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ABSTRACT
h A study was made of the vascular . p]ant f]oras and natural
\: vegetat1on on " abandoned coa] m1ne spoil- heaps in the Rocky Mountawn
9 _

Footh111s of west central A]berta The maJor obJect1ves were: 1) to

document and compare the - vascu]ar plant f]ora5vof the six maJor abandon-

'.'ed coal mines in the centra] foothills; 2) to. descr1be and compare the .

Y
vascu]ar p]ant commun1t1es on two of the m1nes1tes, and 3). to eva]uate

and compare the effects of edaph1c and topographic factors»on total
plant cover, specieé richness, and Species abundance‘dn:the two
intens;ve1y studied mine;iees.'_TWO subaﬂpine ninesites in the Mountain \
Park regidn‘were chQSen for the intensive stud}. \

A total of 245 vascular p]ant‘snecies were found on the six

o

abandoned mineeitES.d'The 1ergest plant Fehilies were Composdtae‘(43
‘species); Granineae:(35) Leguminosae (24)' Roeaeeae (19), and
Cyperaceae (19) The f]ora cons1sts of 206 nat1Ve and 39 1ntroduced
species. Introduced species are more numerous on the lower elevat1on
study'sjtes and on.s1tes which are. {or were) in close proximity ng
human sett]ements | | )

Comparisons among the six minesite f1oras indicate that they B
are neither high1y similar, nor highly dissimilar to one another. .
| Floristic similarity between the sites generally increased with
prox1m1ty in e]evat1on | ‘

The vegetation of the two 1ntens1ve]y studied minesites in
the Mounta1n Park region cons1sts of sparse, mostly herbaceous p]ant

conmun1t1es dom1nated by perennial grasses and forbs. Tota] p1ant cover

is Tow (usually <15%) and isolated plants are common. ~Seven plant

jv



commdnity typesAWere ;eCogniéed?_based largely on floristic criteria.

Véfiatﬁon41n spoil properties appears to sfpong]y influence:
plant distribution on both 1nten§ivé study sites. Toté] plant cover,
speqies‘rifhness; and spec{es'abundénCe were &orre]ated with.eéaph%c
factors on both sites. ‘0% the 19 variables measured, correlations were
highest with fine.earth content (% <2 mm) on the Mounta1n Park Towns1te
~and with clay content on tharMounta1n Park West Mine.

S]ope pos1t1oﬁ;strbngly 1nf]uences plant d1str1but1on on the
[two intensive study sites. Total plant cover, species richngss, and the
abundance of mos£ species a?elhighqgﬁ at the slope base and lowest at
the upper-s1o§e, mfd-s]ope,‘and/or crest pbsitions.

'.ThéﬁtwovintenSive Study,sjtes havé no plant communities in

common and their f]oréé have a similarity of only 57% (S¢renseﬁ;s

coefffcient'of community). Since they are only 1.2 km apart, differ ca.

30'm in elevation, and have been abandoned for the same length of time

(ca. 26 years in 1976), these differepces are considered significant.

Comparisons were made between the two sites based on geographic

"(includes foﬂographic)‘ biotics climatic, edaph;c, and pyric facters.
The major d1fferences were in 1) edapl gvfactors, 2)'f1oras of the

surraunding areas, and 3) size of th minesites, suggést%gg that these
factbrs\are most important in contro]Ting.the,floriétic and édmmunity

differences between the two sites. ///
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INTRODUCTION -
A

The Rocky Mountains and Foothills of Alberta cover an area of
54,000,km?, with recoverable coal seams underlying 4,900 km? (Alberta
Enérgy Resources Conservation Board 1979). An estimated 31.5 km? of
land had been dfsturbed by coal mining prior to 1978'(Thirgood
1978). With increasing world demand for Alberta's low-sulfur coals,
Cthe pbtentiél-for future land disturbance 1n'thi$.region;is great.

_ The Alberta Government requires mining companies to reclaim
any lands disturbed by mining:
“Land reclamation will include the contouring of the mined
or disturbed lands, the replacement of the top soil,
revegetation for soil stabilization, biological productivity
and appearance, and suitable maintenance of the vegetation

or, where appropriate, the conversion of the land to
“ agricultural or other desirable use" :

(A]berta'Department of Energy and Natura]sRegburces 1976).

While there is a 1afgé and‘growjng body of 1iteraturé on
reclamation techniques, materials, and'equipment thét is're1evant to
A]Qérta (see Sims_1979); very little has beén pub]%shed on the natural
réovery of mined lands in Alberta. Root (1976) described the physicé]
~environment and more briefly the natural vegetation of an_abandonéd coél'
strip mine in the foothills near Cadomin. Schumacher et al. (1977)
inyestigated p1ant-succe§sionkon abandoned coal mfned land in the aspen
'(Pbpulus tremyloides*) park]and region of_cenffa]fAWberta.l
“ Studies of natura] revegetation-Of minéd lands elsewhere in
western North America have been made in: .SEVSaskatchewan (Jonescu

1979); British Columbia (Errington 1975, Meidinger 1979); Ndrthwest

*Vascular plant nomenclature follows Moss (1959).

1



/

Territories (Taylor 1976);\North Dakofa»(Wa]i ana Freemén 1973, Wali
1980); Montana (Sindelar 1979); Utah (Alvarez et al. 1974); New Mexico
(Wagner et al. 1978); lowa (Glenn-Lewin 1979); and Minnesota (Leisman
1957). Becent]nyWa1i (1980) has reviewed the literature on succession

¢

on mined lands.
Sfudy Objectives
. | . .

This study was conducted during the summers of 1975 and 1976
and included a floristic survey of six abandoned coal mines in the foot-
hills and a more intensive investigation of the natural vegetatibn‘on’

| tWo of the mihgsites.' The major research objectives weref
s 1) to document ‘and compare the vascﬁ1ar plant floras of the
six major abandoned coal mines in the\centra] foothills of A]berta;\
. 2) to describe and compare the vascular plant comhunities.
on two of the minesites; ahd i

3) to evaluate and compare the effecfs’of_edaphic and topo-
graphic factors on total plant cover, species richness, and sbecies
abundance on the two intensively studied minesites. : | |

| Two abandoned minesites in the Mountain Park region were
chbsen for the intensive study. PreTiminary 6bsérvations’in 1975
+indicated that plant distribution on these sitesvvaries with edaphic //
factor§ and slope position. Therefore,'the environmental portion offﬁ

the intensive study concentrated -on these factors.

Definition .of Terms

[

Some terms used commonly throughout the thesis are defined

here.



‘Natural revegetation' is defined as the plant community
formation brocess that occurs without subsidy by man, 7.e. without
application of seed,}ferti1izér, mu1ch or other amendments. When Begun
on substrates” that had never before stporteH any vegetation, e.g. most
spoil maféria1s in this study, inatural revegetation' is synonymous
-‘w1th 'primary succession' | |
'Overburden des1gnates materials of any naéhre conso]1dated
or unconsbt1dated that overlie a depos1t of useful materials (Thrush)»
1968). In the present s;tuat1on, overburden refers to the sof1_and 
rock strata which oVer1ie coal deposit;. | B
| A_iz}rip mine' is an opencut miﬁe in which the overburden is
i}emoJed from a cqa]bed before the coal i&;;aken out (Thrush 1968)€

n " 'Spoil' refers to 1) the overburden or non-ore matéria]'
removed in gaining access to the ore or minergl material in surface'
| ﬁihing, and 2) deﬁeis or waste material from a’mine (Thrush 1968).
In this study 'spoi]s' and 'coal SpoiTs are used 1nterchangeab1y and
inc]ude any overburden, coal; mine waste or other m1nera1 mater1a1
deposited on the surface as waste. |

A 'spoil-heap' is a pile of«Spoi]s on the surface of the

mine.



« | ~ STODY SITES

Floristic Survey Sites .

| Six abandoned coal mines in the Rocky Mountain Foothii]s‘of
‘west-central Alberta were included in the f1b¥i$tic survey, designated
'as Tebnta1n Park West Mine, Mounta1n Park Towns1te Cadom1n Nordegg,
| ’§;erce boa] Va]]ey, and. Mercoal (F1g 1). Table 1 provides a brief
descr1pt1on of each s1te - 1 . y :

The Mounta1n Park ;1tes are just west of the out1y1ng Nikanassin
Range at the headwaters of the McLeod River. The Townsite is 16 km S
of the yi]]age.ef Cadomin along the}Ghave Flats Rdad. The spoil-heaps
are along the road, just east of wnere the viT1age of Mountain Park was
once located. The Mountain Park West Mine is 1.2 km NW of the Townsite.
" The spoil-heaps -are accessible from the Grave Flats Road via:a road at
the Townsite. . |

The'Cadomin (east) str1p mine is 7. 6 km.SE of-the v111age of
‘Cadomin on the eastern. slopes of the N1kanass1n Range Access is
prov1ded by a bridge across the MeLeod River at Inland Cenent Industries
Co. Ltd. ‘A road from the bridge runs paraT]e]’to the river and connects'

-

W1th a haul road to the mine site, 2/Nkm N of the bridge.
. | The Nordegg str1p m1né’7§/ia. 2 km SW of fhe village of Nordegg
on thie NW 's1opes of the Brazeau Range. A mine roadﬁprovides access to

| the site as it connects with Hwy. 40 ca. 2 km S of Hwy. 11.

The Sterco and Coa1 Va11ey mfnesites are ]ocated on rolling, ,-

hilly terrawn ca. 60 km SW of Edson They are adjacent to one another

‘and thus, are cons1dered as one study site for the purposes of the

floristic survey. -The spoil-heaps occur -along the N side of Hwy. 40.
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Locations of the six abandoned coal mines selected for study
in the Rocky Mountain Foothills of west-central Alberta.
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'Portfons of Hwy. 40 are 'being reFoufed te accomodate a new coal strip

mine (owned by Luscar Sterco Ltd.) at Coal Valley. However, this sheu]d

not affect access to the study spoil-heaps. |
Mercoal is ci' 19 km SW of Robb on Hwy. 47. The area is

character1zed by ro]11ng, hilly terrain. The’spoi]—heaps lie adjacent

to the village of Mercoal on poor]y drained ground

\

Intensive StudyVSites

-

The Mountain Park Townsite and West Mine were selected for
more intehsivé‘ecologica1 stUdy than the other stud& sites and, hence,f
are described:ih greater detail.

Phys1ography and Geology

The Mountain Park area lies in a- coa] basin at the headwaters
of the McLeod R1ver The basin forms a gentle, southeasterly dwpp1ng
syncline, wh1ch lies between the Font Range of the Rocky Mounta1ns and
; southwester]y proaectwng Paleozoic outlier, known as the N1kanass1n
Range (MacKay 1930). Relief rangesggrom 1760 m ASL on the pas1n floor
_to 2720 m ASL 31 the summ1t of Cheviot Mountain. The Townsite and
| west Mine spo11 -heaps 11e at 1780 m ASL -and 1810 m ASL respect1ve]y

(Plate 1).

S

A1l coal extracted ffom the Mountain Park mines came from the
upﬁer-beds of the Luscar Formation and is Tower Cretaceous in age
(Rutherford 1925). The Luscar Formatien is. composed oﬁ'soft,vgfey sand-
stones interbedded with dark grey sha1es,‘§evera1 cong]bmerate lenses,
and commercial coal seams in the upper part (MacKay ]930). It is under-
lain by a resistant chert and quartz-pebble conglomerate called the

Cadomin Formation and overlain by a coarse green sandstone and green



. L v [ . » . ‘ )
Aerial view of the Mountain Park area in the Rocky Mountain
Foothills of west-central Alberta, with the Townsite and
West Mine spoil-heap areas circled (1973). The fire margin

| 'S of the study sites denotes the boundary of an extensive fire

in 1913 which burned most of the Mountain Park area. The °
post-fire forests are dominated by Pinus contorta and are

~recovering slowly.

"~ The West Mine spoﬁ]-heaps interrupted drainage from Mt.

Cheviot (just out-of view to the SW), which resulted in
flooding of the main excavation pit.

Spoils at the Townsite are darker than those at the West
Ming due to substantially higher coal content.
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shale, with lenses of pébb]e‘cong]dmerate called the Mountain Park
| Formation'(Me11on 1966). 'Tbe stretigraphy'of the Mountain Park area
has recently been“described by Kilby (1978) ' “

The sp01ls at the Townsite are composed predom1nant1y of 1)
‘waste coa] and other rock brought to surface from the underground mine,
and 2) c11nker and other burnt waste from the mine's power plant. The
spoil-heaps are generally flat-topped with steep banks on the western
and northern faces (Plate 1). Slope inclines range from 24 to 41° and
s]ooe lengths from 8 to 40 m. . .‘

| In contrast, thevspoi]s at the West Mine eonsist largely of

coal-free overburden materials. .This Was a stripping operation in
which two pits were excavated'and the overburden dumped over a wide
area to the north. The resulting spoi1-heaps display a moderately .
diverse topogrephy. Mounded areas exist where overburden materia]s were
dumped by the.truck-]oad and not levelled. The majority of the heaps
have been 1eve11ed on top. Long; steep banks characterize the northern
fece of the spoil-heap area (ﬁ]ate 1). S1ope dng]es range'from 22 to
40° and s1ooe lengths from 7‘to 46 m.: | | | |
Climate | | |

The.climate -of the‘Mountain:Park area is e1essified as Sub-
arctic (Dfc) or Cold, Snow;Forest in Kbppen's (1936) system of c11mat1c
o]assification (bbng]ey 1970). Cold, humid winters and cool, short
summers are characteristicf |

A]though 16hg-term, .continuous climatic data are not availab]e
for the study area, air temperature and'precipitation Were,monitored

‘discontinuously at Mountain Park from 19]5’to‘]924 (Tab1e12).‘ The

averége annual total precipitation was 70.2 cm and mean annual temperature
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| NI
Qés -2°C. The coldest month was January, w1th a mean da11y temperature
of —17°C and the warmest months were JuTy and August, each w1th a mean |
daily temperature of 10°C." The lowest temperature recorded over the

period-was -49°C and the highest was 31°C.

Vegetation : . ‘ |
The~Mountain Park area-faTTs,within the East"STopes‘Section ot
~ the Subalpine Region (SA.T)/in Rowe's (1972)‘system.of forest classific-
~ation. C14max forests;dn mesic dp]and sites are characteristieally
‘ ddn?nated by Pieea eﬁgelmannii and Abies lasiocarpa. Duelto an extensive
i fire in 1913 (R055‘1974),50pen‘Ptnusvcontorta forests dpminate the Bp]and
vegetation around the study sites. These forests usdaTTy have a well .
deveToped shrub layer of Saiix Spp. , Betuia giandulosa, and Pinus ?nd'
‘Picea regeneration. Seme of the more cdmmon herbs are Elymue.innavatns,~
Hedysarton aZpihwn, and Achillea mt"ZZéj"eZiwn \ | |
The vegetation of the vaTTey bottoms around Mountain Park is

treeless and dominated by shrubs part1cu1ar1y BetuZa gZandﬂZosa, Saltx

AN

" glauea, and Saliz spp.
Above treeline, which ranges from 1980 m dn'N~tacing slopes to

2100 m on S-facing slopes (Mortimer 1978), is an extensive zone of ,_;///;,

~alpine Vegetation See (1978)}described‘the alpine macrolichen vegeta-
‘tion of the area. The anine vascular.plant vegetation ef Prospect
’Mounta1n ca. 8 km W of the Towns1te, has been described by Mort1mer
(1978)', She recogn1zed 16 vascular plant commun1ty types w1th1n five
”tundra_vegetation groups. - Dny,‘rock tundrayvegetation has the greatest'
areal extent‘and is dominated by nyas.integrifblia. “Shrub tundra

' commun1t1es occupy the Tower a1p1ne s]opes just above tree11ne and are

- dominated by Salix arcttca, S. barratttana, and Dryas zntegrtfblta
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Snow accumulation hollows are dom{nated by Cassiop% tetragona, Phyllo-
doce glanduliflora, and Salix arctiga. Meadow tungra cohnunities are
common on. gently sioping or flat areas ‘and are domiﬁated by Dryas
mtegmfolw Elymus innovatus, and Artemisia norveg\wa

The Mountain Park area was descrwbed by Packer and Vitt
(1974) as a glacial refugium during the Wisconsin per1od. They present
geological and phytogeographical evidence to suggest that the area around
Mountain Park stood as .a nunatak above the ice, where plants survived.

the g1ac1at1on in satu Their botanica] evidence consists of a large

number of s%ec1es with d153unct d1str1but1ons ' Recently, Mortimer

1‘(1978) ‘has added to the 11st of disjunct species with her work on

'ProSpect Mountain. Thus the two intensive study sites occur in, or

contiguous -to, a proposed Wisconsin g]acia] refugium.

Mining History

| ‘ %he Mountain Park mining 6peration was dne;of the firétvto be
established in the re§{dh'(Laké 1967). Production began in 1912 to
supply coal to stéam powered locomotives of the Canadian Nat%ona]
Railroad (CNR) for its transcontinental 11gg‘throughﬂthe Yellowhead
Pass. Over 39 years of operat1on the mine¢ produced a total of 7,764,136
metric tons of coal and at peak product1on in 1940 employed a maximum
of 407 people (Lake 1967). |

The first mines were located close to‘thé,vi11age,of Mountain
Park (near the Townsite study site) and'were underground operations W

(Ross 1974)."Str1p-mfning did not begin until about 1945 when the

" ‘West Mine was opened (Cormack 1950). Declining markets, due largely to

the switch to diesel powered locomotives by the CNR, caused the closure

of the underground mines \in 1949, Closure,bf the Strip—mine came in
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1950, probably hastened by the inability tJ.contro1 flooding of fhe‘
‘pits by underground water seepage (Lake 1967, Ross 1974).

Mountain Park was a company—owned_vi1TaQe. When the mines
closed, the town was ébandbned (Lake 1967). Buildings were.eitbfr
dismantled and moved or burned and buried. No attempt was made to._
revegetate or in any way reclaim the abandoned landscape (Lake 1967<

Cormack 1950). Y

14



METHODS
Floristic Survey

A presence list of vascular plant species was compiled during
the summers of 1975 and 1976 for each éf'the six abandoned minesites. | .
An attempt was made to include all species growing on spoi]-heaps_aﬁ
each site. Voucher specimens were co]]ectéd‘of all species and are
deposftgd in the University of Alberta Herbarium (ALTA). Nomenclature
follows MQSS (1959) ‘and"PaCker" (]'974), except for Agropyron ?Zongatum,
Carex bigelowii, and EZymué Junceus, which follow Scoggan (1978); and
Potentilla bipinnatifida and P. pensylvanica, which. follow Kohli and
" Packer (1976).
For comparatiVe purpbses the numbers of native and introduced .
Speciés in each of the six floras weré detefmiged using Scoggan (1978)r
F]oristiC'similarity of the stqu ﬁitéé was determined by
calculating Sgrensen's coefficient of community similarity index for
a]]xgtudy site pairs: CC(A, B) = 200 e/{a + b), where ¢ is the number
of species jn common and a and b are the total number of species 1ﬁ
study sites 4 and B respectively.
The taxonomic spectra of the Mountain Pérk Townsite and West
Mine floras (intensive study sites) were compared by calculating the

percentages of species in each vascular plant family.

Intensive Study

e

Sampling Procedures

Meteorological observations

Precipitation and max-min air temperatures were monitored ca.

15
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weekly from May 27 to ?eptember 11; 1976 at the Mountain Park Townsite

A and West Mine study sites. A Taylor max-min thermometer and two Tru-.
-chek rain gaugég (wedge type) were installed at each site. The
1nstrUments‘were mounted on wabgen stakes 30 cm above the ground surface
and placed in open areas on 1ev;T ground, |

A more accurate Taylor C]éar—Vu rain gauge was moved from
sfte to site several times oVer the summer and used to standardizehthe
Tru-chek gauges. A 1inear relationship was estab]ished, y=1.09 &, by
which the precipitation measured by the Taylor Gaugei(y) could be
estimated from Tru-chek readings (z; Appendix 1). All Tru-c@ek réadings
were corrected in this mannef. ; | |
Painted wooden.dowé1s were uséd to assess the abrasivenes;

‘and prevailing direction of wind-borne soi];‘San, and ice particles.
The dowels Qere ea. 1.9 cm in diameter and 1.5 m in Tength. Eacﬁ
received two ]1gHt coats of white, latex paint and was drjven 0.5 m into

the ground”in an exposed area. Two dowels were installed on each mine-

site in August 1976 and examined in‘Jdly 1977.

i - Community Sampling

Uniform'stands were delineated at each site to serve as
referehce areas for sampling the vegetation and spoils. Stands were
chosen subjectively based on the following acceptance criteria:

1) reside on spoil materials;

)
2) naturally revegetating;
3) uniform slope angle and aspect;
4) re]ativé]y homogeneoﬁs.plant cover; species
composition, and spoils.

Within these constraints an attempt was made to sample the range of
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plant communities and sBoils on each site. .
" A total of 34 stands was delineated: 15 at the Townsite and

19 at the West Mine. They were rectangular in shape and ranged in area
from 85 to 507 m?2 (i = 292 m2).

