT.... 8 CO l\ PSET E}.' T URF ! t':-::>.;}::::~::::>·l,;}~)}·>::::·:l I I I

PL-ANTSI S E N'Si~l-iV E S;E Ci;811111>1 I i I

HEAVY tv'lETAL LOADING

IMPACTS
CLASS If! S()2 D/\fvlAGE

CLASS! AND II SOl")
I ~:

ACID RAIN
I

~):?({:;~\;jl MORE SUSCEPTIBLE o LESS SUSCEPTIBLE

SUSCEPTf8~LiTY TO Hv'tPACTS IS BASED ON ZONE ATTRiBUTES .. THE TABLE ASSUtViES

THAT 802 DAMAGE ARiSES FROi'!i A S~~ELTER LOCATED \~JITH~N THE ZONE !N QUEST10N

AND THAT ACID RAINFALL IS REGIONAL IN DISTRIBUTiON.



2.9.2e2 Zone 2'-'-i',onej 2 r;h[lres the lwt:urnl ~;llsccptjl)jlity of zone 1. Ag;d.n, t11(\

profelmtly to the. m-lCA, and the cxtrl..'m(~ cmisf;joll c.ontJ.·ol requirements thi S -Y.Tul.l1d

likely place on a smelter all suggest thnt sitJ,ng decisions \\dll mak.c it unlikc.ly

that air pollution will have a ~ajor impact on the veectation and soils of this

zone ..

2.9.2.3 3_~~2-e:._2--Should a smeltf~r be developed \dthin zone 3, the potential of

soil acidification on Elandy out.wash soils is high.. Acidification is most likely

to affect soils of 10\<7 buffering capacity such as those found on conifer stands

\v~th outwash soils .. Overn~in (1972) reports leachtng of nutrients, and Likens

and Bormann (197L~) re.ports reduced forest groHth in Sweden as a result of acidi-

fication. Slovled decomposition, whether from acidification or heavy m{~tal

loading) has the effect of reducing forest grm.,7th •. Such'a reduction has an

especially high impact in areas like zone 3, which contains roughly 20 percent
~

of the young plantation ~nd clearcut within the development zones.

Catalysis of the S02---~ 803 reaction by ferrous particulates could be

'expected to occur in this zone because of the highly developed taconite industry

on its ~'lestern edge. COTnbinE.'d, ~"lth the ecosystem properties discussed above,

the increased rate of acidification may make this zone the most susceptible to

air pollution impacts •

.2.9.2.4 Zo~e 4--Potential impacts of air pollution in zone 4 are similar to

those in zone 3. The proportion of the development zones in plantations and in

taconite operations is comparable for the two zones. Portions of the zone on

II

outwash soils could be especially susceptible to both acidification and l~avy

metalloadfng .. The 0PQl1) discontinuous canopy of much of the upland aspen eTten

within this zone lends itself to a higher natural incidence of the shoestri.ng
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root~r()l fungus (0_~:·~~1}_lI:~.lt:'~J..~~Y.U_~~_l) \·llJicll r i~;t'S in "incIdence \..Then 110st tre:c:;

(a~)pen rtll d p J n C' ) :t r e U 11 d(' r till yeo 11 d j t 1. 0 nor ~1 t r (' !3 S, 1. n c 1u d ingpo11utic:L

2.9.2. 5 ~_?.ne...!.~~·Ahout 20 percent of the soils in zone 5- are likely to be T21G-

Li.vely GuscepU.ble to C}c.ldifieat:Lon and h~i1vy nwUll londi.ng. The proxi:-.litv c.::.~

extent of tacordte opcro.tJons Vlitldn the ~one 1s less than in zones 3 and 4, ::.~::

the probabi 1 i ty of catalys 1 s of the SO 2----~;' S03 re~iC tion by ferrous' par-

ticulates is still high.

2.9.2.6 ZOI~<::-i.--/\lthough soils in zone 6 have a high buffering capacity, tr:eir

thin forest floor layer may make them espec.ially susceptible to heavy-Betal

loading.. At present, this zone is the only pCJrt of the development zones 2;·::-ii-

biting elevated levels of HF, probably associated wi th the presence of a pof,.;2r

plant (Krupa 1917)0 These elevate~ levels suggest the possibility of multiple

effects of pollution from HF and S02~ Although th~2 effeets of this C08-

bination of pollutants on forests similar to 'those of the Study Area are

unknown, their effec.t on vash soils could be especially susceptible to both ~~l-

dification and heavy·metal loading .. The open) discontinuous canopy of r::uch of

the upland aspen area Hi thin this zone lends itself to a higher natural inci-

dence of the shoestring root-rot fungus (Arm!llare.a mellea) \;\lhich rises in inci-

dence \;vhen host trees (aspen and pine) are under any condition of stress,

including po11u~ion.

2.9.2. 7 Zone.2--Zone 7 is underlain predominantly by Nevlfoul1d soils, ¥,1hose thin

forest floor layer makes them especially susceptible to heavy metal loading. In

addition to the effec.t of the soil itself, large portions of the zone "'''ere

burned in the Palo-Uarkham-Aurora fire, which reciuced the litter layer ..

Although the CJcreage of susceptible young conifer plCJntations is less than in

zone 6, 1CJrge DreGS of aspen and birch arc nO\·, beinghllrvested. If these area:;

are converted to pine, the total ac..(e[lg(~ of susceptible species in the zone \d11

be inl~reascd.
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2~c)~3 HJti tjon nnd }~(lcl,lm£'ition

Lf.ttle ca.n be done to rccla-Lrn areas that have been affect-eel by widespread chro-

nic crlr pollution. DcWl.::l.[;C may not eVt~n be visible. but may take the form of

depressed gro\'lth" Liming is only effective In mitiga.ting soil acid1.fication if

it can be mixed into the upper soil horizons. It) therefore, appears that the

best corrcc t:Lve meClsure \\7i tIl regard to air pollution is prevention. Si ting of

smelters awny from young, sensitive conifer plantations and in areas having

soils ui th a high cation exchange capac.i ty can reduce po tentj a1 impac ts. On ti:e

basts of ,the Study's models and literature revieH;} it appears that heavy metal

loading of soils poses the greatest potential threat because of its effect on

forest grov7th. Reduction of the modeled levels of metal particulates emitted

from all sources to 1/5 to 1/10 of the modeled rates could restrict the areal

extent of damage fr'om hea\lY metal loading to the smelter site and its immediate

•
environs. HanClgement of areas immediately adjacent to a smelter for resist'ant

(\-1hi te spruce) or rapid ly regenerati ve specie s (aspen) could reduce the impac t

of accidental fumigations.

