


























































































































































































































































































































































































































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-
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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.
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'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
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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).
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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
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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.

174



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
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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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