Both the tops and sides (slopes) of the spoil- -heaps were
| sampled. Stands 1ocated on slopes included on]y the upper-, m1d—, and
]ower s]ope positions; the s]ope crests and bases were exc]uded because
of the rap1d1y changing slope angle at these pos1t1ons These areas
were sampled 1ater using transects.

Because of very 1ow plant cover in some areas, two schemes
Were “employed in sampling the vegetat1on Stands for wh1ch pre11m1nary
‘est1mates of total p]ant cover were <1% were inventoried, 7.e. quadrats
were not used. Ocu]ar cover estimates in cm? for all viscular spec1es,
for total bryophytes, and for total 11chens, were obtained for the
entire stand. ‘Cover' was defined as the area covered bysthe,perpendj-
cular projection of the 1iving above-ground parts of‘a species to the
ground surface (Mueller-Dombois and'E11enberg 1974). A metric ru]ef was
used to aid in making the estimates. |

Stands for which preliminary estimates of total plant cdver
~ exceeded 1% were samnled using a random plot method. A coordinate
system was established in each stand‘and randdm numbers were used to
locate the quadrats. In each quadrat ocular cover estimates in cm? were
obtained for all vascular species, for total bryophytes, and for total
Tichens. Sampling adequacy was determined by ca]cu]at1ng standard
errons of the mean for total plant cover andufor cover of the species
with the highest cover (Greig-Smith 1964). ‘'Total b1ant cover' was
taken as the sum of the vascular species, bryophyté, and 11¢Hen cover

}ﬁs’ .
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estimates. A stand was-considered adequately sampled when the standard

error:mean ratio was reduced to <20% for total cover and to <30% for o
the Speciee with the hfghest cover. A minimum of 10 quadrats were p]ae-
ed in each stdnd Additiona] véscu]dr specjes present in the stand but .
not found in quadrats were noted also. |
A 2 x2m quadrat ‘was used throughout the. study Smaller

quadrets were less eff1c1ent for estimating cover. Larger quadrats were
“unwieldy and more dtfficu]t to make eétimates in. |

} For each stand the general topography, aspect, and s]ope angle
were recorded. Voucher specimens of all unknown vdscu]ar plants were

collected for future identification.

Spoil Sampling

Four randomly ]ocated pits were dug to a depth of ca. 30 cm
in each of the stands. 'Genera1 notes were taken on horizon development, "
‘stnucture,‘eurface ctusting; and erosion. Spoil samples were collected
from three depths in each pit: 0-5 cm, 13-18cm, and 25-30 cm. It was -
considered.unneceésary to sample any deeper as b]ant rootfng depth
rarely exceeded 30 cm.. A1so; digging beyond this depth was increasingly -
difficult due to high rock.content. The samples were bulked together
by depth so thet a toté1'of three composite sampleé (each weighing 2 to
5 kg) was coT]ected per ‘'stand, edth'representing aAdifferent depth. ATl
samples ;ere'air-dried as rapidly as possible on sheets of plaétic and

stored in paper bags for future analyses.

-

oy '
Transect Samp]ing

Transects were run down the s1des of spo11 heaps, perpend1-

1

cu]ar to the contours, to eva]uate the influence of slope pos1t1on on
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. tota],p]aht cover, species richner,vand species distribution pattérnsl
on slopes at the two Mountain Pérk study Sites.f Six 2 x 2 m quadrats -
were placed along each transect, one at each of the'siX'major slope.
.positions - top, crest;"upper-slope, mid-s]dpe, 10wer—s]ope,,and base
‘(ng. 2). The fo]idWing information was obtained in each quadrat: an
ocular estimate of the cover of each vascular plant species; esiimates,'
of tota]lbryophyte and total ]ichén‘covers; slope angle (c1in0metef); .
aspéct (compas;); and slope position; 

J A system of sfratified random sampling was used to locate the
~ transects on the spoil-heaps. "Each study site was stratified into
’1ndiyidua1}sp01]-heaps. An jnvestigator‘wOu]d stand in the center of a
spbi]-heap area‘and randomly select compéss bearings from a'random
numbers table. The tfahsects were Tocated by walking in the chosen
dikectidh;unti] the crest of a slope was reached. A transect was then
run down -the slope. J

| The number of trénsects placed on éach'spoi1—heap was

proportional to théfsize of the heap. The larger the heapvin relation
to the total mine a}ea, the more tranggcts it received.“Twenty-one

transects were run at each study site.

Laboratory Analyses - | . .

"Spoil Analysis

.The air-dried spoil samp]gs were grpund,.if necéssary,‘and
passed through a 2 mm sieve.. The <2 mm and >2 mm fraétibné were weighed
and gheir proportions calculated. The fo]]bwing laboratory dna]yses
“were conducted on the <2 mm fraction: |

1) mechanical analysis, using the hydrometer method
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| Top” | crest

A

Upper-Slope -

Mid-Slope

Lower-Siope

Figure 2. Cross4sectioﬁ’0f a hypothetical spoil-heap shqwing the
| locations of the six slope positions sampled in the
transect studies,
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(Bouyoucos 1962);

2) soil water:retention at 1/3 bar tension on ceramic

pressure plate apparatus and at 15 bars tension on
pressure membrane apparatus, expressed on a whole
soil basis as a percent of oven-dry weight at 105°C

(Richards 1965).

3) pH, measured with a glass electrode and pH meter on a

1:1 soil-water suspension (Peegh 1965)

4) electrical conductivity, determined by the Alberta

Agricultural Soil and Feed Testing Laboratory (ASFTL)
in:Edmonton,'using a glass electrode and conductivity '

meter-on a 1:2 soil-water suspension and corrected to

_that of a saturated paste (McKeague ]9786; e

5) exchangeable ammonium and nitrate, determined by

steam distillation using the direct magnesium

‘oxide-Devarda alloy method (Bremner 1965);"

6) available phosphorus, determined by the ASFTL by

autoanalyzer using the Millar and Axley modification

of the Bray method (Hodgins 1977);

7) available potassium, determined by the ASFTL using

Pe

f]ame photometry on an ammonium acetate extract

(McKeague 1978);

8) tota1 exchange capacity, determﬁned by the ASFTL

us1ng ammonium acetate extract1on at pH 7 followed
by ammonium displacement and macro- KJeldahl
d1st111at1on (McKeague 1978); and expressed on a

whole soil basis; - ’



22

9) exchangeable calcium, magnesium, éodium, and
- botassium, determined byithe ASFTL:using atomic
‘absorpfion on an ammonijum aéetate extraction at
pH 7 (McKeague ]978), and expresséd.on a whole
soil basis. o
Properties expreésed on é whole soil basis (Pw) Were calculated from
values expressed on the‘basis oﬁ’thé.ﬁz hm fractiqn (Pf) by éhe equatﬁon:

P,

" =”pf [1/(1 + R)], where R‘is the ratio of the weight of thelcoarse‘

Separate (> 2 mm) to the weight of the fine separate (< 2‘mm; Richards
1965). | o |
| - A random sg]ectfon of the spoil samples (10%) were refana1y2ed

for texiure,'pH,uexchdngeable ammonium, and exchangeab]e nitraté to

serve as checks. Al water retentioﬁ determinationSIWefe done. in

' dup]icdte and the aVéréges used. The remafning tests were unrep]icated. 
Available water holding capacity is a'measuré of the ability

of a soil to retain plant-usable water. ‘It was ca]cu]atéd for eéch -

Spoi1‘samp1e by taking fhe d%fference‘{n water retentioh at 1/3 and 15~

bars tension, and was expressed on a whole soil basis (Peters 1965).
Ocular estimates were made of the proportions of the different

rock types in the >2 mm fraction of the surface (0-5 cm) spdi] samples.

The samp]es'were washed and estimates made of thé volume pércentages of

}ébé],~sands£one, siltstone and shale (together), CIinker, and miscellan-

eoustther rock types.

Principal Component Analysis

P

Principa] component analysis (PCA) was used as a means of

synthesizing the vegetdtion data, with the aim of detecting relationships

among plant specie§t communities, and topographic and edaphic
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environmental factors.‘ PCA is an indirect ordination technique
(Whittaker 1967), and as such is particularly useful when envirpnmenta]c
' gradienté are unclear. Of the many ordinatidn methods aVai]ab]e,vPCA
was.ﬁsed because it is objective.and expreéses the fe]ative amount of
variance accéunted for by each axis. 'Details of the mathematics 6% PCA
may be found in Pielou (1977) or Orloci (1973)."

Four Sebaréte PCA's Were run, usihg untransformed and‘trans—
formed, data from each of the two intensi&e study sites. The untrans-
formed data consisted of speéies cover percentagesl These weré coded
and transformed using log;q (100000 a +'1); where a.is a speciés cover
percentage. The transformatibn raises the éma]]est non;zefo cover value
to one, and has the effect of reducing’quantitatiVe diffefénééS»among
specfes. ,
The analyses were conducted using the CLUSTAN 1C program

packagé (Wishart 1978) on the‘University of Alberta Amdah] 470/V;7
computer. .To,accomodate program_dimensioning‘reétrictions,_al],épecies
_bresent in only one stand were dropped from the data sets. Rare‘
specieskusually contribute little quantitative 1nformatfon‘and de]efing
“them has been found by Austin and Greig-S@ith (1968)‘to have litpie |
effect on érdinations using quantitative data. |

Two-dimensiona] ordinations wefe';onétructed for,eachAétugy

site,gdsihg the first and second pringipal'components as the x and y
axes; respective]y, To identify environmental factqrs which may be
influencing stand compositidn, all ;opographic and edaphic\variab]es
‘were plotted on the ordinations. The edabhic'&ariab]es were also

| subjected to,Spegrmah rank-drdef cofre]ation analysis (Daniel 1@78) with

the first two principal components.
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The responses of total plant cover, species richness, and |

selected species (those with >15% stand presence) were examtned by 1)

plotting the1r va]ues on the ordinations, and 2) SUbJect1ng them to

rank- order corre]at1on analysis w1th all edaph1c var1ab1es

‘ Community”é]assification

In order to describe and compare the vegetation of the two

'Mounta1n Park study s1tes, stands were c]ass1f1ed into commun1ty types
&\ (ct's), i.e. plant assemblages with s1m11ar comp051t1on, phys1ognomy,

and habitat

The ct's were given b1nom1a1 names using, where poss1b1e, two
dom1nant; character spec1es, 7. e. re]at1ve1y abundant species which.
show a . distinct maximum concentration (quantitative]y and by presence)

in a ct}(Mue]]er Domb01s and E]]enberg 1974) : If no character species

;hd the second was the most abundant character spec1es If
ihe no character spec1es then two species whose d1str1but1ons
“;ped only in the ct under cons1derat10n were,used. | o
Classification was accomplished with thetaid of c]uster\,
f iiis’ a numerical procedure whichAsorts individuaiS'into groups

| on some s1m11ar1ty criterion. Ward (1963) describes a c1ustering

75 are formed 1nto groups. His method‘ which is of the SAHN
type desc*ibed by Sneath and Sokal (1973), t.e. sequential, agglomer-
ative, hierarchic, and non-overlapping, was used\1n this study

"~ Cluster ana]ys1s was performed on all stands us1ng spec1es
cover (qUan:1tat1ve) data and, in a separate run, on.a11 stands using |

species presence-absence (qualitative) data. The analyses were

a

iant then the first species in the name was the 1ead1ng P =



25

conducted using the CLUSTAN IC'program (Wishart 1978) on the University
of A]berta Amdah] 470/V 7 computer The resulting hierarchies were

p1otted as dendrograms.

Transect Stud1es

| Separate Fr1edman tests (ana]ys1s of var1ance by ranks, Dan1e]"
'1978) were conducted to determ1ne the effects of s]ope pos1t1on on
total plant cover and spec1es r1chness at each study site. The
sigpificance of differences.in cover andvriChness among the slope ..
. positiops wasvdetermined using ghe muTtip]e-comparisoo procedure
recommended by Daniel (1978) for use with the Friedman test. The
significance of differences in cover and richness between the study sites
~at a given s]ope position was determined'using the Wilcoxon two-sampTe
test (Sokal and Rohlf 1969). | |

To evaluate and compare the responses of 1nd1v1dua1 species \\
to s10pe pos1t1on, spec1es quadrat frequenC1es were-calculated for

each position, -~



RESULTS
F]oristic Survey

A tota] of 245 species. represent1ng 40 fam111es of vascu]ar :
p]ants were found on the Six abandoned m1nes1tes (Append1x 2). Mounta1n
Park West Mine is the richest site w1th 141 spec1es and Nordegg the
| poorest with 94 species. |

The largest plant families are: Comoositgé (43 species), %
Gramineae (35);vLeguminosae (24),‘Rosacéae (19), Cyperaceae (19),

- Cruciferae (16), and Saiicatéae (14). -Genena:witn more thén five species
include: CafexV(IQ species), Salix (]2),.P0a (9), Pofénoilla (8),‘ g
AstraéaZus (7 ), and Agropyron (6). | 2 |

| Twenty -one species were common to all six s1tes Achtllea mLZZe— |
‘}blzum, Agropyron trachycaulum Agrostis scabra, Aster szbzrzcus, EpzZo—'
bzum angustszlzum, Festuca rubra, F. saxzmontana, Fragarza virginiana,
Gentzanella amarella, Poa alpina, P. znterzor, P. paZustrzs, P. pratenszs,:'
| Populus- baZsamzfera, PotentzZZa norvegica, Solidago decumbens, S. multz- -
"radzata, Taraxacum officznale, Trszlzum pratense, T. repens, and Trzse—
tum spzcatum | |
u -The total m1nes1te f]ora (245 species)}consists of 206 native
- and 39 Jntroduced speC1es‘(Append1x 2). Introduced-speC{es wefe fbund to
be mone numerous at thé Tower elevation study sites (Mercoa1‘and,Sterco-'
- Coal Va]]ey); ond at sites which are (or were) in c]oso pr0ximity to
vi]lagéé (Mércod], Sté?qo—Coa] Valley, and Mountain Park Townsfte;

Table 3). The Mountain Park West Mine, Cadomin,iand Nordegg»stddy sites

“have always been more removed from human settlements and have substantially
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Table 3. Numbers (and percentages) of native and introduced species in

the six abandoned'minesite floras.

Native species

Introduced species

(el. 1343 m)

Study Site No. (%)1 No. (%)1
‘Mountain Park West Mine 132(94) 9(6)
(el. 1810 m)
Mountain Park Townsite - 89(83) 18(17)
(e1. 1780 m) o
Cadomin ‘ 1103(92) 9(8)
je].1675 m)
vNordegg 85(90) 9(10)
(el. 1500-1600 m)
Sterco-Coal Vai]ey ©, 85(79) - 22(21)
(el. 1408 m) - N

© Mercoal 65(68) - 31(32)

”}Percentage of the totals number of species found at the study'site.

¥ oy
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4

;fewer introduced species.

Floristic simi]arity among the six minesites ranged from 32 to
68%,.indicat1ng that the floras are neither highly similar nor higH]y
dissimilar to one another (Table 4). The highest similarity was between

,Mountéin Park Nést Mine and Cadomin (68%), and the Towest between
Mountaianark.West Mine and Mercoal (32%).

The coefficients of community were negatively correlated with
differences in elevation between the sites (r¢ = -0.77; P < 0.001), <.e.
floristic similarity between the sites generally increased with proximit&
in elevation. |

~ E

The remainder of th1s section compares in greater deta11 the

floras of the two 1ntens1ve study sites. ’ \\
\

. S The Mounta1n Park West Mine flora. is substant1a]1y r1cher than

~ the Townsite flora (141’spec1es compared to 107, respectively). ;Further—
more, considering the close proximity of these two sites (1.2 km,?part

“and differing only 30 m 1n.§1eyation), their floras are significaét]y
dissimilar (57% simiiari%y).

The Targest plant families are Cqmpositae, G;amineae; Legumin-
osae, Rosaceée, and Cyperaceae at the West Mine, 'ané Grémineae, Compos-
itae, Legum1nosae Rosaceae, and Cruciferae at the Towns1te (Table 5).
Families wh1ch are substant1a]1y r1cher at the West M1ne 1nc1ude
Compositae, Scrophu]ar1aceae, Cyperaceae, and Legum1nosae The Town—
site flora is richer in Cruciferae.

The a]pfne’f]ora of the Mountain Park area has been studied by
Packgr and Vitt (1974) Mortimer (1978)‘»and See (1978)-and is wei]
known. A composite alpine vascu]ar flora (200 species),

taken from the 1ast two studies, was compared with the two minesite
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Table 4. Comparison of vascular plant floras among the six abandoned

minesites using Sprensen's coefficient of community.

Study Sites . .- T2 3 4 5 6-
Mountain Pérk West Mine K

(el. 1810 m) 1 -- 57 68 52 44 @ 32
Mountain Park Townsite ik :

(el. 1780 m) 2 57 - 59 54 54 49
Cadomin -
(el. 1675 m) 3 68 59 -- 64 52 41
Nordegg , ‘ » I '

(el. 1500-1600 m) ’ 4 52 54 64 -- 59 45
Sterco-Coal Valley ‘ - , |

(el. 1408 m) - ' ) 44 54 52 59 -- 60
Mercoal _' - _

(el. 1343 m) 6 32 49 41 45 60 --

t’k‘

Average Coefficient 51 55 - &7 55 54 45
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Table 5. Species distribution among vascular plant families for the
Mountain Park West Mine and Townsite floras.

=

- . . West Mine Townsite
Family | | No. of species (%)! No. of species (%)!

Ophioglossaceae
Equisetaceae
Pinaceae
Gramineae
Cyperaceae
Juncaceae r
Orchidaceae ‘
Salicaceae
Betulaceae

_ Polygonaceae .
Caryophyllaceae
Ranunculaceae
Papaveraceae
Cruciferae
Crassulaceae
Saxifragaceae
Rosaceae
Leguminosae.
Onagraceae
Umbelliferae
Ericaceae
Primulaceae
Gentianaceae
Polemoniaceae
Hydrophyllaceae
Boraginaceae
Labiatae
Scrophulariaceae
Plantaginaceae
Rubiaceae
Campanulaceae
Compositae
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Total Species 141 107
Total Families 26 o 25

lpercentage of the total number of species found at thécstudy'site;
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floras usinb Sprensen's coefficient of community; Similarities of 48%
and 31% were obtained for the West Mine and Townsite, respectively.
Thus, plants adapted to é]pine environments form a\large proportion of
both minesite (suba1pine),f]ofas,tbut a substantia]ﬂy higher proportioh
of the West Mine”f]oraf Appendix 2 lists the minesite species found in

alpine study sites by Mortimer (]978) énd/or See (1978).

Intensive Study

Meteorological Observatjons

'PreCipitation

| Monthly precipitafion,tota]s wefe'very similar for the twd
Mountain Pérk studylsites during the summer of 1976 (Fig. 3). Total
.summer precipitation~(dune through,August) was 223 mm atvthe Townsite:
and 211 mm at the Nést Mine. | |

The spoil-heapé at-Both sites Qere nearly snow-free by May 13;
only ho1jows and N-facing slopes were still cdvered. Snow fell several
~times during the summer but melted on impact, or soon after, and did not
1 contribute significantly to the summer precipitafion totals.

The monthly totals for the Grave Flats Lookout, 19 km to the
east and 280 m‘highef)in elevation, were’similar to those for the study
Sitq§wjn 1976 (Fig. 3). Also, the climate maps of Powell and Maclver
(1976) indicate that.the Mountain Park aréa and the Grave. Flats Lookout -
have the same fota] summer precipitation. Thus, the 30-year. monthly
precipitation normals for Grave Flats (Fig.‘3) may be similar to long-

-term monthly averages for Mountain Park.
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Air Temperatufe

Summer week]ykmax-min air temperatures at 30:cm above;ground
were very similar for the two sites (Fig. 4),' Wéekly minima were at or
below 0°Cﬂfor most‘of.the summer at both sites. The lowest temperaturés
reco;ded Huring the summer were -7°C at‘the'Townsite and ;5°C at thé
West Mine. The highéstrtemperatUres weke:27dC at fhé wansite.and 31°C

at thé West Mine.

Wind

rAfter dne year of ‘exposure, moderate winter abrasion was nbted
on the SW sides of’the pafntgd dowels installed at the TownSite, and on
the W sides of those at the West Mine; thus indicating the directioﬁ'of :
‘_‘the prevailing wiﬁds. No differencg‘was detected in the-amount of |
abrésion at the two siteﬁ.' |

Trees adjacent to the minesites exhibit asymﬁetrica] growth'
with branches f]aggiﬁg away from thé prevai]ing.windé. The annual growth

: . o ~
rings of such trees show a marked eccentricity, with the pith closest

to the windward side of the tree. On the minesites thémse]ves,'trees and
shrubs are often stunted and occur mostly in prbtected areas.” New stem
growth extending above the,protected‘zone in summer is-often killed
during winter by desicéation and/br abr%sion.

Plants growihg on the‘minesites sometimes haveitheir root
systems exposed due to wind séouring of spoil materials from aroundAtheir
bases. This is particu]ariy common in expoéed areas on\fhe West Mine.