In summary; communities 5.n the northe.rn t~vo zones are most susceptible to air

pollution because of properties of their soils and vegetation, but the class I

air quali ty standard s in the m·1CA afford some protec t~on from 8mel ter de\Telop-

ment in zones I-and 20 Zone 3 is the most likely to suffer from air pollution

because of the combination of susceptible soil s and vegetation wi th the presence

of ferrous particulates, which increase the possib:tlity of acidification. Zones

4 through 6 are most likely to see smelter development, if such development

occurs in the Study Area. Zone 6 is most likely to be affected by serious

pollution problems because of eJevated lIP levels from pO\ver plants and proximity

to urban centers.. Of these zones) :~one 4' is the most susceptible to acidifica-
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t.lon and Llndi~;t:lJr1Jcd areGS of ZOlH.~ 6 to heavy 1l1ctal lOi..ldlng'. Zone 7 is prob':lhly

least susc.eptible. AJ though solIs are susceptJblc to hc'ClVy metal lOrJding) they

. have a high cation exchange capacity, communitic's are casily regenerat.ed, and

and in zone 7 ferrous parti.culates are not expectQd to be pres(\nt i.n signific:l1nt

quantities.
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2.10.1 Gener(\l:Dir~clls~;:ion of Stt'QSS

This Sf~C tJon considers the problemEJ Cls~~ociated \vJ. th thE! release of tOKic

materials from tl1C:' by-products of mining and smelting op(:,rations (i .. e.

tailings, \oJD.sterock, lean are, and slag). Although the area affected by pollu-

tants from these materials is not as large as, for example, that Clffected by air

pollutants, seepage problems are important to terrestrial e~osysterns. Impacts

may be either internc.l (i."e. lvithin the ,·;ra::.;te matcrialu themselves) or e-'::ternal

(e .. g .. as might result from the leakage of heavy-metals-c.ontaining ground"later

into l6wland ecosystems). Problems generated by internal factors may initially

be the most obvious, because they pften affect efforts to establish vegetation

on materials that lack an existing plant cover.. In th2se situations, chemic.al

factors interac.t wtth harsh physical environments· to make revegetation dif-

LIcul t.. Leakage problems are perhaps more insidious, hO\,;r2Ver, poth be.cause they

affect aIr-eDdy established ecosystems and because they have the potential for

contaminating much larger areas (as vlhen Ieachates enter aquatic ecosystems).

External se.epage problems arise when Haste materials are loc2.ted in suc.h a Hay

that leachates from them contaminate the surface Haters of low-land ec.osyster1s ..

Bec.ause of the large number of bogs in the Study Area, it is unlikely that large

areas free of lowlands c.an be located and utilized for ~\Jaste disposal. For

example, one storage si te is currently located near a ~'lht te cedar stand 3.dj acent ..

to the Erie Hining Company's Dunka Pit. An examination of leaching problems

associated ,\li th thi s large stockpi I e prov ides an excellent previe,;" of po Bsi ble

situatIons that might arise elsewhere (see Volunlc 3-Chapter 4 for further

details) •
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lIe<1vy-'mct:ll'~conl;dn:Lng lcnchall's VlL"r'C fJ rst ob~~c~rvl.'d here l1t (] grou!1c1\-J;.ttcr r~cC'.p

(Se(~p 3) in 1975. Durinp; the ~;\lll1lfll'r of 197 6, Study personnel \·)ho \-Jere i.nveslj·­

gating the lench.t.ng problem obscrvC'd that: plant life in a bog n!::~3r Selep 3 \'138

unde.rgotng stress. The folingeof several plant species appeared chlorot.ic and

in ill he"Jlth~ During 1977) samples of vt:'lgetation \·/ere tn.ken for chemic-ol ana-­

lysis. Elevated levels of nickel were observed tn the folioge of \vldte cedar,

speckled alder, ~nd sedge. Transects that bisected the area in N-S and E-W

directions ShOhI that ti.ssue levels are highest near the origin of the ground­

water seep (Figures SOa--c). The results of soils analyses in this area also

shm" high nickel values flt sta tions c.lose to the, 8ef~p (Figure Sad). It Rppears

that uptake by soils is l:estricted to the surface layers of the peat, ,·;rhich are

exposed to f10\l7. Uptake is a progressive phenomenon extending concentricaJ 1y

dO\vnstream. from the locus of contamjnation as exchange sites in nearer soils are

. fil~ec1.. Because most bog plants are sha110\>71y rooted, it is probable that they

will be affected mainly by the chemistry of the top 30 em of peat. Foliar

nickel c.oncentrations Here typically 30 to 60 ppm and reached a maximum value of

239, ppm 'for alder at the sampling station closest to the stockpile. Nickel con­

centrations in leaf samples co11ec ted at a control s1 te 500 m away averaged 11

ppm. Foliar analysis for elements other than nickel (eu, 2n, Ca, Mg, and Fe)

sho\oled that only iron occurred at levels that were consistently higher 'at Seep

3. In addition to the tree, shrub, and herb samples, lichens from selected sta­

tions \<lere analyzed for Ph, Fe, eu, S, and Ni content. As l;\rith the higher

plants, only iron and nickel values were higher than background levels (as

reported for lichens by Nieboer et al. 1978, Laurentian University, personal

communicati.on).