’ " Root (i976)'f0und that year round, persistent high winds on
'the Cadomin strip mine‘(eést), ca. 10 km N of the Mountain Park $tudy

~sites, act to increase potential evapotranSpiratioh, inhibit seed
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-Todgement, remove fine spoil particles, mechanica11y damage plants, and
remove protective snow cover. ‘He concluded that wind is a-major factor
inhibiting p1ant grthh on the Cadomin minesite. .Observations made in
the present study suggest that wind has similar eco]og1ca1 1mportance

on the Mounta1n Park m1ne51tes

Spoils
| Results of the spoil analyses are summarized %h Table 6.
The majority of Spo11s at both sites are‘coarse textured and
tructure1ess, consisting of rock fragments and loose, S1ng1e gra1ns
| Spoils with h1gher clay contents (predomtnant1y at the Nest M1ne) are
.more coherenthand‘have nassiVe structure. There is no visible hor1zon
~ development at either site.
At the Towns1te coal is the dominant parent rock, siltstone
and shale are abundant and sandstone is re]at1ve1y scarce. In contrast,5
siltstone and shale are predom1nant at the West M1ne, sandstone is
Second, and coal is rare |
Fine earth contents range from very low (<20%) to relative1y
high at both s1tes, but are genera11; higher at the West Mine. -Fine
earth contents of <20% have been con51dered a probable 11m1t1ng factor to.
plant surv1va1 on surface- m1ned land (Bramble and Ashley 1955) surface
spo11s at both sites have h1gher fine earth contents than those deeper
in the prof11e, probably due to higher physical weather1ng rates.
~Using the textural classification of the United States
Department of Agr1cu1ture (Soi1 Sdrvey Staff 1960),~spoi1 textures are
.predom1nant1y loamy sands and sandy loams at the Townsite, and loamy sands,

sandy loams, and sandy clay Toams'at the West Mine. The Townsite spoils
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are genggally sandier than the West Mine spoils.

f'gle water holding capacity_(é.w.h;c.) is variable at

;;Spoi]s have very.1ow a.w.h.c.b(sZ%), probably due to

35 and ]ow fine earth contents. No significant differ-

| *fc. were found between the sites. |

.c ;poils pHs range from strongTy acid to_modenate1y alkaline at

: te (4.6-8.1) and from‘snght1y'acid to strongly a]ka1inelat the

f§(6.4-8t6), At all ‘depths sampled, pHs were signifieant1y high-

er af }e West Mine. | | |

}u E]ectr1ca1 conduct1v1ty Tevels are 1ow (<2 mmhos cm'l) at both

sites,i i-1cat1ng non-saline conditions. Conductivity Jevels of <2 mmhos

i cnfl an?tgonsidered to‘have a negligible effect on the yte]ds of most

agricultural p]ants (Richards 1954). _' i

;Qfe spoils at both sites vary in total eXchange capacity, which

v ! f}fﬁa1 of exchangeab]e cations (expressed in milligram equiv-

a]ents)}that a soil can adsorb (Brady 1974). Total exchanoe capaeity is
‘very']ow in.some spoils at both Sites,'probabTy due. to thevcoarse

: ~textores and low fine earth contents Total exchange capac1ty and the

levels of exchangeab]e calcium, magnes1um, and sod1um are, on the aver-‘

_ age, higher at the West Mine than Townsite.

The Soils Branch of Alberta Agricu]ture4in Edmonton considers
‘the‘fol1owing‘avai1ab1é plant nutrient Jevels to be low for the growth of-
most agricu]turé] pTants (A]berta Department of Agr1cu]ture 1976); n1tro- :
gen (N03? N) <10 -ppm, phosphorus (P) 2.5 ppm, and potass1um (K) <75 ppm ‘
Us1ng these guidelines, the available n1trogen and phosphorus levels are

low in the spoils at both sites; but are h1gher at the Townsite than West

~ Mine. Potassium levels ranged from low to medium at both sites, and did
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not dwffer significantly between the sites.
It should be po1nted out that the s0il fert111ty tests -
pToyed by the prov1nc1aT Taboratory were des1gned to be used on
agronom1c s0ils and may not prodUCe vaT1d results when used on mine

spo11s. Results of soil fert111ty\tests shoqu be: 1nterpreted with

\

caut1on until the relation between 3011 tests and plant growth on T

spo115 has been determ1ned (Berg T969)
. » »,\\

Principal Component AnaTys1s , \\
: \

The ord1nat1ons based on untrahsformed spec1es cover data had -

\
many-stands cTustered t1qht1y together and were ecologically un1nter—

'pretabTe In contrast, the 109 transformed cover data produced ecoTog1—‘
caTTy mean1anu1 ord1nat1ons with far Tess cTuster1ng .Gauch et al.
(T977) found that PCA ordinations are “often improved bv data transform-
ations which reduce the effects of do inant spec1es. They show that
such treatments extend the range of e a diversities (degree of fTor1s-

‘tic difference among stands iay be ordinated without severe '

ed1stort1on

1om log tranSformed data are

"’h

Only the ord1nat1ons der1ved
_used in this thes1s.‘ The f1rst two pr1nc1pa1 components respect1ve1y
accounted for 31% and 15% of the variance in- the Towns1te vegetat1on
vdata, and for 41% and 10% in the West Mine data. Locattons of the

stands on the ordinations are shown in Fig. 5. o ' s
’ SV . o A

Mounta1n Park Towns1te\ .

Correlation with E‘nvwonmental Factors Of' fhe measured
edaphic var1ab1es, fine earth_content was most strongTy correTated with .

both the first and second axes (Table 7). The first axis was also-
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ordinations.

were used as X and Y axes, respect1ve1y

"

‘The first and second principal components

13

Townsite Stand Numbers
' 10 .
s 9._—
11s
T 3
. .
+ R RS %
e5| 15
12 .
8. . - 4
14 *6
.1 T
013
| west Mine Stand Numbers
. _
v «26°
. 1 T21
L]
© " .32
34
30 |-
33. | 8 L
} — f — + = t
' 20'23 .53 .
ey 31 ' ,
259 ‘ .17
29 *19 *22 ' -+ 2
24¢ ' Y
Vgaf
4 . .
B 160
o i
o
‘Figure 5. Stand locations on the Mountain Park Townsite and West Mine
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Table 7. Spearman rank-order correlations ( between the first and
- second principal eomponents, der1veé from PCA of the Mountain
Park Townsite vegetation data, and selected edaphic var1ablés

jN 15)
: ‘ B | Depth Principal Components
Edaphic Variable . (cm) 1 2
Fine Earth Content (% <2 mm) . 0-5 0. 62% 0.63*%*
‘ , 13-18" 0.43 0.79**
. - 0.76** 0. 59**
~ Sand Content (%) " .0-5 -0.31 0.00
: | 13-18 -0.35 -0.03
Silt Content (%)  ° ° " 0-5 0.38 0.29
. ' 13-18 0.40 0.13
Clay Content (%) 0-5 0.30 0.04
‘ - 13-18 0.03 -0.06
~ Available Water Holding Capacity (%) 0-5 0.72%x 0.61%*
| 13-18 0.72%* 0.38
Total Exchange Capacity (m.e. 100 g !
whole soil? ' ’ 0-18 0.68** ~0.29
pH | . 0-5  -0.39 0.13
13-18 -0.44* 0.08
‘ E1ectr1ca1 Conduct1v1ty (mmhos cm 1) 0-18 -0.50* -0.03
Available P (ppm) R 0-18 0.60%  0.37
Available K. (ppm) 0518w 0.10 -0.48*
Exchangeable Ca (m.e. 100 g~! whole soil) 0-18 0.02 0.40
”Exchangeable Mg (m.e. 100 g"! whole soil) 0-18 ~  0.31 -0.14
Exchangeable Na (m.e. 100 g1 whole soil)* 0-18 -0.34  0.02
Exchangeable K (m.e. 100 g~! whole so1]) 0-18 0.60**  ° 0.35
Coal Content (% of >2 mm) , ‘ 0-5 0.25 0.46%
Sandstone Content.(%_of >2 mm) 0-5 -0.12 -0.12
Siltstone and Shale Content (% of >2 mm) 0-5 -0.32 -0.50

*Significant at P s 0.05.
- **Significant at P s 0.01.
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strongly correlated with available water holding capacity, total
exchange capacity, avai]ab]é phosphorus, and exchaﬁgeab1e botassium;

and the second axis with available water holding capacity; 0f the
topographic variables only slope aspect showed strong patterhiﬂg on the
ordination (Fig. 6).

Thus, bbth axes correspond to complex topograehic and edaphic
gradienté. From 1eft to right the first axie ranges from relatively
xeric conditions in spoils with Tow water holding and total exchange
' capacities, predominantly on N-facingns]opes, to more mesic conditiens
with higher water holding and total exchange capacities on flat ground.

The second axis distinguishes the standsvon N-facing slopes, where
condifions are also re]ative]yemesfc (Fig. 6).- |

| The results suggest possible interactions between aspect and ..
edaphic variables. This may be due to the prevailing southwesfer]y'
‘winds which deposit fine-grained particles (mostly coal fjnes) on the
northerly slopes: SUrface (0-5 cm) fine earth contents tend to be
1_higher in spoils on the N-facing slopes and lower in spoils on the
unprotected w-fae{ng s1opes.‘ ‘ .

Response Patterns of .Species and “Community Attributes. Total
plant cover and species richness are plotted on the ordination in
Fig. 7. The resu1ts_sug§eét that only a few species are able to survive
in the coarser, more xeric spdi]s (on the 1eft). ‘Tota1 plant cover and
species richness increased substantially in spoils with higher fine
earth contents (up and to the right on the erdination).

The responses of species to the environmental gradients were
grouped, into five major response pattefn types. Representative species

of each group were chosen to illustrate the patterns.



ey

43

Figure 6. Patterns of selected environmental variables on

Mountain Park Townsite ordination,

the
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Species Richness
(no. species/stand)

Total Plant Cover

Higher

29

28

28

Agropyron latiglume cover

Agropyron trachycaulum cover

Aster sibiricus cover

Trifolium pratense cover

Figure 7.

a________,——ﬂ’—_\

Response patterns of community attributes. and selected
species on the Mountain Park Townsite ordination. A
numerical scale was used to represent percent cover:

0 = absent; 1 = <0.01% cover and/or ‘present but not sampled;
2 = 0.0K0.09%; 3 = 0.10-0.99%; 4 = 1.00-1.99%; § = 2.00-
3.99%; 6 X 4.00-6.99%; 9 =-13.00-15.99%.

.99




45
1) Ubiquitous species (common, with wide ecological amplitude): Agropyron
latiglume, A. trachycaulun (Fig. 7); Festucd samtmontana, Poa alpina,
P. interior, Potentilla btptnnattftda potentilla norvegica, and Tara-
xacum of ficinale. Species of this group have high stand presences (60-
100%). Although widely distributed, they increase in abundance with |
spoil fine earth content.
2) Common Species, but absent from spoils of ré]atﬁvety Tow fine earth
content: Aster stbtrmcus, Tpifolium pratense (Fig. 7);‘Acﬁilled
miZZefbitum, Agropyron repens, Astragalus vexilliflexus, Hordeum
Jubatum, Phacelia sericea, Poa pratensis, PotentiZZa fruttcosa, and
Solidago multiradiqta. Stand presence 1is var1ab1e ranging from 33%
to 73%. )
3) Species restricted to spoils of relatively high fine earth content
on level ground: Fragaria virginiand, Oxytropis spléndens (Fig. 8);
Astragalus aZptnus, Draba aurea, Oxytropis defiexa,band Senecio canus.
Stand presence is 10w, ranging from 20 to 27%. o
4) Spec1es restricted to the. centra] portion of the environmental 1
grad1ents Artemisia borealis (Fig. 8). | . .
- 5) Species restricted to N-facing S]OpeS Eptlobtum angusttfbltum, \\.
Galeopszs tetrahtt Salix galuca (Fig. 8) and Festuca rubra. Surfacé N\
‘spoi]s on tﬁe northern slopes consist predominantly of aeolian depos1t- \\
ed coal fines, and conditions are relatively mesic. Although not | -
'restricted‘to N-facing slopes, F. rubra is more common and abundant on
them; and so is included here.
6) Spec1es w1th scattered distributions: Ramunculus ecris, Rumex

mexicanus, and Trtsetum sptcatum These spec1es have eco1og1ca11y

t
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Fragaria virginiana cover

’ Oxytropis splendens cover '

+

o 0
00

Artemisia borealis cover

Epilobium angustifolium cover

0 1
i
o]
0
0 0
0
4 | . , |
0 0
%
b 0
Galeopsis tetrahit cover Sailx glauca cover -
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~ Figure 8. Species response patterns on the Mountain Park Townsite

: ordination. A numerical scale was used to represent percent
cover: 0 = absent; 1 = <0.01% cover and/or present but not
sampled; 2 = 0.01-0.09%; 3 = 0.10-0.99%. :
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“uninterpretable distributions. )

Results of the correlation analysis subport the ordination
‘findings (Table 8). Total plant cover, species richness, and most
species are S1gn1f1cant1y correlated W1th fine earth content ava11ab1e
K water holding capacity, total exchange capacjty, and other edaphic

variables. These results suggest strong,edaphic control of species

distributions, species abundances, and, hence, community development.

¥

Mountain Park West Mine

~ Co’rrelation with Environmental Factors. The first axis was
.correlated witn,several edaphic variables but most strongly with c?ay
content, silt content, and sand content (Table 9; F1g 9). Tke topo- -
graph1c var1ab1es showed no clear patterns when plotted on the ordin-
ation. Thus, the first axis corresponds to a spo11 texture grad1ent

It ranges from re]at1ve1y xeric, coarse textured spo1ls with h1gh pHs

on the left, to more me51c, fine textured sp01ls with neutral pHs on

the right.

The second axis was uncorrelated with topographic variables
and only weakly corre1ated with edaphic variab1es (Table 9). Litt]e
confidence can be p]aced in any topograph1c or edaph1c 1nterpretat1on-'
of th1s ax1s

Response Patterns of Species and Community Attributes. Total
plant cover’and species ricnness are very low in the coarser textured
spoils (Fig. 10). Both increased from 1eft.to‘right'on the ordination
field, 7.e. are higher in finer textured spoils.

Species response patterns were divided into six groups.

1) Ub1qu1t0us species: Agropyron Zattglume, Artemisia borealis (F1g

10); AchzZZea millefolium, Agropyron trachycaulum, Deschampsza caespitosa,
' {
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Table 9. Spearman rank-order corre]at1ons between the first and
second principal components, der1vea from PCA of the Mountain
Park West Mine vegetat1on data and se]ected edaph1c variables

(N = 19)
i; . .
' ' ’ Depth Principal Components
Edaphic Variable : (cm) 1 2 '
"Fine Earth Content (% <2 mm) 0-5 0¥s5 10.08
) 13-18 0.00  10.50%
Sand Content (%) . 0-5  -0.58** -0.20
' | o 13-18  -0.59%*  -0.14
Silt Content (%) 0-5 ©0.59%* 0.13
o 3-18 0.45% 0.20
Clay Content (%) : 0-5 0.44* 0.28
: - 13-18° 0.64%* 0.1
Available Water Holding Capacfty (%) . 0-5 0.49* ., 0.20
. 13-18 0.36 -0.06
Total Exchange Capac1ty (m.e. %OO g ! ' ) :
whole soil) : 0-18 0.46* -0.17 «
pH , o . 0-5 <055 0.2
| o S 13-18 -0.43* . 0.00
Electrical Conductivity (mmhos cm 1)  ° 0-18 -0.50* 0.01
Available P (ppm) ©0-18 0.56% 0.02
Available K (ppm)’ - | 0-18 ~ 0.32 . -0.03
Exchangeable Ca (m.e. 100 g7} whole soil) 0-18 0.15 --0.33
_Exchangeable Mg (m.e. 100 ¢! whole soil) 0-18 -0.06 - -0.40*
Exchangeable Na (m.e. 100 g™! whole soil) 0-18 ~ 0.23 '~ -0.48
Exchangeable K (m.e. 100 g"! whole soil) 0-18 0.28 = -0.29
" Coal Content (% >23mm) { - 0-5 0.15 - .0.46*
Sandstone Content (% >2 mm) 0-5 0.28 0.07

Siltstone and Shale Content (% >2 mm) 0-5 -0.31. -0.17

* Sjgnificant.at P s 0.05.

** Significant at P < 0.01.
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Festuca bafftnenszs, Hedysarum alpinum, Poa aZana, P. znterzor, P.
secunda, and Trisetun spicatun. They range -in presence from 58% to 90%
and have\widefamp1ifUQes on the edaphic gradient. Most species increase
5n abundance from left to right along the graeient. Arnotable,erception
is Artemzsia‘borealis which is more abundant near the center of the -
'gradient.: | |

2) Common species, but absent from the coarser textured spoils: Fesiuca

 saximontana, Oxytropis defZexd‘(Fig 11) ~ Astragalus asznus, Aster

szbmrzcus, Cerastzum beerzngzanum, EpLZobzum angustszlzum, Mértensta
panzculata, Solzdago multtradzata, and Tarazacum officinale.’ Spec1es
stand presences range from 26 to 58%.

3) Spec1es restr1cted to the finer textured spo1ls Arenarza rubeZZa,

,‘Gentzanella amarella (F1g 11); Agoserzs glauca, Botrychzum Zunarza,

Draba aurea, EZymus innovatus, Erzgeron trtfzdus Soltdago decumbens,

and Trifolium pratense. Stand presences are re]atjvely Tow; rang1ng

from 16% to 32%.  These species occur only in the nOSt mesic stands.

‘4) Snecies restricted to, or more abundant in the coarser textureg”““,
. . R . (S

spoils: Crepis nana, Eriogonum androsaceuwm (Fig. 12); andvEpiZobiuﬁ

latifolium. They range in presence from 26% to 84%. EpiZobinm and

Eriogonum have rather narrow amp11tudes, whereas Crepzs 1s w1de1y

~

d1str1buted These species are probably more xerophyt1c than those of
other groups , _ | | '

5) Species restricted to the central portion of the edaphic gradient:
Astragalus aboriginun; A. vexilliflexus (Fig. 12); Crepis elegans, and

Draba oligagperma.. They have relatively low stand presences; ranging

igand narrow amp]ituﬂes'dn.the edaphic gradient.,

+ttered distributionsi Equisetum arvense, Fragaria
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virginiana, Phlewn alpinum, Saliz glauca, and Stellaria longipes.
Equisetum is more abundant in the finer textured speils. The remaining
species showed no clear patterns on the ordination.

The community and spec1es attr1butes were subjected to
correlationﬁanalysis with all edaphic variables (Table 10)." The results
support the ordinat{on findings. Totql p1ant‘cover, species richness, |
and most sbecies were corre]atedtﬁith silt cohtent, clay content, avail-
able water holding capacity, total exchange capacity, available phosphor-
us, and other edaphic vakiab]es. Crepis nana and Epilobium latifoliwm
were more abundant in the coarser textured spoils and were ‘the only
| Spec1es pos1t1ve1y correlated with sand content.

The results suggest that edaphic factors play a major role in

controlling p]ént distribution on the west minesite.

Comparison of the Mountain Park Townsite and West Mine

Ordination Results

On boﬁh study sites, total plani cover and species richness -
range from very low in the coarser, more xeric spoils, to higher in
finer, more mesic Spoi]s. While the range of total cover is similar
on the two sites, that of species richness is much wider at the West
Mine, due to the large number of_specigf in:stands 16 and 17. These
stands have the finest textured'spoils and most mesic conditions of
stégds»at eithér siﬁe.,

Some species‘showed similar reSponse}patterns on the twa
ordinationS' Agr0pyronrlatiglumeg A. trachycaﬁlum, Poa alpina, and P.
interior are ubiquitous at both sites; Aster atbtrtcus and Solidago
multiradiata are common, but absent from the coarser, more xeric Spo1ls

at both sites; and Draba aurea is restricted to the more mesic spoils
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Table 10. Significant Spearman rank-order correlations (P ¢ 0.05) between plant verfables and selected edaphic variables using Mountain Park

Nest Mine stand data (N = 19).

Species are grouped according to thetr distribution patterns on the PCA ordination (sec p. 47).

Fine Earth Content . St Avaflable
.FSL__;n&__i < { - 3and Eonﬁs* () g?_nmm‘m e.u.n ¢, {3} 1.£..2 P (ppm) pH
Plant Yarfables [ -3 = -3 cm R -5 cm -8 cm O *IJJS om 0-18 cm 0-18cm  0-5¢cm
(u-mit{ Attributes
Total Plant Cover - -- + " Va4 44 + --
Species Richness - -- L8] 4 4 --
Species Group !
Achillea millefoltium - - . + + . . + -
Agropyren latiglume . -- - + 4 44 + + + -
Agropyren trachycau lum + . . . i -
Artemisia borealis . . + . + .
Deachamyeia caespitosa . - . + . . . . +
Festuca baffinensis . - - . + + + + 44 .-
Hedusarum alpinum + - - + + . . +
Pea alpina - - + " + . + 44 -
Pea interior R . .- . " 4 4 4 + -
Fra secunda . -- .- +4 +H + + + ‘+ -
Trinetum spicatim' .- -- ++ + + +
Species 6roup 2
Astragalus alpinus o -- -- ++ o . . + .
Aster -#ibiricus .- 4 + 4 + .
Coratium berringianum . - . +4 4 +4 + - "
Erilobiue angustifolium - - . +H + + 4+ + f -
Featuca saximontana - -- +4 +4 . R + .
Mertensia paniculata , - -, + + N N 44 -
Qeytrepie deflexa - . + +4 + 4 -
felidage meltiradiata - - + + . . . + .
Tararasm cfficinale - - + + ++ 4 + -
Spectes Group 3 *
Agcserin glauca . -- .- + + +4 +“ 4 + -
Arengria rubella ¢ - - + -+ e + M .
“Betrychium lunaria -- -- + A ++ 44+ + +
Dl vrer . .- - + + ++ 4 + +
Elyman fmmocatus + - - + + +4+ + + -
Erigoron trd fidus . - . + . + .
sentiume! Ly amarella + + - - + 4+ 44 44 44 .
Solidag: decrml-rne -- - + e + + +
Trifolium prgtense -- + ++ 4 ,
Specfes Group 4 :
(repis nana + i+ - - -
Epilobiwm latifolium . + : e -
Eriogomen androsaceum / . .
Species Group 5
Astragalus aborigimem . + + -
Astragalus vezilliflezus . ( .
Crepic elegans . . . .
Draba oligosperma - - - . . + + -
Species Group 6 .
Ejuisetm arvense + +
Fragaria virginian: . N . "
Fhleum alpimim . - + . .
- 4 .

Salix glauca
Stellaria lomgipes

'Available water holding capacity.

2Total exchange capacity (m.e. 100 g™ whole soil).

34, -, and ¢+, -- correspond to significant positive and pegative correlations at ¥ « 0.05 and P s 0.01, respectively.
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- at both sites. Many spec1es, however, §howed very different response
patterns on the two ord1nat1ons Potentilla bzpznnattftda and P. norvegica
are ubiquitous at the Townsite but rare and absent,'respective]y, at the
West Mine; Deschampsia caespitosa, Festuca baffinensis, Hedysarum
alpinum, andﬁPoa secunda are ubiquitous at the West Mine but rare or
absent at the Townsite; Artemisia borealis is ubiquitous at the West
Mine but restr1cted to ‘the central portion of the environmental gradient
at the Towns1te,.EpzZobtum_angustszZzum is common at the West Mine but
occurs only on N-facing slopes at the Fownsite; and Astragalus vexilli-
flexus is common at the Townsite but restricted to the central portion
of the environmental gradient at the West Mine. These results probably
ref]ect f]or1st1c and/or environmental d1fferences between the two sites.
Species restricted to the extremes of the environmental gradient
on tbe West Mine ordination are rare or absent at the Towns1te‘ This
suggests that the West M1ne has a W1der range of habitats than the Town-
site. For example, Agosems gZauca, Arenama rubella, Botrychtwn lunaria,
Elymus tnnovatue, Erigeron trifidus, Gentianella amareZZa, and Solidago
decumbens occur on]y in the finer textured, more mesic spoils at the West
~ Mine, but are rare or absent at the Townsite. Similarly, CPepLS nana,
Epilobium Zattfoltum and Eriogonum androsaceum are restmcted to or, in
the cdse of Crepis, more abundant in the coarser textured, more xeric |

spoils at the West Mine, but are absent entirely at the Townsite.

Community Classification

C]uster Ana]ysis

The‘cluster dendrogram based on species presence- absence

(qua]1tat1ve) data 1s a useful and ecologically interpretable
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- representation of stand relationships (Fig. 13). It cleanly separates
the Towhsite frbm the West Mine stands, thus i]]ustrating their floris-
tic differences.

Iﬁ contrast, fhe dendrogram derived from species cover
(quantitative) data is a poor represeniatibn of stand ecological
relationships and thus, was of little use in commun1ty classification.
[ts poor performance may be because Euclidean distance, which was the
s1m1]ar1ty 1ndex used in cluster analysis to compare stands, squares the
spécies impoftance va]ues (see Sneath and Sokal 1973 for euclidean
distance formula). Th1s emphasizes the more abundant species, which
' in}this study tend to be widely distributed and ]ess.éco]ogica]]y
distinguishiﬁg.

Using the qualitative déndrogram PCA results, and field
observat1ons, seven p]ant commun1ty types (ct s) were recognized:; three
at the Towns1te and four at the West Mine (F1g. 13). These are Shown

plotted on the PCA ordinations in Fig. 14,

Description of Plant Communities

The vegetation of both s1tes consists of sparse, most]y herb-
aceous plant communities dom1nated by perenn1a1 grasses and forbs.
Total plant cover is low (05ua11y <15%) and isolated plants are Common.
Trees are rare; occur in protected areas, and often display stunted |
grbwth-fbrms. Shrubs are more common but contribute little to the
total plant cover. Bryophytes occur in mesic, protected microsites,
e.g., between and under rocks or where vascular cover is high, but
- achieve little cover. Foliose lichens otcur in the most mesic areas on
fhe West Mine, but have Very Tow cover. Fruticose and crustose Tichens

are lacking entirely.



Figure 13.

N oo AW —

%

C]uster'dendrogram‘derived from Ward's (1963) method of

cluster analysis applied to qualitative vegetation data from

the Mountain Park Townsite and West Mine study sites. The
vertical scale is a coefficient which is twice the increase
in the error sum of‘squares caused by fusion at that level.
Seven community typés'were recognized:

Agropyron spp. - Artemisia borealis -
- Agropyron latiglume - A. repens

Festuca rubra - Epilobium angustifblium
Equisetum arvense - Potentilla fruticosa‘,
Agropyron Zatiglume - Crepis elegans
Agoseris glauca - Crepis mana ‘

Crepies nana - Eriogonum androsaceum
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Townsite

Festuca rubra — Eplloblum
angustifolium ct

010

Agropyron latighime —A.
repens ct

Agropyron spp. — Artemisia
borealis ct

West Mine

Agoseris glauca — Crepis nana ct

Agropyron Iatiglume
Crepis elegans ct

18e

-
-~
-
-4

20' 28 23
27 31
25 19 2.2
2908 ' +
28~ |

Crepis nana ~ Eriogonum
androsaceum ct

Equisetum arvense = Potentilla
fruticosa ct

Figure 14. Stand locations and community types on the Mounta1n Park
Townsite and West Mine PCA ordinations.
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Mountain Pafk Towmsite Commmnities (Table 11, see attached
packet). 1) Festucé ruéra - Epilobium angustifolium community type
(stands 9, 10, 11), occurs at.the northern end of the minesite on N- and
NNE-facing s]bpes, where protected from the prgxai]ing éouth@esterly
winds. Surface spoils consist predominantly of aeolian deposjfed coal
fines (e§pecia11y in stands 9 and ]J) with relatively high fine earth
content. | . |

Fesiuca rubra iS‘domihént in:most standéﬂ Agfqpyron trachy-
caulum is usually Secohd in abundance but achieves dominance in stand 9.
Other relatively abundant spe¢ies-$re Epilobium angustifolium, Taraxacum
offiqinéle'and Aéhiilea ﬁilléfblium. Several character species dis-
tinguish thisvct, inc]ﬂdihg Ebilobium angustifblium,-Taraxacum officinaie,
Saliz glauca, and Galeopsisftetraﬁit. |

Tbtal plant cover is higher than.fn other‘Towhsite ct's (x =
7.0%). Avérage.species richness is also relatively high at 23.

2) Agropyrén Zatiglumé - A répens community typg'(stand$'3;'4, ]3)}

This ct oécurs on level to s]igﬁtiy Uhdulating grouhd’near the -
center of the minesite. Average fine earth cogtent of its spoils is

',second higheStvof the Townsite ct's. |

Agropyron latiglume is dominant in a11>sfands and achieves
maximum cover ih this‘ct; Other relatively abundaht specieﬁiake Poat
pratensis, Agropyron trachycaulum, Potentilla norvegica, and P.
bipinnatifida."A number of species have diagnostic vaTue, iné]ﬁding
Agropyron repens, Astragalus vexilliflexﬁs, Fragaria virginiana,
Oxytiopié deflexa, 0. splendens, and Semecio canus.

This ct has the highést species rjchness (x = 28) and the

second highest total plant cd&er (X = 4.9%) of thé Townsite ct's.

N
o

7
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3) Agropyron ;c,pp P Artemisia borealis commumty type (stands 1, 2,."5,
6, 7, 8, 12, 14, 15)

This is the most common and widely diétributed ct at the Town-

.site; occurring on Teve] ground and W- and E’facing s]opes The spoils
'generally have lower fine earth content, available water ho1d1ng
capac1ty, and total exchange capacity than those in other Townsite ct' S.

Agropyron Zatzglume and 4. trachycaulum are usually co- dom1n-
ant; Y}araxacum officinale is also relat1ve1y'abundant, achieving
dominance‘in sfands 5 and 14. , B

This ct has the Towest total plant cover (x = 0.64%) and
spenies richness (i = 12) of any Townsite ct. Furthermore, there are
novcharacter species | Species of commnn occurrence here are Eommon and
often more abundant in other ct's, and thus of ]1tt1e d1agnost1c va1ue

‘Artemzsza borealzs occurs exc1u51ve]y in this ct, but in only three of
the nine stands . . |

. B Movunvtawvlv Park West Mine conmnities (Tab]e' ]2, .see attached

v packet). | . o N
1) Equtsetum arvense - Potentzlla fruticosa comumty type ’(stands 16
7)o |

This ct.is restricted to oné.small spoii-heap‘at the NW end -

.of the minesite - It is the most mesic ct of both Sites In genera1,
‘the spoils have finer textures and h1gher water holding and tota]

; exchange capac1t1es than those in other ct' S.

It s further distinguished by having the highest total pTant

cover (X = 8.2%) and spec1es r1chness (i = 49) of the ct's of both study
sité$ The dom1nant spec1es are Equisetum arvense and Agropyron lati-

glume. Equisetum is un1form1y distributed and forms the matrix of the .
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community There are many character species, 1nc1ud1ng Androsace
septentmonalzs, Arenaria rubella, Elymus innovatus, Equzsetwn arvense, |
‘Oxytropszs splendens, PhZewn alpinum, Potentilla fruticosa, and Rumex
alpestris. | |
- Shrubs and bryophytes attain their greatest abundance {n this
ct, but still cbntribute.litfle to its tota] cover. Lichens, represent-
ed by Peltigera spp., occur only in this ct and thus are of diagnostic '
value. o | |
2) ngoéeris‘gZauaa - Crepis nana conmunity type (stands 21, 26,. 32)
."This‘et-is not'extensive,-but occurs locally on level ground
in several areas on the minesite. The spoils are relatively fine
textured. - Agropyron latiglume is dom1nant in all stands. Other abundant
spec1es are Agoseris glauca, Poa interior, Achillea mZZefoZawn
Oxytropis defZexa, and Hedysarwn alpinum, |
* This ct has no character spec1es of its own, but is d1st1ngu1sh-
ed from the E'quzsetwn—Potent'LZZa ct by the pr‘esence of Crepzs nana and
absence of Equisetum arvense, and from the rema1n1ng West Mlne ct s by
the presence of Agosems glauca and Botrychzum Zunama
3) Agropyron Zattglume - Crepis eZegans community type (stands 18, 23,
30, 33, 34) ' |
~ A common ct on N, S, and E- fac1ng slopes. The spoiisvare
relatively coarse textured Total»plant cover (x = 0.54%) and spécies
richness (x = 20) are low compared to most other West Mine ct's"
| Dom1nance varies iéd is unrelated to s]ope aspect. Agropyron
latiglume has the highest average cover and Artemmsza borealis 1is
second. Agropypon tpachy;nulum, POa alpina, A;EEileéémzZZebetum, and

Crepts nana ar® occasionally rglat1ve1y abundant Crepis elegans and
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Astragalus aboriginum are character specfes,‘but do not have high
community presence and thus are only of moderate diagnostic value.
4) Crepis nana - Eriogonum androsacéun community type (stands 19 20
22, 24, 25, 271, 28, 29, 31) |

This is the most extensive west Mine ct; occupying large areas
on ]eve1 ground and N, W, and E-facing s]opes Spoil textures are |
vgenera]]y sandier, and water ho]dwng and tota] exchange capacities 1ower
‘than in other West Mine ct's.

Total p]ant cover (i =.0.08%) and species r1chness (X = 10)
v are the lowest of the ct s at both sites.
) A]though dom1nance varies, Crepts nana is cons1stent1y .
abundant and Artemtsza borealts Agropyron trachycaulwn and Hedysarwn
alpmum are frequenﬂy abundant Eriogonum androsacewn and Epilobiwn
latifolium are character spec1es, but have moderate d1agnost1c value

-

'because their presence s low.

.Transect Study

STopes sampled at the Townsite ranged in length from 8 to 39

Com had predominantly western and northern exposures, and ranged in

mid-slope ang]e from 27 to 35° Those samp]ed at the West Mine varied
in length from 7 to 46 m, had mostly northern and eastern exposures,

~and ranged in mid-slope angle from 22 to 35°.

Effects of Slope Position

Spec1es r1chness and total p]ant cover varied s1gn1f1cant]y
with s]ope p051t1on on both s dy sites (Tab]e 13) and were greatest at
- the slope base position (Tables 14 and 15).‘ At the Townsite, the top

- and lower-slope positions were richer than the upper-slope, and had
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Table 13. Results of Friedman's aﬁa]yses of variance by ranks, which
| “test the effects of slope position on species richness and

tota] plant cover using Mounta1n Park Towns1te and West Mine

transect data.

Data

Friedman's Test Statistic

Townsite .

Species Richness_
~ (no. species 4 m 2)

~ Total P]ant Cover (%)
West M1ne

Spec1es Richness
(no. species 4 m 2)

Total Plant Cover (%)

56. 4*x*

62-%***

56, 5RRk
57 . 9***

***The effects of slope position are significant at‘P < 0.005.
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Table 14. Effects of slope position on species richness at the'Mountain
' Park Townsite and West Mine. The Wilcoxon two-sample test was.
used to test for S1gn1f1cant d1fferences between the study

~ sites.
san No. i w2 . :

| Medjan No. Spec1es 4 m :significance of
‘STope Position _ Townsite West Mine  Wilcoxon Test
Top . - 4R ape - NS
Crest 1 be 2 ¢ ..Ns.
Upper-slope - , | 0 'c‘ o 3 bc . ok
Mid-slope - o 0 bc 4 he : e
quer—s]ope<' .o 3 b 4 b  ‘ NS
Base - | : | 9 a 12 a *x

+Each median is based on a sample size of 21.
++Medians followed by the same letter within a column are not s1gn1f1cant-
ly different at the 5% confidence level, according 'to the multiple-

compar1son procedure: recommended by Daniel (1978) for use w1th the
Friedman's test. . | ! ' N v

**Differences between the study sites‘are significant at L 0 01

NS: dD{fferehces between the study sftes'ake’not signfficent (P > O 05)
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Table 15. Effects of slope position on tota] p]ant cover at the Mounta1n
‘ Park Townsite and West Mine. The Wilcoxon two ~-sample test: was
used to test for s1gn1f1cant d1fferences between the study

sites.
e , . Median Total Plant Coveh.(Z)g Significance of

Slope Position, - Townsite - West Mine - Wilcoxon Test

Top o, 2ate” 0.6 b NS

Crest ‘Ad ‘t. o 0.1 ¢ G@Zi‘c‘- d NS
“Upper-siope . 0.0 ¢ ‘ 0.2 ¢ * |

Mid-slope o 0.0 c 0.2 b  *

Lower-slope 0.9 b 2 0.8b NS

Base o 8.4 a 1.2 a NS

+Each median is based on a samp]e size of 21.

++Med1ans fo]]owed by the same leﬁﬁer w1th1n a column are not signific- .
antly different at the 5% confidence level, according to the multi-
p1e-compar1son procedure recommended by Dan1e1 (1978? for use with the
Fr1edman s test. : , hﬁg o :

*D1fferences between the s1tes are s1gmf1cant atés 0.05.
: %
NS: D1fferences between the study s1tes are not s1gn1f1cant (P > 0 05)

F o« ;),
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h1gher cover than the upper-siope, mid- s]ope and cre%t positions. At
the West Mine, the lower-slope pos1t1on was richer thgn the crest, and |
had higher cover than the crest and upper slope positfons Thus at
both sites, total cover and spécies richness were h AJéhest at the slope
base, and lowest at the upper-slope, mid- -slope, and/or crest pos1t1ons

Spec1es varied in their response to gﬁope pos1tlon (F1g#/

o= // -

and 16).. Some showed w1de eco]og1ca1 amp11tude by occurr1n éat a]] Six
slope pos1t10ns, including: at the Towns1te Agropyron Zatz;iume, A.
trachycaulum, Poa pratensis, andfhraxacum officinale; at the West Mine,
Achtllea mtllefbltum, Agoseris gZauca Agropyron latiglume, A. trachy;

caulum, Artemisia borealis, Astragalus aZpinus, Crepis nanq,»Féstuca

. baffinensis, F. saxtmontana, Hedysarum alpimum, Ozytropis defleza, Poa

~alpina, P. interior, P. secunda, Splidago multiradiata, Tarazacum

officinale, -and Trisetum spioatuM;
Other®species were more restricted in distribution. For

example, several species occurredwonly at the relatively mesic and

‘protected Tower-slope and/or base positions. These are: Draba aurea,

Oxytropts deflexa, Solidago multiradiata, and Trtfbltum hybridum at the

Townsite (Fig. 15); Astragalus eucosmus, Custilleja ocoidentalis,

" Phleum alpinum, and Trifolium hybridum at the West Mine (Fig. 16); and

most of the rare species at both sites. _
. Although species differed in ecoiogical amplitude, most

. showed 51m1]ar response to changes in slope position. The majority of

species at both s1tes occurred most frequent]y at the slope base

position, and: less (often least) frequent)y at the crest. upper s]ope,

and[or mnd slope positions (F1gs 15 and 16) Notab]e/except1ons were |

Potentzlla norveg%ca and Hordeum Jubatum at the Town51te, which occurred |

o
\
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Achillea mielohum
Agropyron Ilqulumg
Agropyron trackycaylum
Aster sibinicus

Oraba aurea
ffswca saximontana
Horgeum jubatum
Oxytropis deltexa
Pos aipina

Poa interror

Poa pratensis
Potentdia bipinngtifids
Potentiia norvegica
Solidago multirachata
VTylucum officinale

Trrlolem hyprdum

Trjoium pratense

Species

Figure 15.
‘ _ on the-

Species bceurring in >15% of all quadrats and/or in >15% of

:
frequencies

v

(%) at each of six hajor slope positions

Mountain Park Townsite (N = 21 for each position).

quadratsi at any one slope position are included.
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Siope Posttion Top Crest Upper-Siope Mid-Slope Lower-Slope Base

Species Frequency (%; 28 %0 718 T 25 %0 78 23 50 718 [ 25 80 78 25 B0 78 25 80 1%

A L L i 1 1 . 1 L 1 -l 1 i Il 1 L -

Achiliea miltetolhum
Agoseris glauca
Agropyron latigiume
Agropyron trachycauium
Artermisia borealis
Astragaius alpinus
Aslragatus eucosmus
Castitiera occioentans
Crepts nana
Deschampsia caespilosa
Elymus innovatus

Epiiobium angustifolium

festuca battinensis
Festuca saxmontana
Fragana wrg‘rmana
Gentianelia amarelia
Hedysarum aipinum
Mertensia panicuiata
Oxytrop:s defiexa
Phieumn sipinum

Fos aipina

Poa interor

Poa secunds .

Saix glauce
Soiiago multiradata
Taraxacum oMicinaie
Triohium hyOl;dum

Trtohum pratense

Tnsetum spicatum

Figure 16. - Species frequencies (%) at each of six major slope positions
on the Mountain Park West Mine (N = 21 for each position).
Species accurring in >15% of all quadrats and/or in >15%
of quadrats at any one slope position are included.
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more frequently at the top position, and Crepis nana and Artemisia
bofeagfs at the West Mine, which showed 1ittle preference for any
slope position.