167



(,.I (t, t,'
.": 'l' (T) ~'t. 0'> (~

"\;'
0. ('J ? ,""'" 0 t.-\,,~'

I I ! I I "J
r" 0 0 0 (.) t,') I

" CI \A) n iD C:,: (;;1

c->t ~

;g (j, (1) (J) c-i", (fJ 0-
CJ~ I,' ~) 'fit- (') C\I 't-... n
(I, I , I I I I I

'f) 0 () 0 0 0 CJ
~.

(.1) V:> "It tV) N ....

I ("{il \.~'

_.---------~.._--_._-_._'..

....
~

0

UJ -<
UJ c:
a: t-

O X
bJ

0

"UJ
~ (.)

-< ><{

Z I

Z ..J

:J 0
Q

0

y.
UI

(1:hJ
a: -.(

u P
fA.!

0 0
OJ

lI.!:,~

< \--

Z ::c
Z :=
~

0

0 UJ (j) (!) Ct
0 en (Ij Q ('t
0 (? 0> Ct '!:
CD ''It N

(.l;)
1;» ... ~

I I I I I C~0 0 0 0 0 I
0 0 0 0 0 0
0 0 0 0 0
to "'-t c? N ~.

(?) .

l\>_. . --'

."~. .. .......

~;~

w
W
tC 0(,l IIJ

t:1
0 0

(1) Ul I.U
:1": (I)

t~ <r:
"':"'F z

;-~

to~....

(') (l) a.-- v rJI ~.

Cl. (\J ...
o. , I I
::: 0 C) 0
Z 0 t.:} 0

N ....

tf~

(jl

(0 (",~}

,~ ........ I'~'~;:-"

(1"
L ~
\ .'

UJ ""'~'()
Ul '<"~-~

U) (~\

l'~'
f'
r« \

(' ,
(f) r 1 : "'~,J
~~- (")

() ~J
n. *UJ tJ

(j) Lll

Z
(f)

,,:{

0:
l~'

(.t)
:;-~~, ....,
',_1

_J
.. -{ --



T11 e hi g h conc e n lr' B t ion s ()b [) C r ved 1. n t:i s sue .s. Q f p1 <1 n t sat SC t',1 P J s ug g cst t 110. t

nlc'kcl 1.8 the most labile of the elements studied. Copper, I()l: example, is high

in \',1<:1tct' draining fr'Ol1l the stockpile but not in the foli<Jgo This suggests that

copper may be hound by the organic soils of the bog and if:, \\ilavail<1ble to

plants. Altern<.ltively, copper may be absorbed by roots but \lot translocated to

the foliage. In either instance, copper remairts inaccessib]~ to herbivores and

thus does not enter the food chain (although some copper may be taken-up by ani-

mals that ta~e water from the bog). Nickel, by contrast, t~ translocated to the

foliage ~7here concentrations exceed the 50 ppm level that i f1 often considered to

be phytotoxic (Krupa 1977) .. The high nickel content of lic'\~ns) \\Thich receive

few ~dnerals from their substrate, suggests that this elenH~n\.: is cycled in

throughfall" and studies detailed 'in Volume 4-Chapter 1 indtcate that nickel is'

transported beyond Seep 3 and is being concentrated in the ~ediments and

macrophytes of Bob Bay in Birch Lake •

.The studies at Seep 3 do not conclusive.ly prove that nick~~:c_~..§....£.~using the

disease symptom_s observed' in the bog, but foliar c~~tr€tt}~~ns are much higher

than those observed elseHhere in the Study Area~__anUhe r~~c::c~~lts certainly

suggest that nickel is a potentially serious phytotoxjc. poJiutant associated__......':=0- .. ~-_---_- __--_---.-=_ .,,__,_

Nith ~opper-nickel mining wastes" More research into this \iossibility is

clearly warranted and should receive high priority in ~he eVent that an actual

mining development is proposed.

Although other metals do not appear to be causing problefl1s At Seep 3, they might

in situations '·.,1here soils are more acid. The soils of t"ld.~p' cedar bogs are

genercllly Ilutr:ient·-rieh and \vell buffered. Water flowi.ng through the bog h0.8. a

pH of 5.5 to 6" 9 and values in areas wl:r{\xC' heavy IllQtals eoni.::entrations are

highest are 6,,0 or higher.. Thus, thQ acid-ml2tal internctiQI1 discussed earltt... r
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docs not appear to pref;cnt problcm[~ for pl~lt1h)" H:.Uly bogs tn the Study I\r'ca arc'

much more dcld, ho\./ever) vr:lth ~:()ilCl of the Gr(:em,lOocJ soil series 'hdving values

'of 4.0 to 5.0" If acid bogs received hr:.avy-metdl->cont:nnd.nat(~d runoff, adcli--

tional problems might arise. Host metals are more labile under clc.id condittons,

and the greater availabili.ty of heavy rnetdls could cOinbinc vrith higher ac.idity

to prod uc e a rno re tox ic chern ic a1 cnv 1. 1'0 nmen t G _~~~-!:J?.-l_~~Z_.!-~P re~.~!.: t m~._~~9~~P 1. e

~~he_)e as t s IIseep ~ i b1e t yp (? 0 f__~~_1J;..a n.1L__~!1d"_!"~2~_!_C s ~~L!_~_ pyo. s e 11 t e c1_c:b0 v e~0'1 0~l:i

be aP..E.~ed vj.:....th c au tion to other ()rE~~:~~_..§.~nc.e t!:l.~e m~h~~~:_~ffr::.£tecl...mo~:

_drastically by seepage f.Eom s~~l::.pil~~~

Waste pile seepage will be primarily a post-operational problem because during

operation seepage can be collected and recycledo Once the mill is shut dm·m,

there is no longer a use for this contaminated ,vate.r ciDd it vJould either become

a non-point source of water pollution, be treated, or" some method found to e11-­

minate the discharge altogether (no methods to eliminate 8uc.hvmste are pre­

sently known)"

2.10.2 Susc.eptibility of Development Zones

As is the case 'vi th direc t land use) veeetation damage caused by seepage is

expected to be restricted to the development zones. Because of the proximity of

the RHeA, seepage of toxic materials is of greatest concern in zone 1, but is

generally of concern in all areas north of the Laurentian Divide (zones 1, 2, 3,

and part of 4). Soils of these zones gen(~ral1y have 10v7e.r cation exchange capn­

cities and less ability to bind any metals being transported in surface runoff

from uplands to wetlands.

Flo\-l j s generally conf! ned to the top hal f--meter of peat) but BC tunl depths Here

not meC181lred for \110tlands of various types in different geographic flreas. Unl~il
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may occur from zone to zone.. It is likely t.hat visthle veg,,-,·tation cLJ'n.::\?C' ~ril1

c.over lArger arec18 :In ~',7etl(]tlds \vith ~,hallo~ver flov! bec8u~3e soils Hill b:::cG,I':::

saturated more rapidly nt grco.ter distances from the source. Sitf'-~specific

studies of indivjdu.:ll. \'lctlandf) should be undertaken before potentially to:-:ic

materials are stockpiled or disposed of in their vjcinitYn

2.11 IMPACTS OF N~ISE

2.11.1 General Discussion of Stress

The impacts of noiE;e pollution on Ylilcllife are largely uninvestieated. C3.s;.la:

observations by field biologists suggest that individuRl ~nimals and different

spedies vary in their susceptibility to noise. Possible impacts of noise.

i ncl ude physic a1 d arnBee to hearing organs> behavioral changes ranginp, fro~

changed land-use patterns to desertion of long-term nesting sites, physiologi,::a.l

stresses, and reduced reproductive capacities.. Until more data are availDble

for wildlife, inferences must be based on studies of laboratory and fann cai-

mals ..

Animn1s differ in t11Ci1" abilities to perceive sound as pitch, volurne, and t;)ne..

The frequency ranges of most animals are largely unkno'i·m.. Caution must be e::':2'r-

cised in extrapolating the results of studies from one species to another.

Effects of noise have been monitored by strnctural changes in car anatomy,

siological changes, and behavioral changes.. Host studies on laboratory ,2tlli";:cUS

have expos<.:'d th(21H to stlmuli at sound re levels (in decibels) <.md frn~

durations greater t11L1Il \'J(lulJ norm3l1y be encountered by.animals in nature eVt.'.1

in industrial DreGS.
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"Both gui n(~(l pigs <mel chLn1'1111] as It.:tvc c~;,~hlbj teel d':'~lnnr';C' to t1Jc':JlIdi lory systelll in

experiments involving exposure to sound fll.c[;f';ure lCVt~ls of 100 decihels or

g-reater. Tkcausc intensc nojsf~ is l'C'gorded as a stre~:;sfuJ stimul\1G) several

studies have bc~en directed to\.<lflrcl the ;:ldrcllol system.. [xp()~:.ure to very sever.e

noise stress can resul t in dccrcDsi.:d [ldrE~n[ll ae ti vi ty and p;) thology in otlH:~r

organs influenced by adrenal activity. Because thc reproductive organs are

directly influenced by secretions from the 3dr.enal glc:mc1, (j)) important concern

is the detrimentD.I impac t noise pollution may have on an animal's reprouuc tive

biology~ At present, the results of lmmerous studies suggest that sexual beha­

vior of laboratory cmd farm animals is not adversely affected by noise; but

mice, rahhits, and rats have exhibited abnormalities of the reproductive organs

or· decreased success of pregnancy related to noise stress (Zordic 1959; Zondik

and Isachar 1964; Singh and Rao 1970; Ishii and Yokobori 1960; Hard, Barletta,

and Kay 1970). The noises to v:hich these test ani.mals 't'Iere exposed were more

continuous than any that small mammals could be expec tt~d to c~'{perlence even. at

the site of a mining operation (e.g~ continuous ringing of a bell for 8 hours a

day, for! to 21 days) 0 Hm'lever, the lO\<ler threshold at Vlhich stich damage might

occur has not been investigated and the possibility of such stresses to animals

with smail home ranges very near industrial operations cannot be precluded.

Host experiments ,,,i th agricul tural animal sand 'vildlife have suggested that ani·­

mals ~oon adapt to persistent noises in their environment. HOVlever, there are

circumstances in v..~hich interruptive noises may interfere "~l th key circumstanc.es

:tn the animnl' s life cycle... For example, nesting terns and condors have been

8hoHn to desert their nests temporarily \oJhen disturbed by sonic booms, blasting,

or traffic (Graham 1970; Shaw 1970). Behavior of individual species cannot be

predictE'd, for in another study on noi:;;e pollution l1nc1 avian reproduction~ Te(~r

171



and Truett. (1973) "!ere llll~lh]c to d(:monstr':l~e. that <my phru;(', of the reproducLi,vc-'

eyel!? or: ~lild birds \·las advcrsf>ly 'Jffectec1 by noise •

. Nest sl tes of b.:l1d e.1g1es '::llld ospreys tn the Study Area lie nC><lf the zone of

mineralization (Figure' 35) LInd the pOGsibJltty of disturbance of these nests by

noise should. be considered.. A secondary impact of increased ml.ning in the Study

Area is associated with projected increases in human population. Recent

research has documented the effects of snO\'1ITlObiles on white-tailed deer and

suggests that even though the overt behavior of the animals may not change

(Bollingcir, Rongstad, Soom, and Ecstein 1973), their heart rate may increase

from the nOLTIal 30 to 40 beats to 300 beats per minute (Karns 1971', ~mNR, per-­

sonal communication)" Studies in St. Croix State Park (Huff and Savage 1972)

have shoHn that deer leave the c.onifer cover type 'Hhere heat los's is less and

move to the more expo sed hardwood type when sno';vlTIobile ae ti vi ty is high.