The results suggest strong environmental control of species
richness; total plant covef, and spécies abundances on slopes at both
study sites. Cpnditioné‘for p]ant'surviVal appear to be most favorable
at the slope base position, and least favofab]e at the upper-siope,

mid-slope, and crest positions.

e

Comparison of the Mountain Park Townsite and West Mine Transect Results
| A total of 82 species occurred in transects at theIWést Mﬁne,;

compared to only 49 at the Townsite. Since the amount of area samp]éd |
on the two sites was the same (504 m?), this suggests thatythe West Mine
is floristically richer on slopes. |

The West Mine is significantly richer in species at the ;;;;:&
-slope, mid-s]ope and base positions (Table 14), and has s1gn1f1cant1y
higher total plant cover at the upper- and mid-slope positions than the
Townsite (Table 15). ‘

Of the 11 non-rare species which occurred atiﬁofh sites in the
transect study, six had substantially higher frequency (overal]) at the
West Mine, including: Agropyron latiglume (61 vs. 30%), Festﬁca
saxiﬁontana (28 vs. 13%), Oxytropis deflexa (23 vél 2%) Poa aZpiﬁa (28
vs. 9%), P. interior (47 vs 6%), and Solidago multiradiata (16 vs. 3%).
Only Agropyron trachyeaulum 6ccurred more frequently gt the fownsite

(28 vs. 45%). The remaining four species differed 1ittle in frequency

. between the two sites: Achillea mzllefblzum (33 vs. 30%), raraxacum

officinale (27 vs. 30%), Trszlzum hybridum (4 vs. '3%) and T. pratenge
(9 vs. 7%). "
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Four of the 11 common species showed the-sahe distrfbutﬁén "
~ pattern .on slopes at the West Mine as at}thevTOWnsite; Agropyron
-Zatéglume, A. trachycaulunm, and Tafaxacum offieinale occurred at all sik
s]ope_po#itions at bo;h sites, and Trifolium hybridum occurred only at
the base position at both sites. In vafyihg degrees, the seven remain-
ing common spec1es were more restricted in distribution at the Towns1te
than West M1ne Most notably, Oxytropts defiexa and Sothago milti-
radiata occurred at all six positions at the West M1ne but were
restricted to the base and lower-slope and base pos1t1ons, respect1ve1y,
at the Townsite (Figs. 15 and 16)

. The ;esults suggest that conditions for plant sufviva] on ‘ 
s]opé§ are more favorable at the West Mine than Townsife,'particularly
at the upper-lgnd mid-slope positions. This could be because spoils at
the West Mine are, on the average, finer textdred, more conso]iaated,

. and more stable on slopes” (personal observation) than those,at the

Townsite.
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DISCUSSION AND CONCLUSIONS
Floristic Survey e

A total of 245 vascular plant speciestere found on cdel
spbi]s at six abahdoned:mihesites in Alberta's Eastern Slopes. The
- largest plant families were Compositae (43 species) and Gramineae (35
| species). The predomfnance ofhthese two families on mined lands has

also‘been nofed by‘Brier1y (1956), Wali and Freeman (]973), A]varez

et aZ.‘(1974), Gdenn-Lewin (1359}, and Jonescu (1979)!

Floristic sjhi]arity of the six minesites. to one another |
ranged from 32 to 68%, indicating that ?heff[oras are neither high]y

similar nor highly dissimilar (see Tab]e 4, p. 29). Of the total

- flora (245 species), 67 species were found on.four or more of the s1tes,3 ‘

and 77 spec1es were found on only one s1te Of the latter group,

'Mounta1n Park West Mine had the most spec1es (29), and Nordegg the

fewest (6).. Thus there is a regional flore\%o

to many or all of

‘the sites, but each minesite also has a degree.of'f]oristic individual-
ity. | | Co

Introduced species were most numerous on mine51tes which are
(or were) in close proximity to -human sett]ements (i.e. Mercoal, Sterco- |

-Coal Val]ey, and Mountawn Park Townsite). Some species may have. been 7

1ntroduced via feed for horses or other:domestic animals. Oths i eies.

- may have escaped from gardens, which are known to have bee

mining settlements in this region (Ross 1974).
| Root (1976) found 36 vascular plant_ taxa on tge Cadomin

‘vstrip mine in 1972 Lh.the'present study, 112 vascu]ah,spec1es were

F ¥ LI
S
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found on the Cadomin.site in 1975 and 1976, 'No other pubTished
-species lists have been found for'minesites'in the Eastern Slopes d;ﬁ_

Alberta. S o | &

Vegetation

After ca. 26 yedrs ot anandonment the natural vegetation on
“the two Mountain Park minesites consists of sparse, most]y'herbaceoué
‘plant communities dominated by peYennta1lgrasses}and forbs. fota]
'plant cover'is~9ény Tow (uSua]iy <15%). Seven community typés (ct's)
were recdgnized based largely on floristic criteria ‘
‘ No previous deser1pt1ons of natura] vegetation on m1ned Tand
have been found for the ﬁastern S]opes of Alberta. Root (1976)
recognized general ct's Qn the Cadomin str1p mine, but offered no
species lists or descriptions for them. Thus the s1m11ar1ty of the
Mountain Park ct's with those on m1ned 1ands e]sewhere in the footh1]1s
and mounta1ns of Alberta is unknown |

In the only other study of mined 1and vegetat1on in A1berta.
Schumacher et al. (1977) investigated general successional patterns on’
coal spdils in the aspen park]and,region; They‘reéognizedsftve stages
in a succession leading t0'§>young aspen parkland community in ca. 50
yearst-l) forb stage, dominated by é_variety of forns, especially -
M@iilotus sp. (1-4 ydd;sjg 2) darly grassland-weed stage, with numerous
weedy species and Hordeum‘jubatum (5-20 yeans)' 3) early graséland
stage, dom1nated by Bromus inermis. (20- 30 years); 4) grassland stage,t -
with Bromus grass]and being invaded by Poa spp., Agropyron sp., and
. Featuea scabrella (30-50 years); 5) early aspencpark1and stage, with

Populus tremuloides groves and Festuca scabrella grassland (50+ years).
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It is evident that ‘succession on spoil materials progresses much faster
in the aspen parkland than in the sUba1p1ne at Mountain Park, and that
the dominent specieslare different.‘ ’

| Workers elsewhere in western North America heve generally not
character1zed mined 1aﬁﬂ vegetation by community c]ass1f1cat1on and
descr1pt1on as was done in this study Thus, comparison between areas
is difficult.. Nonethe]ess, based on subJect1vF compar1sons, m1ned 1and
| plant commun1t1es e]sewhere in western Canada and western U.S.A. |
’(Le1sman 1957, Wali and Freeman 1973, Alvarez et al. 1974 Err1ngton
1975, Taylor 19763 Glenn-Lewin 1979, Jonescu 1979, Sinde]ar 1979)vhave .
Tow ftoristic'similarity Witn those at Mountain Park. This}reflects
regional f]oristic‘and entironmenta] differences |

The m1nes1te plant commun1t1es at Mounta1n Park ‘did net

' change noticeably 1n spec1es compos1t1on or structure over the two- year
, term of this study Nonetheless, they probab]y represent early stages

in a primary succession, which is the process of. commun1ty change that
begins on substrates that had never before‘supported any vegetat1on ’.
t(MdeT]er-Dembois end Ellenberg 1974): The genera1 sparseness of the '
plants and Tow total plant CSVer'suggest that, thus far; succession has
‘sproeeeded predominantly by speeies‘invaston and enrichment. Signifjeent
community changes due to p]ant,interections,.i.e.sautogenic succession,
"have probably ngt,yet occurred. | .' o
| " There have ‘been few stud1es of primary success1on in Canada's
f,Rocky Mountains. The most signjfacant efforts have .been on motainic
materials in the main ranges, near Mt. Robson on the Alberta-British
_Columbia border (Cooper 1916, Heusser 1956, Tisdale et al.-1966). ~

<P10neer'communitiesvdescribed'in these studies, hoWever, have low
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s1m11ar1ty w1th the minesite communities at Mounta1n Park Grasses,
for example, are 1mportant and often predom1nant at Mountain Park but '
have relat1ve1y 1ow importance on the Mt. Robson moraines. Conversely,
dwarf-shrubs are important in early successional communities at Mt.
IRobson, part1cu1ar]y DPyaS‘OctOpetaZa, drummondtt, and Arctostaphylos '
‘rubrq (Cooper 1916, Heusser 1956), but they are rare or absent at
Mountain Park. | |
| Agropyron Zatigznme is a dominant species in five of the seven
ct's described at Mountain Park. A]though its range is fiot fu]]y
known (Hu]tén 1968) A. latiglume is widely distributed in the North
Amer1can arct1c where it is common on well dra1ned alluvialy
- calcareous, sandy or clay soils of the Paleozoic series (Pors11d 1973)}
In'Alberta A. latiglume is restricted'th the Rocky Mountains (pérs.
' eomm;‘d. G. Packer, Department of Botany, UniverSity,of A]berta), where
it occurs often in aninemp1ant communities (Ogilvie 1969, Kuchar 1975,
Mortimer‘1978, Hrapko ahd&laRoi 1978). - It is re]atively‘rarezin the
undisturbed alpine zone on Prospect Mountain~(Mortimer 1978) “ea. 8 km
. W of Mounta1n Park, but frequent on roads1des and other d1sturbed sites
in the a1p1ne and suba1p1ne zones around Mounta1n Park (persona1
| ~ observation). No prévious méntion of Agropyron latiglume as a

community dominant in Alberta has been found.
Environmental Considerations

Tota] plant cover, spec1es richness, species abundances and'
s community patterns are correlated with edaphic factors on both
“intensive study sites. Of the var1ab1es measured correlat1ons were

h1ghest with fine earth content on the Townsite and with c1ay content on .

3



78

~ the West Mine. Thds, variation in physical spoil properties appears

)

- to strongly influence plant distribution on both study sites.

Relationships between plant distribution and edaphic variabil-

‘ity are commonly reported in studies of natural révegétation on mined

- land. Schumacher et al. (197]) indicate that sa]in{ty can be a~méjor

-

/

1imiting factor to ‘natural revegetation of coal spoils in central

~ Alberta, especially whén;combined'with fine textures and/or poor drain-

age. Errington (1975) suggests that coarse texturésfand,'in limited
‘areas, low pHs: iﬁhibit natural reVégetation of mine époi]s in the Weét ‘
Koétehay Mountaiﬁ?yd#IBkitish Co]umbia. Taylor (1976) feports that Tow
1eve1$ of available plant ﬁutrieﬁts, drought, and soil acjdity with

associated metal toxicf%y, are the major faciors inhibitihg natural

‘ reVeQetation of gold mine tailings in the'Northweét'Territories,’

Farther south, Sindelar (1975) observed that higb silt and
c1ay content wéS correlated with relatively rapid pTant'§u¢¢éssion on i
'coal mine spoiis in Montana. Alvarez et al. (T974§Areportf£hét, of the )
variables they measured, spoiT temperature and teiiure, ahétphosphorué |
“and caTciﬁm levels wefe most jmportantkin Contfo]]ing p]ant{distributioﬁf; (
on miﬁe dumps'in'Utéh.v G]enn~Léwih'(1979) ?é]atéd plant diétributionf %_

S . YT | '
patterns to variahility Lﬂ*§§bst;é%e?acidity on coal spoils in SE .Iowa.
{.g a3 Do T : ) ;

" He found that p1aﬁtf:5verf5hﬁ§spec3§s richness were lowest on acid

substrates and highest on Tfion-acid substrates. - .

~ Studies in eéstern'Ng%%h America and Great Britain aléo_show
correlations between plant Qjﬁtribution ahd’e@aphic factors on mined

)

lands (notably: Croxton ]928, Bramble aﬁﬁ*Ash]eﬁ 1955, Brierly 1956,
“Byrnes and Miller 1969, Cornwall 1971, Hogan et al. 1977, Kimber et al.
1978, Tasker and Chadwick 1978). In fact, few studies of natural mined

.land vegetation were found anywhere that-did not mention the variability

. -~
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of the spoils, and the asseciated variabi]ity in vegetation.‘

- Slope position str;hgly 1nf1uences p]ant d1str1but1on on both
intensive study sites. Total plant cover, species r1chness and the
abundance of most species (as measured by frequency) are. h]ghe t at the >
.slope base and 1owest at the upper- slope “mid- -slope, and/or crest
pos1t10ns. 4

Since no environmental measurements were’made‘oh the slopes,

' the cause(s) of these distributien patterns are unkﬁoWn. Observations
suggegt, however, that the s1ope base fs more mesie and 1ess exposed-

to win§ than the other positiens Stability of the spoils is h1gher at
|  the base and Towest at the upper- s]ope and mid-slope pos1t1ons -Also,

- on somegslopes, fine spoil materials accumu]ate at the’1ower—slope and
base p;%itignsjVia downsTope moyemenf ahd/er:aeo1ian depdsitﬁon. Other
factors not observed, but which may be %mportant, {né1ude SNow d}stribu—
tion patterns, seed accumulation at theibase and Tower slopes, and down-
~.slope movement of water soluble nutrients. | | |
| : Studies of natural ﬁjned 1and vegetation madefelsewhere also
| cite the importance Of‘S]Ope»poSition. ‘Root (1976) observed tha; plants
on spoil piles at the Cadomin strip mjne occur more frequently at the
510pe'base position. Jonescu (1979) showed that the natural Vegetatibh'
on ridge s]opes d1ffers substant1a11y.from that in 1nterr1dge areas
(va]leys between the: r1dges on s%r1p mined lands in SE Saskatchewan
She found that 1nterr1dge areas have greater spoil stability than the
ridge}slopes and, in mesiéisites,.have riCher‘ahd more successiona]]y |
" advanced p1ant-communities Err1ngton (1975) reports a 51gn1f1cant

“negative corre1at1on between tota1 p]ant cover and’ d1stance from the

- slope base on mine waste s]opes in Br1t1sh Columb1a. He'suggestsathat
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this may be dUe to  greater moisture ava11ab111ty at the 1ower slope

positions. On surface mined land w1th "ridge-trough" t0pography in

~ Indiana, Byrnes and M1]1er (1969) found that p]ant co\er was higher in

the troughs than on ridges or slopes. This was corre]ated with h1gher

" s0il content,(<2mm) of the spoils in the troughs Hall (1957) and .

Mo]yneux (1963) note that natura] vegetat1on is often concentrated on

the Tower slopes of coal spo11 heaps in Eng]and
COmparﬁsOn of'the IntensiVe StudyaSites

" The f]oras of the two Mounta1n Park m1nes1tes are s1gn1f1cant—

1y d1ss1m11ar (57% similarity).. Also, none of the seven commun1ty types

‘descr1bed for these sites occurs on both sites, Z.e. they have no

2

o commun1t1es in ‘common. Thus, they‘d1ffer significantly in species

composition at both the plant community and site levels.. | i

v

Factors that influence ''why p]ants grow where they do' may be .

, grouped 1nto five general categories (B1111ng 1952); 1) geograph1c\

(1nc1udes tOpograph1c), 2) biotic;.3) c]imatic; 4) edaph1c and 5) 2

_:pyric Differences between the two sites in any one of these factors

may suggest reasons for their ‘Tow f]orwst1c s1m1]ar1ty .<

‘ Geograph1c Factors R 44 L e 'R

The two s1tes are 1.2 km d1stant from one another d1ffer ea.

30 m 1n e]evat1on and have been abandoned for the same length of t1me

jca 26 years when samp]ed in 1976) The Nest Mine is larger 1n area

.

than the Towns1te (34 vs db ha) wh1ch may part1a11y exp1a1n why 1ts

© flora is r1cher (14 vs 107 spec1es)

“The spo11 heaps at both sites are genera]]y flat- topped with

:steep banks SIOpes at the Towns1te have predominant]y northern and

w_,-

. .
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‘western exposures Those at the West Mine have mostiy'nOrthern and
eastern exposures The ranges of slope 1engths and of s1ope ang]es are
y s1m11ar on the two sites. ’ e
L1tt]e d1fference was noted in the amount of. erosion, on the}
- two sites. Wind eros1on of surface spo11 part1c1es occurs at both s1tes
B There was 11tt1e evidence of S1gn1f1cant eros1on by_water at either ‘
site, prdbab]y due to high infi]tration rates caused by‘the coarse
textures and Tow fine earth contents of the spoils

Results of the transect study suggest that there are some

areas on the West Mine where the stab111ty of Spo11 mater%a+s”on/slopes

% e

is greater than at the Townsite. This is most pronpunced at the ‘ AL
upper- and mid-slope positions. The* d1fference is probab]y due to" Sty

2 3
finer- textured _more consolidated spo11s 1n these areas on the West

~y

P

Mine. ’

Thus, with the ekteptions of size a%d; iﬁ Timited areas, N
slope stabiTity; the two sites differed 1itt1e"geographically'-(sensn
Billings 1952). S o

o . ; i "\" g“z'».
Biotic Factors R A ‘ o

The sparseness of the p]ant commun1t1es suggested that

| p]ant plant interactions were 1ow at both s1tes -Also, no obV1ous

_ differences were: -observed in plant-animal, 1nteract1ons at the two s1tes
“The only. mamma]s seen on tﬁe minesites were golden mant]e ground o

: squ1rre]s (Spermophtlus Zateralts) and they. were common on both s1tes
| Some d1fferences were noted in the vegetation and floras -

' 1mmed1ate1y surrounding the two s1tes wh1ch could 1nf1uence the

o »”access1bil1ty of some- spec1es to them. For examp]e. 1mmed1ate1y north

-
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. of the west M1ne 1s»a wet sedge meadow commun1ty; rich in spec1es of the
genus Carex C]ose prox1m1ty to th1s commun1ty could exp1a1n the h1gh
- number of car1ces on the West M1ne relat1ve to the. Towns1te (13 vs 7
“ spec1es)' A]so the West Mine, is geograph1ca]]x,c]oser to a1p1ne o
vegetat1on than is the Towns1te wh1ch cou]d who]]y or part1a11y account
| for the greater a1p1ne aff1n1ty of the Nest M1ne flora.. As a$}1na] i
examp]e, the Towns1te was adgacent to the village of Mountain Park when: -

]

the mines were‘in operation‘ Close prox1m1ty to the gardens and

animals assoc1ated w1th human settlements may exp1a1n the h1gher number L

of )ntroduced spec1es at the Towns1te (17 SpeCTeS) compared to the mére

.remote west Mine. (6 species).

Climatic Factors

‘The two s1tes d1ffered very 11tt1e 1n monthly prec1pitat1on

: tota]s week]y max m1n air temperatures and the amount of w1nter wind

’

. abras1on of. wooden stakes exposed on the m1nef1tes for one year. Nind

-

scour1ng of spo1} mater1a1s from around the Qases of plants Was more

common at the Nest Mine, suggesting that th1s site is more EXposed to ';

w1nds than,the Towns1te P . o ‘ -/:f

R

in this h

A]though no micro- c11mat1c measurements were m:7

study, spo11 surface temperatures are expect ( e hig er at the

Towns1te due to the h1gher coa1 content and;'__n#; ?owef albedo of‘

Id

1ts spo11s However the degree or 1mportance of any/temperature ,j

d1fferences between the sites s unknown. \{_ o //, 7 f
| wh11e more 1ntens1ve meteoro]og1ca1 study/1s needed to fu]ly
: character1ze and compare the climates of - the“two sites these general

: observat1ons revea]ed no. maJor c11mat1c d1fferences between them

Gy .
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| Edaphic Factors

- . ' L '

Spoils at the two sites differ substantially in parént rock
type and in a number of physical and'themtéa] properties. At tge
Towns1te, coal is the predom1nant parent ;ock whereas s11tstone and .
shale-are dominant at the west Mine. Spoils at the Nest Mine, on the
average have hlgher f1ne earth contenﬂ§ finer texture, higher pH, )
h1gher total exchange capac1ty, and Tower available n1trogen and

phosphorus levels, than those at,thé Townsite.

Pyric Factors

Althoﬁgh some.of the ‘coal dominated Spo1ﬁ heaps at the Town-
site have been bdrning interné11y for years, there is no evidence of any
prévious sdrface fires at eitherkétte. An extensive fire in 1913,
however, burned'thébareas.sﬁrroynding both minesites, Firé has probably
had .1ittle effect on the study site f]oras, except 1nd1rect1y as it

1nf1uenced species composition of the surround1ng vegetatzon

Integration
Any or all of the factors discussed above may contribute %o

the observed differences in floras and plant communities at the two *
study sites. However, the strongest differences bepween thensites were s
| . ' | ' %

in 1) edaphic factors, 2) floras of the surrounding areas, and 3) size

~of the minesites, suggesting that these factors'are most 1mbortaﬁt.



LITERATURE CITED

~ Alberta Department of Agriculture. ‘1976 Alberta soils course, lesson

&

“~

i

3. Alberta Department of Agr1cu]ture So1]szBranch Edmonton,

Alberta.
N / . -
Alberta Department of Energy and Natural Resources. 1976. A coal .
v _development policy for Alberta. Alberta Department of Energy -

and Natural Resources, Edmonton,. A]berta 38 pp.

A]berta Energy Resources Conservation Board 1979. Reserves of coal,
Province of Alberta. Alberta Energy Resources Conservat1on
Board, Calgary, A]berta Report 79-31.

Alberta Forest Service unpub11shed*’ Unpub11shed prec1p1tat10n data,
~ Grave Flats-Lookout, June-August 1976. Alberta Department of -
Energy and Natural Resources, Alberta Forest Service, Weather
Section, Edmonton, Alberta.

Alvarez, H., J.A. Ludwig, and K.T. Harper. 1974. Factors influ ing
p]ant colonization of mine dumps at Park City, Utah. @ﬁ? :
Midland Natura]1st 92: 1-1..

Austin, M.P., and P Gre1g Smith. 1968. The applicatian of ‘quantitative
methods to vegetat1on survey II. Some methodological problems
of data from rain, forest. J. Ecol. 56: 827 844. :

Berg, W.A. 1969. Evaluation of P and K soil fertility tests on coa]—
-mine spoils. Pages 93-104 in R. d Hutnik and G. Davis, eds.,
Ecflogy and reclamation of devastated land. Vol. 1. Gordon
and Breach, New York. o

Billings, W.D. 1952. The environmental comp]ex in relation to plant
ro _groyth and distribution. Quart Rev. Biol. 27: 251-265.

Bouyoucos, G.J. 1962.  Hydrometer method 1mproved for making part1c1e

Size .analyses of soils. Agron J. 54: 464-4G5.

Brady, N. C 1974. The nature and properties of soils. MacMillan
Pub11sh1ng Company, New York. 639 pp.

Bramb]e W.C., and R.H. Ashley. 1955. Natural fevegetation of‘spof1_
banks in céntra] Pennsylvania. Eco]o' 36: 417-423.

“steam-distillation methods Pages 1 06 in C.A. Black, ed.,
Methods of soil analysis, Vol. 2 er1can Society of Agronomy, ,
Madison, Wisconsin.

Bremner, J.M. “1965. Exchangeab]e ammon1um,‘:i%£%§e, and nitrite by
1

"Brierley, J.K. 1956. Some preliminary observat1ons on the eco1ogy of

pit heaps. J Ecol. 44:. 383 390.

- 84



o : 85

Byrnes, W.R., and J.H. Miﬂ1er. 1969. Natural revegetation and cast
overburden properties of surfacesmined coal lands in southern
Indiana. Pages 285-306 in R.J. Hutnik and G. Davis, eds.,
Ecology and reclamation of devastated land, Vol. 1. Gordon
-and Breach, New York. '

Campbell, J.D. 1967. Coal mines and coal leases, Alberta Rocky: .
Mountains and Foothills. University of Alberta, Research
Council of Alberta, Edmontoh, Alberta. Report No. 66-5. 55 Pp.

Canada Atmcspheric Environment Seryice. 1975. Monthly record, -
‘meteorological observations in Canada, June - Auqust 1975.
Canada Department of Environment, Atmospheric Environment
Service, Downsview, Ontario. S .
Canada Department of Marine and Fisheries. 1915-1924. Monthly record
' of meteorological, observations. Canada Department of Marine
5 and Fisheries, Meteorological Service of Canada, Toronto,

o

{ Ontario.
. ‘) R .
Cooper; W.S. 1916. Plant successions in the Mount Robson Region,
British Columbia. The Plant World 19: 211-238. L s

Cormack, R.G.H.. 1950. Bbtanical survey 1950, Brazeau Forest Reserve,
‘ the effects of strip mining on the forest vegetation and
fqrest streams. in Forest conservation studies in Alberta
1944-1952. Alberta Department of Lands.and Forests, Edmonton,
Alberta. v A
Cocnwell, S.M. 1971. Anthracite mining spoils in Pennsylvania I.
Spoil classification and plant cover studies. J. Appl. Ecol.
8: 401—%09. S 3 .

Croxton, W.C. ’192é. Revegetation of I1linois coal stripped lands. -
Ecologqy 9: 155-175. ' N
4 : . ’ -
. Daniel, W.W. 1978. Applied nonparametric statistics. Houghton
. | Mifflin Company, Boston, Massachusetts. 503 pp.

Errington, J.C. 1975. Natural reveqéiation of disturbed sites in
British Columbia. Ph.D. thesis, University of British
Columbia, Vancouver, British Columbia.. 145 pp.

\.\_\ ‘ ' . % .
* Gauch, H.G. Jr., R.N~uhittaker, and T.R., Wentworth. 1977. A -

— comparative study of reciprocal averaging and other ordination
techniques. J. Ecol. 65: 157-174.

. > T
Glenn-Lewin. D.C. 1979. 'Natural revegetation of acid coal spoils in’
southeast Iowa. Pages 568-575 in M.K. Wali, ed., Ecoloay .
and coal resource development. Pergamon Press, New York.
1091 pp. : '

Greig-Smith, P. 1964.‘ Quahtitative‘plant eoo]oqy; Butterwbrth and
Companyithd;, London. = 256 pp. - ' ' '



\ .
- 86 -

Hall, I.G. 1957. The ecology of disused.pit‘heaps in England. J. Ecol.
45: 689-720. . :

Heusser, C.J. 1956. Postqlacial environments in the Canadian Rocky
- MountainS.‘ Ecol. Monoqraph§ 26: 263-302.

Hodgins, L.W. 1977. The automayed simultaneous determination of nitrate
- and phosphorus in soil'extracts. ques 2-9 in Proceedings of
the 1977 Annual Alberta S0i1 Sciente Workshop on Soil
Conservation, Reclamation, and Research, Red Deer, Alberta,
February 1-2, 1977. Alberta Department of Agriculture,
Edmonton, Alberta. ¢ ,

Hogan, G.D., G.M. Courtin, and W.E. Rauser. 1977. The effects of soil
factors on the distribution of Agrostis gigantea on a. mine
~waste site. Can. J. Bot. 55: 1038-1042.

Hrapko, J.0., and G.H. LaRoi. 1978. The é]pine tundra vegetatibn of
Signal Mountain, Jasper National Park. Can. J. Bot. 56: 309-
332. ‘ :

Hultén, E. 1968. Flora of Alaska and néighbbring territories: a
: ~_manual of, the vascular plants. Stanford University Press.,
Stanford, California. 1008 pp.

Jonescu, M.E. '1979.  Natural revegetation of strip-mined land in the
lignite coalfields of southeastern Saskatchewan. Pages 592-
608 <n M.K: Wali, ed., Ecology and coal resource -development.
Pergamon Press, New %grk. 1091 pp. -
Kilby, W.E. 1978. Structural geology and stratigraphy of the coal--
. -bearing and adjacent strata near Mountain Park, Alberta.
M.Sc. thesis, University of Alberta, Edmonton, Alberta. . 154 Pp.

Kimber, A.J., I.D. Pulford, and H.J.  Duncan. 1978. ~Chemical variation
and vegetation distribution on a coal waste tip. .J. Appl.
Ecol. 15: 627-633.

Kohli, B.,‘and‘J.G;\Packer.v 1976. A contribution to the taxonomy of the 
‘Potentilla pensylvanica complex in North ‘America. Can. J.
Bot. 54: 706-719:

Koppen, W. 1936. Das geographische system der klimate. Vpl. 1., Part
: C Zn W. Kbppen and R. Geiger, eds., Handbuch der Klimatologie.
Gebruder Borntraeger, Berlin. :
. . L S
Kuchar, P. 1975.. Alpine tundra communities and Dryas octopetala ssp.
hookeriana in the Blad Hills, Jasper National Park. Ph.D.
thesis, University of Alberta, Edmonton, Alberta. 351 pp.

Lake, D.W. 1967. The historical geography of the Coal Branch. M.A.
- thesis, University of Alberta, Edmonton, Alberta. 170 pp. -

/ . .



Leisman, G.A. 1957. A vegetation and 5611'chronosequenéé"on»the
- ~Mesabi Iron Range Spoil Banks, M1nnesota Ecol. Monographs .
* 27: 221-245. e . T

Longley, R.W. 1970L¢ ‘Climatic classification for Alberta forestry. . -,
Pages 147-153 in J.M. Powell and C.F. Nolasco, eds., Proceed-
ings of the Third Forest Microclimate Symposium, Seebej Alberta.
September 23-26, 1969. Canadian Department of Fisheries and y
Forestry, Canad1an Forestry Serv1ce Forest Research Lab,

Calgary, Alberta.

MacKay, B.R. 1930. - Stratigraphy and structure of bituminous coalfields
: in the vicinity of Jasper Park, Alberta. Canadian Institute
of Mining and Metallurgical Bul]et1n 23: 1306-1342.

McKeague, J.A., ed., . 1978. Manual on s0i1 sampling and methods of
analysis. Canada Society of Spil Science, Subcommlttee of
Canada Soil Survey Committee on Methigs ‘of Analysis. 212 pp.
¢

' Me1d1nger D. V 1979. Natural revegetation of disturbances in the
Peace RiverVCoalfield; Pages 273-308 in Proceedings of the
Third Annual British Columbia Mine Rec]amat1on Symposium, -
Vernon, British Columbia, March 7-9, 1979." British Columbia
M1n1stry of Energy,.M1nes, and Petro]eum Resouré}s, Victoria,
British Columbia.*

Me]]on, G.B. 1966. Lower Cretaceous sections, Cadomin area, Alberta.

- Pages 67-79.7n G.D. Williams, ed., Edmonton Geological
Society Guidebook, eighth annual fieldtrip. Edmonton
Geo]oglcal Society, Edmonton A]berta

Molyneux, J.K. 1963. Some ecological aspects of" co]11ery waste heaps
’ around Wigan, South Lancashire. J. Ecol. 51: 315-321.

‘Mortimer, P.R. 1978. The alpine vascular flora and vegetation of
' Prospect Mountain, Front Range, Rocky Mountains, Alberta.
M.Sc. thesis, Unjversity of Alberta,; Edmonton, A]berta 238‘;F

Moss, E.H. 1959. Flora of Alberta. University of Toronto‘Press, .
: Toronto, Ontario. 546 pp. ' ' ’

Muelier-Dombois, D., and H. Ellenberg. 1974. Aims and methods of
vegetation ecology. John Wiley and Spns,nNew York. 547 pp.

Ogilvie, R.T. 1969. The mountain forest and alpine zones of Alberta.
' Pages 25-44 7n J.G. Nelson and M.J. Chambers, eds.,

Vegetation, soils and wildlife: selected readings. Methuen
- - Publications, Toronto, Ontario. 372 pp ~

Orloci, L. 1973. 0rd1nat1on by resemblance matrices. Pages 249-286
in R.H. Whittaker, ed., Handbook of vegetation science.
Vol. 5. Ordination-and.classification of communities. Dr.
: w.'Jnnk, The Hague, Netherlands. 737 pp.



» - S . . , 88
Packer, J.G. - 1974. A supplement to E.H. Moss's Flora of Alberta.
o Un1versﬁty of Toronto Press, Toronto 31 pp.

ffPacker J.G., and D.H. V1tt 1974. Mountain Park: a ‘plant refugium in
: ' the -Canadian Rocky Mounta1ns «-Can. J. Bot. 52 1393 1409.

Peech, M. 1965 Method for soil pH in water Pages 922- 923 in C.A. ,
' . Black, ed., Methods of $0i1 analysis, Vol. 2. . American Society
of Agronomy, Madison, w on51n 7 ey

Peters, D.B 1965, water ava11abi]1ty Pages 279-285 in C.A. Black,
‘ed., Methods of soil analysis, Vol. 1. American Society. of
Agronomy, Madison, w1scon51n ) g ‘ ‘

P ]ou, E.C. 1977. Mathematical eco]ogy.‘edohn Wiley and Sons, New

York. 385 pp. ' \? ' ’

Poryild, A.E. 1973. 1Illustrated flora of the Canadian Arctic
Archipelago (1957). Canada Department of Northern Affairs
and National Resources, National Museums of Canada, Ottawa,
Ontario. Bulletin No. 146. 218 pp.

_ . nm .

. Powell, J.M., and D.C. MacIver. 1976. Summer climate of the H1nton-

' -Edson area, west-central Alberta, 1961-1970. Canada ‘

Department of Environment, Canadian Forestry Service, Northern

‘Porest Research Centre, Edmonton, Alberta. ‘Information

Report NOR-X-149. . 43 pp. ‘

A'~‘Richards, L.A., ed., 1954. Diagnosis and 1mprovement of saline and ¥

alkali 'soils. United States Department of Agrlculture
Handbook No. 60. 160 pp.

R1chards, L.A. 1965 water retent1v1t of soil at spec1f1ed values of
matric suction. Pages 131-137 <n C.A. Black, ed., Methods of
soil analysis, Vol. 1. American Society of Agronomy, Madison, .
Wisconsin. I . h

Root, J.D. 1976. Phys1ca] env1ronment of\an abandoned str1p m1ne near
Cadomin, Alberta. University of|Alberta, Alberta Research
Counc11 Edmonton, Alberta. Bul t1n No. 34. 33 pp.

Ross, T.A. 1974. OH! The Coal Branch: - a“chronicle of the A]berta
Coal Branch, T. Ross, Edmonton, Alberta. 339 pp.

Rowe, J.S. 1972. Forest regions of Canada. Canada Department of the
‘ Environment, Canadian Forestry Service, Ottawa, Ontario.
Pub11cat1on No. 1300 172 pp.

Rutherford R.L. 1925, Geology of the foothills belt between McLeod
and Athabasca Rivers, Alberta. University of Alberta,
Scientific and Industr1a1 Research Cognﬁjl Edmonton Alberta.
Report No. 11.. 82 pp. :



‘ 89
Schumacher, A.E.A., R. Hermesh, and A.L. Bedwany. 1977. Coal mine
spoils and their revegetation patterns in'central Alberta. -
Paper No. 5, 20 pp. Zn Proceedings of the.Second Annual Geheral
Meeting of the .Canadian Land Reclamation Association, Edmonton,
Alberta, August 17-20, 1977. The Canadian Land Reclamation
Associatjon, Guelph, Ontario. B A _ o

.' 8 ) q ] - . )i‘ v . ) " .
Scoggan, H.J. 1978., ?he Flora of Canada. National Museums of Canada,

-~ Ottawa, Canada. 1711 pp. ‘

See, M.G. 1978. Alpine macro]fchen-vegetation in the Canadian Cordillera’
o .of Alberta and the Yukon. M.Sc. thesis, University of Alberta,

- Edmonton, Alberta. 228 pp.

.Sims,\H.P. 1979. Léndlsurface reclamation: an international bibliog-

. graphy (interim edition - April 1979). .Alberta Department of
Environment, Research Secretariat, Edmonton; Alberta. 202 pp.

Sindelar, B.W. 1979. Successional development of vegetation on surface
: mined land in Montana. Pages 550-556 <n M.K. Wali, ed.,
Ecology and coal resource development. Pergamon Press, New
York. 1091 pp. S o

| Sneath, P.H.A., and R.R. Sokal. 1973. Numerical taXonomy:»‘the

principles and practice of.numerical classification. W.H.
‘Freeman and Company, San Francisco, California. 573 pp.

Soi1 Survey‘Staff. -1960. Soil classification: a comprehensive system,.
seventh approximation. "United States Department of Agriculture,
Soil Conservation Service, Washington, D.C. 265 PP. .

Sokal, R.R., and F.J. Roh1f. 1969. Biometry: the principles ahd.

- practice of statistics in biological research. W.H. Freeman
B -and Company, San Francisco, Ca]ifornia. 776 pp.
Steel, R.G.D., and J.H. Torrie. 1960.;/Pfihcip1es and. procedures ¢f
statistics. McGraw-Hi1l, New York. 481 pp.

Tasker, A., and M.J. Chadwick. 1978. The microdistribution of
' .Agrostis tennig on colliery spoil ip relation to spoil
" chemical variability. J. Appl. Ecol. 15: 551-563.
Taylor, K.G. 1976. - Environmental alteration and natural revegetation . -
S at Discovery Ming, ‘Northwest Territories, Canada. M.Sc.
.thesis, University of Alberta, Edmonton, Alberta. 190 pp.

Thirgood, J.V. 1978. Extent of disturbed land and major reclamation
problems in Canada. Pages 45-68 ¢n F.W. Schaller and P,. .
Sutton, eds., Reclamation of drastically disturbed lands.
American Society of Agronomy, Crop Science Society of
America, and Soil Science Society of America, Madison,
Wisconsin. 742 pp. . | '

T

1

&



""TﬁrUQh,’é.

A

90

W. 1968. A dictionary of mining, mineral, and related
terms, compiled and edited by Paul W. Thrush and the staff of

- .the Bureau of Mines. United States.Department of the Interior, .
~.‘Bureau of Mines, Washington, D.C. 1269 Pp.

= T%jdale;,E
- Wagner, W.

Wali, M.K.
Wali, M.K.
Ward, J.H.

Whittaker,

Wishart, D

M., M.A. Fosberg, and C.E. Poulton. 1966. Vegetation and
soil development on a recently glaciated area near Mount

- Robson, British Colgmﬂta. Ecology 47: 517-523. -

L., W.C. Martin, and E.F. Aldon. 1978. Natural succession on
strip-mined lands in Northwestern New Mexico. Reclamation
Review 1: 67-73. o

1980. Succession on mined lands. Pages'ZBtQ to 23-46 in

- Adequate reclamation of mined lands? - symposium, Billings,

Montana, March 26-27, 1980. Soil Conservation Society of
America.

» and P.G. Freeman. 1973. Ecology of some mined areas in
North Dakota. Pages 25-47 in M.K. Wali, ed., Some environmental
aspects of strip mining in North Dakota. North Dakota Geol-
ogical Survey, Grand Forks, North Dakota. Education Series

5. 121 pp. : » \ . :

1963. Hierarchial grouping to optimize an objective
function. - J. Am. Stat. Assoc. 58: 236-244. :

R.H. 1967. Gradient Analysis of Vegetation. Biol. Rev.
42:  207-264. : ‘ .

. 1978. Clustan 1C user manual, edition 3. Edinburgh
University, Program Library Unit, Edinburgh, Scotland. 175 Pp.

<



poo

Clear-_Vu Ppt. (mm)

“
_§ ) 1 . F| 1 1]

10 20 30 40 . 50
Tru-chek Ppt. (mm)

Appendix 1. Precipitation received by a Taylor Clear-Vu Rain gauge as a

, function of that.received by a Tru-chek rain gauge. The
regression line was made to intersect the origin (Steel
and Torrie 1960). ' ‘

The instruments were mounted on wooden stakes, with the
orifices 3C cm above ground level, and placed within 2 m.
of one another. The data were collected at the‘mpuntain-
Park-and Sterco-Coal Valley study sites between May 13 and
September 11, 197€. The Tru-chek values are averages of

readings taken from. two or three -gauges.

The Clear-Vu gauge has a round orifice (ca. 28 cm diameter)
and consistently received more precipitation than the wedge-
-type Tru-chek gauge (square orifice). The difference may
be due to the lower surface area‘and thus redyced aijr -
turbulence offered by the round orifice.
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APPENDIX- 2. List.of v
Spacies

‘y an asterisk (*) were also found by Mortimer (1978) and/or See (1978) in the alpine zone near Mountain Park, Albertd.
L ) Nineyites
Mountatin Mountain . R

Introduced (1) or . Park Park . . . Sterco,
Native (N}' . : Wett Mine Townsite - Cadomin Nordegg Coal \g‘ngy",mrcoal )

OPRIOGLOSSACEAE ’ . . . : BN
betrychiwe [umaria (L.) Sw.* % g N x x ‘ x x x

EQUISETACEAE . B - ~ ) . : ). -
Equiseter arvense L.* . .
Eqursetum sorrpcides Michx.*
Egquisetum sylvatiown L.~

PIMACEAE ’
Abies lasicoarpa (Mook.) Mutt.®
Juniperus ocommunis L.*
Fioec engaimpmii Parry* -
Pinus oomtorta London var. iatifolia Engelm.

xxxx

omow
»

* o ox o

[
=

JUNCAG I MACEAE " ‘ .
Triglockir palustris L. ) . N . . ,

GRAMINEAE ' b . o .
A ron «lomgatm (Host) Beauv.
Aﬁgm ;ai’l’gm {Scriba. & Smith) Rydb.*
Agropyron pestiniforme Rom. & Schwlt.
Agropyron repens (L.) Besuv. N
Agropyron subssowndum (L1nk) Kitche.
Agropyron trachyoaulum (Link) Malte
Agrostie palustris Huds.
Agrostis soahra Willd:
Browmus inarens Luyss.
Bromus pumpelliona SCribn.*
Calamagrostis oamnadensis (MiChx. ] Besuv. r
Calamagroetis inespansa A. Grdy -~ :
Calamagrostis neylecta {(Ehch.) Gaertn.
Calamagrostis purpurascens R, br.*
Deachawpeia oasspitoss (L.) Beauv.*
Llymus imnovatus Beal* E .
Elymus junceus FisCh.
Festuoa ba’finensis Polunin®
FPestuca rubra L.
Festuoa sarimontana Rydb. . .
Hiaroohloe adorata (L.} Besuv. X
Hordewm jubatum L.
Phlewn alpimen L.*
Phiewn pratense L.
Poa alpina L.*
Poa aretiog R. Br.*
Foa compressa L.
Poa plamca Vam
Poc interior Rydd.
Poa palustris L.
Poa pattersonii Vasey*
Poa pratensis L.*
Poa secunda Pres)
Puocinellic nuttalliama (SChult,) Hitche.
Trisetw spicatwm (L.) Richt.*

CYPERACEAE P
Carez aenaa Fern. .
Carer glbo-nigra Mack.

Carexr aperta Boott

-Carex atrosguama MECK.* ¢
Cares pabbii Olney

Carez bigelowii Torr.
Carez orasfordii Fern.
Cares festivella Meck.®
Zarez ‘oenea Willd.

Carex houghtonii Torr,
Czrex iimophila F.J. Hersann
Carer mediz R. Br.

Carex nardina Fries®
Carezr ottusara L11J.

Carex. prhasocepnaiz Piper*

“arex podooarpa R, Br. i

Carer praegracilis W. Boott

Carex richardsoniz R. Br.

Carex rostratz Stokes

»
Moo w
o> b oMo x oW oM W

] >
Mo oM oMM R ON.M W
Xk % M oM m ]
x
-
Mmoo

»

EXXXXZXRE ~BREXE—~RXTEXFX XX XXX NRE— e It e 2o
 ox W e =
>
*
~

>
 x
=
»
)

XXX ET XTI XEXERERE R TN
-~
k% m o om
>
b



«

L

B

APPENDIX 2. Cont'd.

93

Inti
- Native (N}

(l? or

Minesites

Mountain
Park
wWest Mine

Mountatn
Park
Towns (te

Cagomin

Nordegg

Sterco,
Coal Yalley

Mercoal

JUNCACEAE L
Junous drewondis §. Meyer®
Lusuia wahlenbargir Rupr.