Activities related to mining are likely to create continuous noises (hauling

trucks, ventilating fans), interrupted nois'e at infrequent intervals '(train

whistles, sirens, blasting) and persistent interrupted noises (back-up warning

,,,histles),, No studies are available that consider the potential impac t of these

noises on \vildlife. \Hthin the Study Area, wolves observed within 10 km of open

pits responded to sirens by howling back. Logging operations have occurred

within 1 km of an active eagle nest, and deer, moose, and wolves have been

obser\"ed \'lithin 1 km of the pellet plant at the Erie Hi.ning Company (Dickenson

1978, Barr Engineering, personal communication).

Because the. impAc. t s of no i se on animal s are unkno\vn, the bt~st llay to assure th<.1 t

no impact is perceived by target species (such as eagles and ospreys) is to

leave a buffer zone het\'lcen mining operattoHs nnd target animal-use areas.
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A sou.nd propdgntion mode] dc:v('l()p(~d for the HegionaJ Study (Volume 3'-Chaptcr 5)

can be w3ecl to anti.cJpate the distances required before mining noises Hill be

completely impCTceptibJ e to the human ear.. These distHnces vary \vi th the Jd.nd

of noise being generated and the vegetation type in the vicinity of the rccQiveY'.

Wind levels and noise propagation within vegetation types vary seasonally.

For ex Cl!i1 pIe , pl.-enperational noises are expected to resemble logging noisf~s and

are modeled to be perceptible at a distance of 7 km in red pine but 3.8 km in

birch. The distances at which an under8YOand mining operation can be heard 2.re

less than for an Open pi t., It is anticipated that if ventilating fans are pro--

vided with noise barriers, noises from underground mines will be heard to a

distance of 5 km. Similar distances are projected for interrupted noises such

as railroad "lhistles (4 km) and back-up \\larning .signals (5 km) fI Hildlife in th2

I

area is already exposed ~o these noises from the taconite industry.. The unkno'Hn

impacts on nesting eagles and osprey are most likely to affect development in

zones 1 and 2, ·which are the furthest from existing mining operations 0

·Blasting, the noise most likely to affect birds, was not considered in the

Regional Study's model.

2.11.2 Suscep~ibility of Zones to Noise

Of the four anticipated impacts on terrestrial ecosystems, only noise is likely

to produce impacts that extend throughout much .of the Study Area. In additi.on

to increased noise levels related directly to mining, \vhich Fill affect mainly

the development zones, it is likely that the general noise level outside these

zones \vill ·increase. Elevated noise levels may be expected wherever increast~d

densities of residences, traffic., or recreatIon are. projecte.d. Such noise

.levels may affect the distribution of animal populations, particularly of those

nnirrial s mO'n~ shy of hUll1.111S sueh [}i) \Volves and boreal nnimn13.
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neCDl1~~;C of the hIgher proportion of conj[e~' ,stnllds [lnd the .presence of engle ~1I1c1

ospr(,y rw:.;ts in zones.1 Dnd 2~ LlS \\7011 ;]8 the relatJvc' J.solation of thcf;e ;]l'('~lf;

nt pr(l~;cnt, the impnets of mining-related nois(~D can be expected to he somchl hnt

gr(~Htor in these zoncs. Noise impacts dtrecLly related to mininG ~An be

expected to decrease soutln,Jarc1 as deciduous fOr:CHts become more dominant l1nd

sensitive anim~s decrease in abundance.
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2.12.1 Gcnc~rol TJi ~T\IS~-d on of I (1(' t8

Seven terrestrial biology dJvis:I.on~) (figure 115D-g) \vcre generat~d by cll:s~er·

lysis of watersheds basel! C?O sJndl.ari tics in dominant vegetation and soils ..

Insofar os any given impact affects factors directly related to vegetation nc~

soils) its effect can be expected t.o he s:bn:ilClr throughoLlt a division.. Direct

fumigation, <;lcid precipitation, [JnQ direct removal of vegetation types l:scd

habitat-specific animals are examples of impac.ts that should influence ci':is:Lor,s

as units. Because each division consists of a mosaic of vegetation ana s:Jlls,

just as de tailed as those illustrated in Figures 34 through lt4 for the c2-,.:e1.:-p­

ment zones) differences in susceptibility can be expected v7ith1n divisicrls ..

Comparisons between divisions are made on the basis of broad scale vegetatio~

and ~soil ch3.racter-istics. Threfl sets of factors are involved in the aSSE:SS::l2-::t

of potential impacts within these areas: habitat compo~ents (e.g. speci~s of

animals, rare plants), potential impacts, and the probability of impacts

occuring 1;'lhere the components are susceptible.

"Susceptibility" can be interpreted either as the effect on a component ~rrthin a

division or as the ·overal1 effect thnt impact vli thin a division vlOuld h2-./e CU a

component in the Study Arc;:.l as a 1;-lhole.· The difference betT"reen these r..;-a

interpretations is exemplified by consideration of deer susceptibility- of

Division 1. Within the division there are fc\V deer, they are highly cor:­

centrated geographically, and they are under heavy predation pressure. Acti\'~e

mining Hi thin their \vintering area could eliminate them from the divisio:1, but

the effee t on the d'.:~er population \<71 thin the Study Area as a \.1ho1e would be

slight. For the purposes of this repo':t
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] a t t err; l' n ~] e • 1\ PCJ Pu1 a t1 0 n :I. s sus (', e p t 1h 1. e 1. n a d i v J s Ion 1. f i] n :I Tn p.J C tin t h n t

division may sIgnificantly affec.t tlw numher of individuals or prCfjCnCe of the

spec.les \\1i thin thCl Stlldy Area as a \vhole.

Although some c:mim31s are habitat-specific (e.g, marten, fisher, otter), others

may range over several habitat types or may prefer a single habttat but are

loc.ated uithin that habitat. on the basis o,f behavioral ~md social traditions.

For example, deer summer-use areas are closely linked to their wintering areas.

Some. available summer habitat may remain unused because it has not been used

previousl.y. Halves provide an even better example of the influence of social

patterns on h8.bitat use. Territories are defended and used year after year.

Indi,vidual \,wlves do not generally change pncks or use the territories of other

packs for hunting. Dispossessed Halves are generally more vulnerable because

they may be forced into area;':) of loV! prey densi ty or become involved in int.cr-

'pack rivalries. Known territories of 'Nolves in the Study Area do not

necessarily coincide with the boundaries of the seven terrestrial impact divi­

sions.. Distributions of several other animals vary geographically in vlays that

do hot coincide "'lith boundaries of divisions. For this renson several of the

divisions have' been subdivided along watershed boundaries to faefli tate analysi s

of impacts on animal populations.

Hithin any division, impacts will only affect components such as animal species t

rare plants and rare habitats where the impacts and c.omponents eo-occur. Thus,

although otters may be susceptible in division 2, they vJill only be affected by

direct mining acti.vjties that take place \vithin their preferred riverine h3bltat

(preferred habitats of animal species were presented in Tabl~s 2) 3, and 4 and

are discussed in g~ction 2.4). All components will be affected by direct mining

within their preferred hab.J.tat. Rare plants and habitats w:i.ll probably only he
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i n f 1 LI C n(' cd by acute ...-Ii r pol III t jon d nlll ng (~ an ~1 . f) C (' P.:l g eve r y 1H.' 3 r a Sll1 cIte r () r roc k

piles. TllO~.;0 ~)t a distAnce woulcl probi.lhly l'C'm~in unaffectccL Effects of ~ic:id

precipitatIon on components such as l'<.lre h3bita'ts are difficult to assess.

Cedar bogs should be no more suscC'ptible to the effects of acJd precipitation

than other terrestrial communities. Those components that are directly depen--

dent on aquatic food sources such as fish and ~acrophytes may be affected by

acid precipitation. Decreases in otter populations could be expected to

parallel decreases in total numbers of fish (regardless of species). Preferred

moose foods (but'-reed, vli.ld rice, and Hater lily) are most common in \Vaters 'Hi th

pH value of 7-8,8 (Hoyle 1945) and can be e.xpected to become less avajlable as

waters decrease in alkalinity. Species such as 1;volf and lynx tend to avoid cen-
I

ters of human population and their. distribution wi thin the area could be al tered

by changing settlement patterns. Others, such as bear and deer are attracteJ to

~
settlements (because of dumps, gardens, and openings). For bear this attr~ction

creates a greater risk of being shot. For deer it establishes use patterns near

roads, where they may be more susceptible to hunting. Table 13 is a synopsis of

the impacts that could affect each component.

The probability that an impact will occur \dthin a given division depends on the

location of neH mining operations and settlement patterns. The matrix presented

in Table 27 is based on models. developed by the Regional Study. Assumptions

"rere the same as those used in the preparation of Table 20. Hining ac'tivities

were assumed to be most likely in those areas \·,here the mineral resource is

greate1=:t. FollO\ving thi 8 assumption, projected resIdential settlement patteri1s

to accompany mining development in zones 1-5 were used to assess the probability

of increased human populations (see Volume S-Chapter 7 for projected settlement

patterns)" Popul.ntions ar.e likely to concentrate in divis1.ons 1. 7A,. and 6B
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[0110\.,1 the COllstrn1.nts discussed in S(~cUOI1 2.9.2 Clnd presented in cleLaJl i:1

Volume ]-ChClpter .3. It \>las, then~f()rc) :l~·;.sul1led. that: a smelter could be loC:dtc~d

nD)'1,.,1here throughout or ol1tside of the Study Area C'x.ccpt 1n divisions 1 and 7/\

(because of Class I nir standards). Because visible effects of air pollution O~

vegetation ore only expected to OCCllr during breakc101\TD conditions and near a

smelter, there is a possi.bili.ty that such damage could occnr \·rltldn any of th~~

other divj.sions in the event that a smel ter is located nearby. If develop:-nents

occur in areas other than those used in the models, such as a smelter located

outside of the dev~lopment zones, different divisions may be influenced~

Regardless of where developme.nt occurs, susceptibilities of c.omponents and h:!'~.\i-

tats to given impacts should be similar to those presented in Table 13.

l ' hI:' '>7a~ e -t...

2.12.2 Susceptibility of Divisions (see Table 18 and Figure 45)

"Division ~ contains a large Dumber of susceptible components related to tlle

boreal for~st ecosystem which are present in the conifer~dominated, thin-soiled

portions of division 1. The black spruce-jack pine upland community is present

in this divtsion and division 2 but rare else'where \<1i thin the Study Area. This

division ·is especially important for the eastern timber vvolf and contains

several known eagle' and osprey nestso The division contains area used in

several long term research projects including a fire ecology study and terri-

tories of several wolf pac.ks being studj.ed by radio telemetry. The Keeley Creel(

Research Natural Area, a uSPS administrative unit, provides undisturbed stands

of aspen-birch and hlack spruc.e-jack pine of value to stude.nts of natural ~..;uc-

cession.
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IlilP,1CtS \dthin the dJvision nre most lihely to lw tho;:(2 directly Llssoeialcd ·..;i

mining, ol)~~r;Jtlons. The si.ngle most important factor would prou.:1bly be d.:ircct

habi tat loss~ Seepage from w(]sterock and IeaIl ore piles '1l11lY b·:, co:nplicdLI.."J b]

the fact that most wetlollds in the division drain directly or indirectly into

the WlJCA, 'Hhich is n unique wilderness nrea of considerable national importcmce:.

lL!.yisioll_t. lies mninly in the Q)mplcx Horaine province and Toimi Drumlin Fields"