LILIACEAE
2ypadenus siegans Pursh®

IRIDACEAE
Suynncnm montame Greene &

ORCHIDACEAE ) 5 K
Habenaria hyperborec (L.) R. Br.
Babenaria viridis (L.) R. Br. vn\ bracteata
(Mn.) A, Gray®

SAL ICACEAE :
Fopulus balsamifera L.
Populus tremuloides Michx
Saliz alavensis (Anderss. } Covnlc'
Salir arbusouloides Anderss.®
Saliz barklayl Anderss.

Salix barrattiona Hook.*
Salix bedbbiana Ser.

Salix. disoolor Muh

Salix Mm Sarratt”
Salix plawoa L

Salis wnl;falm Anderss.
Salie wivalis Nook.®

Salic plantfolia Pursh
Salix sooulerigna Barratt’

SETULACEAE
Alms arispe (Ait.) Pursh
Betula glandulosa Michx.*
Corylus ooPRuta Marsh.

POLYGOMACEAE
Eriogomm androsaceim Benth.*
Polygomm avioulare L. '
Polygomen viviparum L.*
Rumex aoetosella L.
Rumaz alpestris (Scop.) vat'
- Pumex megioonus Metsn, -
Rz ‘pooidentalis 5. WMts. var. fensstratus
(Groene) Le Page

”

CHENOPOD JACEAE

Cunopodwn album L.

WYOWVLLACEAE
Aremaria dasonensis Brit
Arenaria rubslla (nnln ) J.E. Smt
Cerastiim arvense L.
Carastiwm besringionm Cram. § Schlect.®
Carastium vulgatum L. var. hirsutim Frigy "
Silens aoaults L. var. axsoaps (A1l.) DB
Stellaria crassifolia Ehrh.
Stellaria lomgipes Goldie
Steliaria momantha Hultén®

RANUNCULACEAE
Aooni tiem dllph"rtfalur oc.*
Anewons mltifida Poir.* -
Delphintum glauowe 5. Wats,*
Aoumoulus acris L.
Ranunoulus oymdalaria Purgh
Thaliotrmem vemulosw Trel.

PAPAYERACEAE
Papaver mudioaule L.

FUMARIACEAE
Corwdaite aurea W{1ld.

'
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Introduced (1) or
Native. (M)

Minesites

Mounta in Rogntatn
Park Park

west Mine  Townsite

Cadomin

Sterco,
horvm cool vallgy.

Mercosl

CRUCIFERAE *
Arabis divaricarpa A. Nels.
Argbis druwondii A. Gray®
Arabis hirsuez (L.) Scop.
Aratis iyrate L.

Comringia orienzalis (L.} Dum.

- Lesourainia ricagrdsonii (Sweet) 0.0. Schulz

Cescurainia soshia {L.) Webbd
Iraba awrea Yah'®
Irabz lanceolata Roylw .
imaba oligosperwa Mook.*
Erucastrem galliow (Wil1d.) Senulz
Erveimm cheiranthoides L.
Erysimem inoomspiows (5. Wats.) ﬁcﬂ
Lepidiun ramosissimem A Nels. 7
Sme lowskia oaiyotna {Stepndn) C. A
var. gmerioana {Rydb.) Drury & Role

JThiaspt arvense L. -
CRASSULACEAE

Secum stenoperalum Purshe

SAKIFRAGACEAE
Parmassia montanensis Fern. § Rydb.
Ribes osyaoanthoides L.*
Sarifrapa tﬂauptda:a Rottd.*

ook

yas drwwmond (i Richerds.
Drya integrifolia M. Yan*
Dryas aawpctala L.re
Pragaria virginiona Duchesn o
Com allspicwn Jacq. var. ufumn (Nt } Fern.
+ . Gewn moarophyllum Willd,
GCown trifiomm Pursh
+ 1 Potentilla awerina L.
Potemtilla bipimnatifida Douql ex HOOK.
FPotentills bipimmatifida Dougl. ez Hook. var.’
o - glabrata
Potentilla diversifolia Lem.*
Potentilla frutiovea L.% -
Potentilla gracilis Dougl.*
Potentilla mivea L.* N
Potemtilla norvegica L.
Potentilla pensyluvanioa L.
. Rosa acioularis Lind].
¢ Rosa woodsii Lind).
Rubus aoaulis Michx,
Rubus striposus Michx,

LEGUNINOSAE
Astpagalus abonyimn R1chlrdx .
Astragalus alpimes L.*
Astrogaius sucopass Robing.

Astropaius flezuwosus Dougl. *

Anrwalu frigidus (L ) A, Grly var.
amerioans (Hook.) S. Wats

Astragalus strigtus Mtt.
Astragaius verillifiexus Sneld.*
. Hedyearum alpirmem L.*
hedysarmm mackennii Richards.®
Hedysarum sulphuresoens Rydb
l.athyn ‘ochroleusus Hook.

- ’./lulua:u alba Desr.
MNeliiotus offiocimalis (i.) Lam,
Oxytropis oopestris {L.) DC.*
Oxptropls deflexg (Pal).) DC.
Oxytropis podooarpa A Gray*

" Oxyvtropis seriose Mutt. var. spicata ;Hook ) umeby -

fxutropis. aplenders Dougl .
Trifoliwm agrariwr L.
Irifoliwr hebrider L.
Trifclium pratense L. ¢
mfoluﬂ repenc L.

Vicia omsrioana Myhl.

Vioia eracoc L.

“YTOLACEAE
Vicla adwsoe J.E. Sl!th
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APPENDIX 2. Cont'd . . . Ve .

¢ . 7 Minesites

. - - Mountain Mountain -
Introduced (1) or . Park. Park Sterco,
Native {N) __Mest Mine  Townsite Cadomin  -morg ) vall

12

ELAEAGNACEAE ‘ } P ) o
Shaphercia oanacensis {L.) Mutt. o - N . ) . X X

lp.lobur patifoliem L. Lo v ] . » : . X, a x '

MHLIFEW : L . ) oy
Carwm parvi L. N . - 1 ' . ) x : . x ok : . 1
beraclewr ignatwe Mchxs ] o ) x s .

ERICACEAE . B
Arotostaphylos wa-wrat (L. ) Sprcng N . . x o x x : «
PRIMALACEAE ' ' :

Androsace chamaejasme Host® : » N ' . x ) . ' x
Androsace septentriomalis L.*% L4 ‘ o x x :

. K} : .
SENTJANACEAE ) . ’
Gentiana prostratg Haenke var. omerioana Engnl- . o N . . T &
Gentianalla amarella {L.]) Borner 83p. ewta. . : o R o
(Mchl.) J.M thtt' L3 L : x . x X x x o

POLDONIACEAE - R , : , , _
Collomia l\marulutl ) . Co N - x x . Cox X

HYDROPHYLLACEAL , : ' '
Phaoelia frenklinii (R. Br.) A, Gray S N B . . x
Phacelia sericea (Granam) A. Gny' ) 1 . f .
) « .
BORAGI NACEAE : : i L . : . : ¥
Lappula eohinata G111b. . o 1 e . . . x R
Nertensia palwula:a (AMt.) &. Dons : N, : x x | OO x A

LABIATAE ~ - - . ] . o
Gauopuuutraln:L o 1, x = ‘g . ) -

SCROPHULAR JACEAE .
Castilleja miniara Dougl.® . ]
Cantilleja oocidentalis Torr.* . SN
Rephrasia disjuncta Fern, § Niq * . N
.. Linaric vulgaria K1V1 : B - 1
FPenstemon Dougl. ; . N
. Rhinanthus orista-galli L. ¢ 1
Varowioa alpv\n L. var; wlauhomu C. &S.° N

RuTGimeeas , , v R EEET : s
letqolworL . . . : . . .

L I R
>
-
>

>
»

RUBIACEAE . - . : S . . [
Galisr boreals L. : LB . - . x o

CARIFOLXACEAI . 8 ;o ) : - S .
| Sambucus pubens Michx. : . L N T ! X !
CAMPANULACEAE .. . : ° - R :
Comparula rotwndifolia L.* - | ° - : " x . ; ‘
COMPOSITAE - . . .
Aohillec millefoliuwm L.* - e
" Agoseris arantiasa (HOOK.) Greme v
. Aposeris glauoca (Pursh) Raf.
Antennaria landita (Hook,) Greene*
Antermaria neglecta Greene
Antemnaria nitida Greene .
Antennaria rossa Greene
" Armicc alpinc (L.) Olin®
Arnioq chawissomis Less.
Arnioa eordifolia Wook,*
Armisa lomehophulic Greene
Arterigia bievmis Willd.-
Arzemigia borealie PO,
.. Artemisia norvegioc Frieg®
Aster alpimue L.*
‘Aster cfliolatue Lindl.
Aster. conspicuur Lind.
Aater laevis L. {cr goveri A, Grly
Aster nibiriau-
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APERDIX 2. Cont'd,
N Minesites
~ TountaTn ™ Tountaln
Introduced {I) or Park Park Sterco, .
: Mative (k) West Nine Towngite Cadomin - Mordegg .Coal Valley  Mercoal
COMPOSITAE Cont'd. SN
Chrysanthemm leucanthousm L. B x ox
Ciretim arvense {L.) Scop. . . ~ x x
Cireiwm Rookeriamm Nutt. ; - / x
Crepis elegans Hook. il P x x x x
Crepis mana Richirds.* K |/ x x x
(repis rumcinata (James) 7. 8 &, | _ ' x
Erigeron acris L. ; N x x x x x
Erigeron lonchophyllus Hook. | ' x
Frigeron trifidus Hook. R - x x x
Kaplopappus lyalli A. Gray x
Bieracium wabellatm L. : f x x
Matricaria matricarioides (Less.) Porter .. x -
Saussurea densa (Hook.) Rydb.* x
Semecio canus Hook.* N x x x x
Senecic cymbalaricides Mutt. - X X
Senecic indecorus Greene < : x x . x
Semecio lugens Richards.® x x
Senecio pauciflorus Pursh . x x
Solidago decunbens Greene x x = x x - x x
Solidago lepida OC. x x
Sclidago multiradiata Alt.* x x x x x X
Sonchus wliginosus Bleb. x x
Tararacim ceratophorwm (Leded.) DC.* x
Tararacwm of ficinale Neber x ‘! X x x x x
Yota) musber of spectes i 107 12 94 107 96
ISource: Scoggan {1978). o [
o
0
L_,ﬁ \
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S
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Table 11. Selected site and communtty attributes of stands at the Mountain Park Townsite. Cover values are percentageswith dash(— ") indicating absenc

the species was present in the stand but not sampled Species present in <.15% of ail stands are listed at the bottom as rare species,

Festuca rubra — Epilobium

Agropyron latiglume

Community Type angustifolium Agropyron repens Agropyron s,
Stand No. 10 -1 9 13 4 3 5 ] 15 12
QD . 2 ™~ . \ : .
Stand Size (m?) 160 374 402 339 386 374 152 456 -~ - 405 335
No. Quadrats - 27 30 45 20 15 40 0 ~- 28 15 0
. Slope ( ) 33 " 33 33 0 0 0 31 0 0 0
Aspe - N NNE NNE Flat Flat Flat WSW Flat Flat Flat
Fine Earth Content (% < 2 mm) : (f'
0- 5cm 53‘ 77 60 49 54 57 45 53 60 43 -
25~30cm 39 36 34 36 40 49 33 43 33 15
Sand Content (%) - '
0- 5cm 7(\85\/ 83 78 64 84 79 77 84 66
13-18cm 5 86 89 77 69 84 77 83 90 - 86.
Available Water Holding Capac:ty 0 . : . ‘
(%), 0 »5cm 3.26 4.00 3.38 - 2.58 4.31 4.29 2.30 3.89 2.75 2.05
pH : ‘ : - ’
0- 5cm - 7.3 7.4 7.2 .70 5.6 6.9 7.2 6.4 7.4 7.2
i3 18 cm & 6.6 74 71 58 4.6 6.8 6.1 5.0 7.4 6.2
Total Exchange Capacity S . : ’ .
(m.e. 100 g~ ' whole soil), 0~18 cm 80 46 3.6 75 4.6 4.8 4.1 3.6 4.5 4.5
Available P (ppm),0 — 18 cm ,‘3.5' 2.5 2.5 3.0 25 11.0 3.5 6.0 4.0 0.5
No. Vascular Species 28 18 22 28 28 29 15 , 20 19 . 7
Total Plant Cover (%) l4 4 2.7 4.0 5.7 2.6 6.4 0.25 2.0: 2.0 0.02
Bryophyte Cover (%) 0.04 0.005 + + - 0.005 | - - 0.005 -
Lichen Cover (%) . - - - - - -~ - - -
Vascular Species Cover (%) -
Shrubs :Be : .
- Salix glauca + 0.04 0.01 - - - - - - -
Potentilla fruticosa + - - - + + 0.01 - - -
Graminoids N
Festuca rubra 14.0 1.8 0.1 - 0.01 ~ - - 0.1 0.009
Hordeum jubatum + - + 0.002 - 0.01 + 0.04 - - -
Agropyron latiglume 0.01 0.04 0.02 1.4 1.2 2.4 + 0.6 1.1 0.002
Agropyron trachycaulum 0.2 05 3.2' 03 0.2 0.6 007 - 03 03" 0.003
Poa interior 0.01 + + T+ 0.01 0.02 + 0.01 - +
Poa alpina 0.02 + 0.03 - 0.008 0.002 - 0.03 0.005 =
Festuca saximontana - 0.002 0.00Z | o0.001 0.009 0.01 + 0.07 0.03 -
Poa pratensis - = + 14 0.04 0.6 0.02 06 . - -
Agropyron repens- - - - 0.2 0.08 0.4 - - 0.002 -
Trisetum spicatum - - + ~ 0.02 - - - 0.009 -
Forbs
.Galeopsis, tetrah:t 0.005 0.003 + - - - - - - -
Rumex mexicanus + + - 0.005 - - - - - -
Ranunculus acns + - + - - 0.01 - - - -
Epilobium angustlfohum 0.006 0.07 03 - - - - - - -
Draba aurea 0.01 - - - ~ + - + - -
Astragalus alpinus 0.006 - - - + - 0.04 = - 0.001. -
Astragalus vexilliflexus - +. - 0.04 003 001 o . - o
Senecio canus - - - 0.02 0.01 0.002 - - - -
Oxytropis splendens - - - + 0.004 0.03 - - - -

- Fragaria virginiana - - - 0.09 + - - 01 - - + -
Oxytropis deflexa_ - - - . 4+ . 006 002 - - - 0.08 -
Trifolium pratense + + + 0.01 0.07 0.7 0.006 + 0.1 —
Aster sibiricus + 0.04 + 4 0.03. 02 . 0.005 - + 0.01 -

. Phacelia sericea 0.09 + - + 0.003 007 - 0 008 _ _



TUO GL LTD IVIVUITIIARIFE T SITA TAATR IR e e ™

ampled. Species present in < 15% of all stands are hsted at n;e bottom as rare spemes

/

ubra — Epllobl_um

\
Agropyron latiglume

-

Agropyron spp. — Artemisia borealis

lium Agropyron repens .
11 9 13 4 3 5 2 15 12 8. 14 e 4. 7 1
374 402 339’ 386 374 152 456 405 335 507 = 85 227 * 178 374
30 45 20 15 40 0 28, 15 0 o. .0 0. 0 0.
© 33 33 0 0 0 31 0 0 0 33 37 10 33 0
NNE NNE |  Fiat Flat Flat wSsw Flat Fiat Flat WNW{  ENE w WNW Flat
o«
77 60 49 54 57 45 53 60 43 25 46 48 45 40
36 34 36° 40 49 33 43 . 33 15, 27 22 34 37 - 30
85 83 78 . 64 84 79 77 84 66 o7 97 78 82 83
86 89 .77 69 84 77 83 90 86 85 88 81 77 88
4.00 3.38 2.58 431  4.26 2.30 3.89 2.75 2.05 150 1.4 2.43 3.42 2.50
7.4 7.2 7.0 56 69 72 6.4 7.4 72 17 7.8 6.8 65 .62
F4 7.1 58 46 68 7 | 6.1 5.0 7.4 6.2 7.7 7.9 7.4 5.6 4.7
/a6 36 75 456 a8~ | a1 36 45 45 27 34 37 3.4 2.5
7 25 25 30 25 11.0 35 8.0, 4.0 0.5 1.5 1.0 3.5 5.5 3.0
18 22 28 28 29 s .20 198 7 .8 5 1 13 14, .
27 4.0 5.7 26" 6.4 0.25 2.0 2.0 0.02 0.04 & 011 . 007 1.2 0.05 -
0.005 + + - 0.005 - - 0005, - - - = - -
!
. 0.04 0.01 - - - - - - = - - - - -
- - - + + 0.01 - - - - - . - -
1.8 0.1 - 0.01 - - - 01 °  0.009 - - - - -
- + 0.002 - 0.01 + 0.04 - -+ - - 0.002 -
0.04 0.02 1.4 1.2¢¢ 24 + 0.6 1.1 0002 002 . + 004 0.2 0.008
05 3.2 0.3 0.2 0.5 0.07 0.3 0.3 0003 0008 005 001 03 0008
+ + + 0.01 0.02 + 0.01 -+ - - < = 0002 +
+i 003 - 0008 0002 - 0.03 0.005 -« - .- - + 0.002 +
0002 0007 | 0001 0009 001 + 0.07 003 - '+ 0001 0002 0007 0004
- + 1.4 0.04 0.6 0.02 06 - - - - - - 0.004
- - 0.2 0.08 0.4 - = 0.002 - - 0.0 - - -
- + - 0.02, - - - 0.009 - - - - - 0.002
0.003 + - - - - - - - - - - - -
+ - '0.005 - - - - - - - - - - -
- + - - 0.01 - - - - - = - - -
0.07 03 - + - - - - 0= 0.007 - - - -
_ _ _ - i e _ + - _ — - - _ _
- - - + 0.04 - - 0.001 - - - - - -
+ - 0.04 0.03 0.01 - - - - - - - - -
- - 1 002 001 0.002 - - - - - - - - -
- - + 0004  0.03 - - - - - - - - -
- - 0.09 + 0.1 - - + - - - - - -
- .- + 0.06 0.02 - - 0.08 - - - - - -
+ + 0.0t . 007 07 0.006 + 0.1 - - - - - -
0.04 4+ + 0.03 0.2 0.005 + . 0.01 - - - - - =
+ - o+ 0003 007 - 0006 - - - - - 0.07 -
+ +° 1 03 0.3 0.1 0.003 + 01 0001 - - + - -




Laed AR RS ) 15
Sand Content (%) . ’ . .
- Scm . . . 77 - 85 83 ) 78 64 84 79 77 84 - 66
13- 18cm 59 86 89 77 69 84 77 83 - . 90 86
Available Water Holding Capacity ~ ‘ ' -
(%),0 -~ 5cm ’ . 3.26 4.00 3.38 2.58 4.31 4.26 2.30 3.89 275 . 2058
pH : |
0- 5cm 7.3 7.4 7.2 7.0 5.6 - 6.9 72 - 6.4 7.4 7.2
13- 18cm : 6.6 7.4 71 5.8 4.6 6.8 6.1 - 5.0 7.4 6.2’
Total Exchange Capacity : ' . »
(m.e. 1009~ ' whole soil), 0~ 18 cm 80 48 3.6 7.5 46 a8 . | a1 . 386. 45 45
Available P (ppm), 0 — 18 ém 35 25 25 30 25 11.0 | 35 6.0 40 0.5
No. Vasciilar Species . 28 18 22 28 - .28 29 15 . 20 19 7
Total Plant Cover (%) 144 2.7 4.0 5.7 2.6 6.4 0.25 2.0 2.0 0.02
Bryophyte Cover (%) 0.04 +0.005 + + - 0.005 - - "~ 0.005 -
Lichen Cover (%) . . - - - - T - - - - -
3 .'
Vascular Species‘Cover (%)
Shrubs
Salix glauca ) + 004 - 001 - - - - - . -
Potentilta fruticosa + - - - + + 0.01 - - -
Graminoids : ' , A ' ,
Festuca rubra 14.0 1.8 0.1 - . 0.01 - - - 0.1 0.009
Hordeum jubatum - + - N 0.002 - 0.01 "+ 0.04 - -
Agropyron latiglume : 0.01 0.04 0.02 4 1.2 2.4 + 06 . 1.1 0.002
Agropyron trachycaulum 0.2 0.5 3.2 03 02 " 0.5 0.07 0.3 0.3 0.003
"Poa interior . : 0.01 o+ + 0.01 0.02 - + 001 - +
Poa alpina ' |- 002 + 003 | - 0.008  0.002. - 0.03 0.005 . -
Festuca saximontana ' - . 0.002 0.007 | 0.001 0.009 0.0t : + 0.07 0.03 -
Poa pratensis ; - - + 1.4 0.04 0.6 0.02 0.6 - -
Agropyron repens . - . - - - 0.2 008 - 04 - - 0.002 -
Trisetum spicatum . - - + C = 002 - - - 0.009 -
Forbs - o _ .
Galeopsis tetrahit 0.005  0.003 + - - - - - - -
Rumex mexicanus + + -~ - 0.005 - = - - = -
Ranunculus acris ot - + - o 0.01 - - - -
Epilobium angustifolium 0.006 0.07 0.3 - - - - - - -
Draba aurea ; 0.01 - - - - o+ - + - -
Astragalus alpinus : 0.006 - - - + 0.04 - - 0.001 -

, Astragalus vexilliflexus - + - 0.04 0.03 0.01 - - - o=
Senecio canus : - = - 002 o001 0.002 - - = -
Oxytropis splendens ' - - - + . 0004 0.03° - - - -
Fragaria virginiana : - - 0.09 + 0.1 - ~ ¥ —
Oxytropig defiexa / - - + 006 002 - - . 008 -
Trifolium pratense . + + 0.01 0.07 0.7 0.006 + 0.1 -
Aster sibiricys ’ 0.04 + + 0.03 0.2 0.005 + 0.01 -
Phacelia sericea + - +. . 0003 007 - 0006 / - -
Potentilla bipinnatifid + + 43 0.3 0.1 0.003 + /01 0.001
Solidago multiradiata ~ 4+ 0.03 0008 -+ 0.002  0.001/ - C -
Achillea millefolium 008 . 008 0.3 0.07 0.1 0.02 0.1 / 0.003 - -
Potentilla norvegica + " 0.003 05 - 01 03 0.03 0.2// . 0.008 0.002
Taraxacum officinal _ + 0.2 08 0.03 003 | .0.08 - 0,08 o+ . 0.005
Artemisia borealis - : - - . - - - - - - J = 0.1 ~

1 Stands for which preliminary estimates of total plant cover were Hess than 1% were inventoried, i.e. quadrats were not used.