Uplands in division 2 are dominated by aspen-birch and by ,coni-fer stands a Alor;;

the moraines nearly pure aspen-birch communities domtnate, vihereas to the east

and betvleen morainQs, mixed communities and 30 to Ll-O'-year-ol<;1 conifer p12::­

tations are corillflon. Large port.ions of the ~vestern part of division 2 have bec:a

recently cut as part of the Baird Sale.. Animals of the divj.sion are siGiIar to

those of division 1, with wolf populations decreasing soutmvardQ. If mining is

confined to the development zones, division 2 would not be subject to direct

habi tat 10S8.. In the event that tbe Dunka outwash area was judged hyd rolog,i­

cally unfit to contain stockpiles or tailings basins) these dir~ct uses night

easily be placed in division 2, resulting in loss of plantation and deciduous

habi tat. Chronic effec ts of air pollution could be cxpec ted to be enhanced hl

areas immediately surrounding the Stony River because of the open and less

vigorous nature of the aspen stands. Divisi.on 2 contains a high proportion of

shoreline of small streams sui table for otter and beaver. Such streams wight be

especially subject to acidification from regional sources and a smelter in de\'e­

lopmen t zone 3.

Divisions 3~~~ci.-~~ Ij.e almost entirely in areas very likely to receive direct

impacts from mines, stockptles) and tailings basins. In addition to a gre.at

deal of habitat loss, impacts f~om a smelter could be expected to include both

chronic and iJCute injuries. Division 3A 'lies \<71 thin development zones 3 and /~
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(Fj gun~s flO (jJ1il !,]) and contnin~; <1 hl["lw.r proportion of hot.h upl:JTlo ('md lC)l.>!land

conifers l:h.qn Divlsion 111\. Upland conifers conS_lst of jack and red pi-ne stancl~~

n(~()r maturi ty and plantnt-ions bet\-!i::~cl1 the Age of 1 and 30 years. Young pl<lT)-

tations C<Jt1 he exp2cted to rench their most susceptible growth period during the

lifetime of a :--:mclter (30-40 ye()l's)~ Hetlands vary from ash and ced()r to mL{ed,

tamarack and spruce bogs, all within the. bed of Glacial Lake Dunka. ·The

underlying outTc'JLi.?h makes these communities especially susceptible to seep<:lge

from stockpiles~ Division 4A includes a higher proportion of Nevlfol1nd~-Ne\'7follnd

soils than 3A, suggesting that upland soils in llA may be marc susceptible to

long-term heavy metal loading than uplands in Division 3A. Vegetation of 4A

consists in large part of mixed deciduous and aspen uplands and very young plan-

.
tations that \<1111 reach their most susceptible rapidly gro~'Jing stage during the

expected lifetime of a copper-ntckc.\l industry" Hildlife values of division LIA.

are :probably Imver than allY\olhere el se in the Study Area. The divisfon contains

a higher proportion of knOlvn cedar eommunities than most, including an area of

upland ced ar eas t of (',olyin Creek.

Division 3B is dominated by deciduous forests and agricultural lands. The divi~

sian could bQ expected to receive indirect impacts from the mining industry,

such as long-term chronic. injury to vegetation if a smel tel' is located in deve-

lopment zone 5 or 6. Secondary effects of increased human population Vlould pro-

bably result in greater conflicts betHeen bears and humans and increased

visibility of deer.

Div:lsion 5, lying along the upper reaches of the St. Louis River and c..xtending

north of Seven_Beaver Lake into the watershed of the North River, is not a homo-

gen£'()US unt t. From south of Hoyt takes to just west of Seven Beaver Lake the

dhdslon is characterized by aspen-birch upland~i on soils with thin litter

,1 gO



lo.ycrs but hIgh c<Jt:i.on cxch;)ng(~ c(-}p~JcI.ljcs" ~1inJng in dcvl2J.opmcnt zones 6 ,-!l\d 7

eould easily result :i.n lJabit3t loss, SCCIEl.gc, and noise impac.t!') in the \v(;~st:('rn

hal f of divi slon 5. A f:;mcl ter locat0d. in tho. s':~lne develop:l1cl1t :~on<~s could pro-'

ducc acute vegetation damage near thE~ smel tc:r) chronic dam':llSe throughoLlt tLe

western half of the division, and heavy metal loading on the upland soils.

Hatenvays of the division are prime Ylaterfo'ivl habi.tat, the best such area sur-~

veyed by the Copper-·Nickel Study. Tb(:: value of the slohT-moving streams and the

Sand Lake-'Seven Beaver area fa r lIla terfoHI could be red ueed by ae id rainfall.

The easte~:n part of the dJvision is characterized by a complex of conifer and

open wetlands. Organic soils of these 'l;'72tlands should have a greater capD.c.ity

to b~nd heavy metals.· Changes in rainfall chemistry might be expected to change

the appearanc.e of the bog landscape 'l;~lere vegetation patterns reflect patterns

of nutrient distribution in tho. \·mterflmv of the l)og. Hetlands in the northeast

tpart of the division are the most extensive ombrotrophic bogs in the Study hrea~

The chemistry of such bog waters is more dependent on rainfall than on runoff

from nearby uplands" Such 'i;vetlands could be expected to respond differently to

altered atmospheric chemistry than other smaller more minerotrophic l-vetlands.

pivi~on_. 6A lies in the southwest portion of the Study Area and is generally

dominated by deciduous forests, \\lith scatterings of agricultural lands and

conifer plantations" The assemblage of animals in the division is generally

that of northern Hinnesota conifer-deciduous forests including deer, vlOodcoc.k,

bobcat, beaver, and waterfowlo Influences from copper-nickel mining in the

division would probably be restricted to secondary developments along transpor-

tation corridors <.H1d incre.:u:;cd hunting pressures. .!?ivis~_~~ lies south and

west of the zone of potential copper-nickel mines. Flor.a and fauna are similar

to those of divisJon 6A, but the area includes most of the ClGric.ul tural land of
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openirJgr;~ ~:uch <18 'voodcock ..mel dc~cr, can he eX/l,~·ctl~\.l to persist In division 6L

even \,,11 th the fLll"th(~r growth or hut110Tl poplllat-lons that 111<:1y resul t: [rorn mini;!~;

Direct il;lpncts of copPl-~r-nickel l~lining \'loulcl not 'affect thi.s divisiono C1C3Y

soils of division 6n should, be less affected by hC'(}vy mc:tal loaciing than other

soils vTJthin the area.

D~"yisi9n~_ 4B and 6C are dominated by deciduous forest cotl1f!lun:ities in the Toir.:i

Drlunlin Field. Animals are more similar to those in divisions 6A a.nd 6B than

division 2. Hoose populations \d thin the Study Area inc.rease from vlest to C2.st>

resulting in hig1Jer POpulRtiollS in div'ision 6C than in 6A or 6B.. Soils of these

divj;sions include high proportions of Ne\Vfound soil, \vhich has a low litter:

v.reight and is susceptible to heavy' metal loading" In addition to this soil fac-

tor, the topography of the area could result in a pattern of differenti3.1 pQllu-

I

'tio~ damage to vegetation wi th the \\Test sides of drumlins developing damage

symptoms. Division 4 might experience direct habitat loss, wheteas ~apacts in

divisiQn 6C can be expected to be minimal.

Division 7~, in the northwest part of the Study Area, is similar to division 1

in its flora and fauna but includes mor'2 miles of shoreline, providing more

habitat for otter, beaver, and waterfo\ill. Aside from the region-v..~ide influence

of acid precipi.tation, potential impacts of copper-nickel development \,Jithin t~1~

division can be expected to arise mainly from secondary develo~ment. Increased

populations could affect the two known wolf territories in the division as well

as attracting bear and deer into areas where they are likely to come into

conflict \\1ith people .. Although the plant communities of dj.vision 7R are similar

to those in 7A and 1, densities of deer are higher and those of bear are lower

than in the other northern divisions. The division Is considered "suscept:Lblc"
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for 'rare. plants beC.:lllSC a large nUll1bel~ or hcrboriufI1 rc;cords' for rare pl<:mts,

c 011 c c ted \d t h j ntheSt ud y 1\rea) a r l~ c c. n t erecl arOll ncl Ve rm :1. 1110 11 Lak C' .. Ex c e p t

. for the regional effect of Geid prpcipitation, Jmpacts frorncopper-nic.k~d mining

in division 7 \vould prob£lbly be minimal.

2. 13 POST SCRIPT

There are ~any uncounted costs to the terrestrial ecosystem that are not usually

part of the eClst-benefit analysis used to make development decisions. Some of

these unc.ounted costs are expressed in the follmdng discussion by Aldo Leopold

,
One basic weakness in a conservation system based wh61ly on economic

motives 'is that most members of the land corllftlunity have no economic

v·alue. Hildflowers and songbirds are examples. Of the 22,000 higher

plants and animals native to Hisconsin, it is doubtful whether more

than 5 percent can be sold, fed) eaten,·or otherwise put to economic

use •. Ye t these creatures are members of the bio tic communi ty, and if

(as I believe) its stabili~y depends on its integrity, they are

entitled to continuance.

When one of these non-economic c.ategories is threatened, and if "Ie hClp-

pen to love it, we invent subterfuges to give it economic importance.

At the beginning of the century songbirds \vcre supposed to be disap-

pearing. Ornithologists jumped to the rescue ~'i th some distinctly

shaky evidence to the effect that insects \\'ould eat us up if birds

failed to control them. The evidence had to be economic in order to be

v alld.
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It i~; pDin[ul to rC;ld LllC'se clrctll'docuLlonf, tOODY_ \~C:' have no lano

ethic yet, hut vJt:' hav(' nt least dr;n·m ncarl.~r the point of admitting

tlw.t birds f;}IOUld contJ\1lw. [lS .:1 mnttC>f of btotic riijht, regardless of

the presence or absence of economlc Cldvantnge to us.".

~oml2 .spl'cics of trees l1r.lve heen 'read out of tl1E' pDrty' by economics­

mi.nded foresters because they groVl too 810\,,1y, or llClve too Io\-! a sale

value to pay as timber crops: 'ldh:tte cedar, tamarack, cypress, beech,

and hel!llock are eX2mples" In Europe, Hher'e forestry is <.?cologicaly

more ~dvBnced, the non-commercial tree species are recognIzed as mem-­

bers of the native forest communi.ty, to be preserved as sueh, \·rlthin

~ea80ng Moreover, some (like beech) have been found to have a valuable

functi.on in building up soil fertility. The interdependenc.e,of the

forest and its constituent tree species, ground flora, and fauna is

taken for granted.

Lack of economic value is sometimes a character not only of species or

groups, but of entire biotic communities: marshes, bogs, dunes, and

"deserts" -are examples. Our formula in such cases is to relegate their

conservation to government as refugc~, monuments, or parks. The dif­

ficulty is that these comf!lunitics are usually interspersed ~dth more

valuable private lands; the government cannot possi~ly own or control

s~ch scattered parccls Q The net effect is that we have relegated some

of them to ultimate extinction over large areas. If the pr:1.vate o~'mcr

were ecologically mind.ed, he would be proud to be the custodian of a

reasonable proportion of such areas, which add diversity and beauty to

hi. s f ~1rm and to hi s commlln 1. ty _
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has proved to bc '''tong) but only DEter most of tlwm klc1 hcC'n done m.,8Y

wi th•••

The ecosystem charactcri?:ation provic.h:d by this report £;hould 1lelp identi.fy some.

of the elements of non-'economic va.lue in the Study Area and potcnUal impacts

discussed in this. cho.pter of the report shou.ld aid In making decisions before

some of these areas are lost for generations.
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