Rare species. Shrubs : Stand 4 Rubus strigosus. Graminoids : Stand 9 Poa compressa, Poa palustris; Stand 13 Phleum alpinum ; Stand 5 Bromu:s
Stand 7 Bromus inermis, Carex festivella; Stand 1 Carexfoenes, Poa secunda Forbs : Stand 10 Agoseris glauca, Descurainia richardsonii, Erige
ramosissimum, Mertensia paniculata, Senecio lugens i Stand 13 Collomia linearis, Lepidium ramosissimum, Plantago major, Rumex ailpestris, Thiaspi
Rumex alpestris, Vicia cracca ; Stand 3 Agoseris glauca; Arnica chamissonis, Trifolium repens ; Stand 2 Androsace septentriénglis, -Arabis lyrata ; Sta
. calycina ; Stand 1 Thiaspi arvense. ' : ' : : ' ‘
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coverwere less than 1% were inventoried, i.e. quadrats were not used.

Graminoids : Stand @ Poa compressa, Poa palustris; Stand 13 Phleum alpin

 Carexfoenea, Poasecunda Forbs: Stand 10 Agoseris glauca, Descurainia ri
na ; Stand 13 Collomia linearis, Lepidium ramosissimum, Plantago major, Rumex alpestris, Thiasy

\

. ‘ [ X ' ' .
; Stand 5 Bromus pumpeillianus; Stand 2 Carex aenea, Poa palustris ;

ardsonii, Erigeron trifidus, Hedysarum alpinum, Lepidium

arvense ; Stand 4 Erigeron trifidus,
auca, Arnica chamissonis Tnfolium ropens Stand 2 Androsace septentrionalis, Arabis lyrata ; Stan 15 Botrychium lunaria, Smelowskia




Table 12. Selected site and community attributes of stands at the Mountain Park West Mine. Cover values are percentages with dash (—) indicating absence,'and cross (+) in
in the stand but not sampted. Species presentin < 15% of all stands are listed at the bottom as rare species.

.

Equisetum arvense

Agoseris glauca

Community Type Potentilla fruiticoss Crepis nans ‘A"gropyron latiglume - Crepis elegans .-
Stand No. . 16 17 28 32 21 18 23 34 30 a3 20 22 3
Stand Size (m?) 275 263 234 266 234 | . 209 373 248 461 166 157 319 4s
No. Quadrats’ 15 18 15 18 16 0 o 19 Q ‘30 0 0
Slope () 0 30 o 0 0 30 33 34 32 27 0 35 3
- Aspect Flat NNE Flat . Flat Flat N ESE NNW ENE S Flat ENE A
Fine Earth Content (% < 2 mm) -
0~ Scm ' 48 67 85 . 62 48 39 58 44 72 a7 46 66 k
25 = 30 cm 68 56 59 41 28 13 s 48 37 51 26 62 :
Sand Content (%) - . . o .
0- Scm . 62 - 82 62 54 60 64 66 72 78 ‘80 55 80 7
13- 18cm 53 47 73 53 58 | 69 79 14 8s .70 62 79 7
Available Water Holding Capacity ' } ‘ . : .
(%), 0-5cm 4.42 520 | 422 '5.72 2.46 1.33 254 380 299 319 | 3.4 2.50 21
pH o ~ , ) ’ ' '
"0~ 5cm 70 7.0 7.8 75 8.0 7.8 83 . 88 7.0 7.3 82 8.4 6.5
13-18cm 6.8 67- |78 74 7.7 7.7 8.3 71 7.4 7.2 74 8.5 6.6
Total Exchange Capacity . i . R
(m.e. 100 g~ ' whole soil), 0~18 cm 105 113 48 8.4 48 | 3.0 4.4 7.5 5.6 6.8° 3.2 - 6.4 6.9
. Available P {ppm), O -hscem 2.5 2.0 0.5 0.5 1.0 3.0 0.0 1.0 0.5 0.5 0.5 0.5 0.5
No. Vascular Species 51 47 30 26 28 24, 17 24 19 13 10 17
Total Plant Cover (%) 104 5.9 54 24 11 '0.14 0.05 1.8 032 034 0.09 0.06 0.1
Bryophyte Cover (%) . .- 0.2 0.8 - - 0.09 - - - - - - - -
Lichen Cbver (%) . 0.03 0.1 - 1= - -~ - - - - - - -
Vascular Species Cover (%)
Shrubs ; .
Salix glauca 0.06 - - - - - - + - - - - 0.
Graminoids - .
Elymus innovatus 0.03 0.02 0.002 - - - - - - - ~ - -
Phieum alpinum 0003 = 0003 | - . - - + - - - - -
_Festuca saximontana 004 0.1 0.05 0.002 ' 0.02 0.01 0008 = 0003  + - 0.002  0.001 -
Poa secunda 0.2 0.07 0.03 009 . 0.005 + + 0.004 + - 0.005 - 4
Festuca baffinensis 0.02 003 | 0002 0008 0005 | 001 - o.1. - + - 0.002 +
Deschampsia caespitosa vo7 03 07 - 003 | 003 002 - 0002 - - . ooy -
Trisetum’ spicatum 0.04 0.03" + 0007 005 0.05 0.003 0002 - = 0.006 + +
Poa alpina 0.1 .0.08 . | 0004 0005 002 0.02 0003 002 0003 - - 0002 00
gropyron latiglume 20 0.5 1.0 1.1 0.4 002 0.009 08 0008 .03 0004 0003 00
oa interior 03 0.1 0.1 0.1 02 - + 002 0003 °0002| ' + - . 00
Agropyron trachycaulum 0.1 0.2 NE - 0.005 - - 01 0.02 0.01 - 0004 00
Forbs . : ' o
Arenaria.rubella 0002 000t | 0.003 - - ~ - - -~ - - -
Gentianella amarella 0.04 0.008 0.002 + - - - — - - - - -
Trifolium pratense + - 0.03 0.001 - - - - - - - - -
Solidago decumbens 0.09 0.003' + - 0.02 - - - - - - - -
Botrychium lunaria . 0.002 0002 | 0002 + + - - - - - - - -
Draba aurea 0.009 § - + + - . - - - - - -
Erigeron trifidus 0.1 - + 0.008 - - - - - - - - e
Astragalius alpinus 0.9 0.02 0.07 + + 0.007 0.002 - - - - - -
Agoseris glauca 0.7 009 | 04 0.4 0.003 - - 0001 - - - - -
Stellaria longipes - + - - S + + - - - -
Mertensia paniculata 0.01 0.008 | 0.003" - - 0.001 - 0.004 - - - -
Carastium beeringianum 0001 003 | - + - - - 001 - - - - 0.0
Aster sibiricus 0.02 003 [ 0.004 - - + - + - + - - :
Taraxacum officinale - 03 0.07 03 - 004 - + 0.008 + + + - ' -
Epilobium angustifoliuin 0.05 0.06 - ,0004 0002 | - - 0.002 - - - - -
Solidago muttiradiata ‘008 ' 005 |01  TDO4 + + - - + - - - -
Astragalus vexillifiexus- - - - + + - - + 0.002 - c - -
Fragaravirginiana | 0004 005 | - - -~ .- | 0po2 , + Co= - - +
Oxytropis deflexa 1.7 08 07 002, 004 0.002 - W T 70002 - - = "
. Achillea millefolium 0.0 008 | 08 0.02 0.1 . 0004 0001 0008 002  0.001 - + ;
. Hedysarum alpinum 0.7 1.0 03 0004 .= 0.1 - - - . 0.004 - '0.03 0.001 00
Draba oligosperma : - - - - " 0.02 + ' = o - - + - -
M‘M‘ﬁuﬂ - = - 00068 . - - =01 o+ o+ - e -
Artemisia borealis +7 006 - - 08 0.02 + 0.002 03 0.2 0.05 | 002 0.002 - 0(
U miania alerdne _ - - - - + + - - 0.002 \ 0.007 - - 0.0



at tﬁ'e Mountain Park West Mine. Cover values are percentages with dash (—) indicating absenc

¢ 15% of all stands are listed at the bottom as rare species.

e, and cronx(ﬂ indicating < 0.001% cover, and/or that the species was present

A LY
¥
Arooum glaucs
Crepis nana Agropyron latiglume — Crepis elegans Crepis nans — Erlogonum sndrosaceum
26 32 21 18 23 34 30 33 20 22 3 19 ' 27 28 25 29 24
1

234 266 234 209 7373 ' 248 - 461 [ 168 157 319" - 456 278 316 130 228 a1 233

15 18 16 o .0 19 0 30 0 o 0 0 0 0 0 0 0
S0 0 0 3a ‘33 34 32 27 0 35 37 31 0 ¥33 38 35 0.
Flat =~ Flat Flat. N ESE NNW ENE’ S Flat ENE N NNW | Flat WSW  NNW N Flat

r a

. . A '\.

65 62 48 39 58 44 72 47 46 66 38 56 @55 59 40 39 56

59 41 28 13 3s 48 a7 51 26 62 20 42 '90 40 k1] 35 60

5 . 5\

62 54 60 84 66 72 78 80 55" 80 78 3 [ okr 73 75 88 68
“, 13 53 58 69 79 67 85 70 62, 79 76 75 . 79 80 79 83 72
422 572 248 1.33 2.54 360 2.99 318 3.14 250 218 201 3.01:3 2.31 1.76 1.54 3.00
7.8 7.5 8.0 7.8 83 68 7.0 73 8.2 8.4 6.5 7.7 81 8.0 83 80 g4 -
79 7.4 17 |17 83 7t T4 7.2 74 85 . 66 7.0 8.1 1.8 8.2 79 85
4.8 8.4 a8 | 30 4.4 75 56 . 68 32 8.4 6.9 5.9 43 4.4 26 . 45 6.8
0.5 0.5 1.0 30 00 10 0.5 05 | 05 0.5 05 1.5 00 05 0.5 05 0.0

30 26 28 24 17 24 19 13 10 17 20 10 9 8. X 10 4
5.4 2.4 1.1 0.14 005 18 0.32 0.34. | - 009 0.06 0.19 0.03 0.06 0.11 0.03 0.06 0.08

- - 0.08 - - - - = - - - - - - - - -

Al
- - - - - o+ - - - - 0.05 - - - - o+ -
0 K '

0.002 - id - - - - - - - - - - - - =t -

~ - - _ + - - - - - - - - - - » -
0.05 0002 002 0.01 0008 = 0003 + - 0.002 0001 = - - - - -
0.03 0.09 0.005 + + 0.004 + - 0.005 - a4 + - - - - -
0002 0008 0005 | 001 ~ - 0.1 - + - 0.002 + = - + _ - -
0.7 - 0.03 0.03 0.02 - 0002 - - - 003 - - - - 0.003 - -

+ 0007 005 0.05 0003 0002 - - 0.008 +. + + o+ - - - -
0004 0005 002 0.02 0003 002  0.003 - - 0002 0.003 = 0002 = . +. - - -
1.0 1.1 04 002 ; 0009 08 3008 03 | 0004 0003 001 0001 0004 0003 . - - -
0.1 0.1 02 = + 002 0003 0002 ~ + - - 0001 + - 0.001 - + -
0.7 - 0.005 - - 0.1 0.02 0.01 - 0.004 0002 ~ 0002 005 0.0 + -

* j

0.003 - - - - - - - - - - - - - - - -
0.002 + - - - - - - - - - - - - - - -
0.03 0.001 - - - - - - - - - - - - - - -

+ - 0.02 - - = - - - - - - - - - - -
0002 + + - - - - - - - - - - - - - -

+ 0.008 - - - - - - - - - - - - ‘- - -~
0.07 + + 0007 0002 - . - - - - - - - - - - -
0.4 0.4 0.003 - - 0.001 - - - - 7 ‘13 - - - - - - -

- - - + + - - _ - - s~ - _ - — - _
0.003 - - 0.001 - 0.004 + - - - - - - - - - -

- + - - - 00t = - - - - 0.02 - - - - - -
0.004 - ~ + - + - 4 - - = - - - - - -
0.3 0.04 - + - .0008 + + + - - - - - - - - -

- 0004 0002 - - 0.002 - — - - - - - - - + -
0.1 0.04 + + - - + - - - - - - - - + -
= o+ + - - + 0.002 - - - ~ - - - - - -

- .- - 0.002 + - = - - + + 0,005 - - - —{ -
0.7 002 004 | 0002 - + 0.002 - - - + - 0.01 - - - =
o8. 002 01, 0004 0001 . 0008 002 0.001 - + + - + + - ’ -
0.3 0004- OF |7 It - =T o004 = 0.03 0001 -.0.002.. 0008 - = 0.05 - - -

- - 0.02 + - - - - + - - - - - - - -

- 0006 - - X + o+ - - - - (- - - - -

- 08 0.02 + 0.002 = 03 02 0.05 002 0002 00068 0004 002 - + 0003 0007

- - - . + - 0002  0.007 - - . 0007 - - - - - -

- - - - - - S = = 0001 - -0.004 - - =. . 004 . =
~AOY - 0007 + + . 002 0.03 + .| o002 00086 008 . 0004 001 0008 002 005

.

+




Fine Earth Content (% < 2 mm)
0—- 5cm
25-30cm
Sand Content (%)
0—- Scm
13 - 18 cm
Avmlable Water Holding Capacity
(%). 0-5cm
pH
0- 5¢m
13-18c¢cm
Total Exchange Capacity
(m.e. 100 g ' wholé soil). 0-18 c¢m
Available R {(ppm), 0 - 18 cm

No. Vascular Species

Total Plant Cover (%)
Bryophyte Cover (%)
Lichen Cover (%)

" vascular Species Cover (%)
Shrubs - .
Salix glauca »
Graminoids
~ Elymus innovatus
‘Phleumy hmum
Festuca saximontana
Poa secunda .
Festuca baffinensis
Deschampsia caespitosa
Trisetum spicatum =
Poa alpina
Agropyron latigiume
Poa interior
Agropyron trachycaulum
Forbs :
Arenaria rubetla
Gentianella amareila
* Trifolium pratense
Sofidago decumbens
Botrychium lunaria
Draba aurea )
Erigéron trifidus - -
" Astragalus alpinus

‘., Agoseris glauca

Steilaria longipes
Mertensia paniculata
Cerastium beeringianum
. Aster sibiricus
Taraxacumfomcmale
Epvloblum angustifolium
Solidago muitiradiata
Astragalus vexilliflexus
Fragaria virginiana
Oxytropis deflexa
Achillea miliefolium
Hedysarum alpinum’

' . Draba oligosperma

. Asfragalus tbongmum
"Artemisia borealis -
Crepis slegans
Equisetum arvense
Crepis nana
Epilobium Iamohum .
Eriogonum androsaceum

48
88

52
53

4.42

7.0
6.8

105
2.5

51
104
0.2
0.03

0.06

0.03
0.003
0.04
0.2

.0.02

0.07:
0.04
o1

2.0

0.3
0.1

0.002

0.04 ¢,

.0.09
0.002
0.009

S0

0.9
0.7

0.0t

0.001
0.02
0.3
0.05

0.08

0.004
1.7
0.01

87
56

62
47

5.20

7.0
87

1.3
20

47
59
0.8
0.1

0.02
.0.003

. 0.07

]

0.03
03

05,
0.1
0.2

0.001
0.008

0.003
0.002

'0.02

0.09

0.008
0.03
0.03
0.07
0.06 -
0.05

0.05
08 .
0.06
10

0.05

0.03
.0.08

85
59

62
73

- 4.22

7.8
7.9
48
08

30
64

0.0b2

0.05
0.03
0.002
0.7

0.004
1.0
0.1
0.7

0.003

.0.002

0.03

''0.002

0.07

04

~ 0.003

0.004

62
‘41

53
572

75

7.4

84

‘0.5

26
2.4

0.002

. 0.09

0.008

0.007
0.005
1.1
0.1

0.008

0.04

0.02
0.02
0.004

a6

28

58
2.48

80
17

48 |

1.0

28
1.1
0.09

0.02
0.005
0.005
0.03
0.05
0.02
04
0.2
0.005

39
13

69

1.33

78
7.7

3.0
3.0 .

24
0.14

0.01

0.01
0.03
0.05
0.02
0.02

[=]

o €
P+ 1+ + 18+ 1 80

0.002 "

0.002

0.004 -

U+l o+ 4+ 1+

58

35 °

66 °

79

2.54

8.3

83

44

0.0

17
0.05

L+ + 1+ 8

N

44 72
48 37
72 78
o7 85

"360° 2.99
8.8 7.0
71 7.4
75 586
10 -05
24 19
16 . 032
+ -
0003  +
0.004. +
ot - . -
- . 0.002
0002 * -
002 . 0.003
o8 0.008
0.02 0.003
01 '0.02
_ -
0.001 -
0.004 . +
001" =
+ —v
+ +
0.002 -
- +
+.% 0002
+ . .0.002
0006  0.02
- 0.004
0.1 +

- 03 02

- 0.002
0.02 0.03

- 0.009 -

47 /p/\e

~ @

319

7.3

72

6.8
0.5

13

0.34

03

0.002

0.01

!

b+ +

i

26

55
62

3.14

‘8.2
7.1

3.2

0.5

66
62

80
79

2.50
84

6.4
0.5

17
0.06

0.001
\—

0.002

0.03

-+ 0.002

0.003

0.004

0.006

~ 0.001

85

218

6.5
6.6

6.9
05

0.05

[ s |

+

0.00¢
0.0

" 0.00"

0.00:

0.08

.

: Stands for which preliminary estimates of total plant cover were less than 1% v)ere inventorjed, e Quldrm were not used. -

Rare Species. Jrees : Sland 17 Picesa glauca/engelimanii, Populus balsamifera ; Sund 18 Picea glauca/engsimanii. Shrubs : sund 18 Potontilla fruﬁcou Stand 17 Pote
Dryas Integrifolia. Gnminold: Stand 16 Agrosiis ooabn.Carox media,Carex obtusata ; Stand 18 Poa palustris ; Stand 33 Poa glauca ; Stand 22 Bromus pumpellianus ; Star
Forbs : Stand 16 Androsace septentrionalis, Antennaria nmda.Gontlnnn prostrata, Oxytropis splendens, Polygonum viviparum, Potentilla bipbnéntlﬂda. Potentilla gracilis, Rub

T monantha, Tritolin Rybridum, Trifollum.repens ; Stand 17 Andit

y sephantrionalia, Antenniria Toses, Arnica cordifolia, Artemisia norvegica, Oxytropis spiéndens, F

cdm-gdll, Rumex acetosella, Rumx aipestris, 8enecio lugens ; Stand 26 Astragaius striatus, Carum carvii, Castilleja miniata, Rhinanthus crists-galli ; Stand 32 Smelowski
striatus, Potentilla diversifolia, Senecio canus, Senecio indecorus ; Stand 18 Phacelia uﬂcu. Polygonum vMp-mm Stand 34 Astragalus eucosmus, Oxytropla c.mp.;m., Pl

PEFERN

Sund 22 Antmria roou SWM sericea.
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~over were less than 1% were inventoried, i.e. quadrats were not used.

anii, Populua balsamifera ; Stand 18 Picea glauca/engeimanii. Shrubs : Sund 18 Potontma fruticosa ; Stand 17 Potentaua fruticosa, Arctoetnphytoa uva-ursi,
Abra,Carex medj, Carax obtusata ; Stand 18 Poa palustris ; Stand 33 Poa glauca ; Stand 22 Bromus pumpellianus ; Stand 31 Poa arctica.
ia nitida,Gentlana prostrata, Oxytropis splendens, Polygonum viviparum, Potentilla bipinnatifida, Potentilla gracilis, Rubus acaulis, Rumex alpestris, Smelowskia c.tycina, Stellam
and 17 Androsace septentrionalis, Antennaria roses, Armjca cordifolia, Ariemisia norvegica, Oxytropis splendens, Parnassia montariensis, Potentilla diversifolia, Rhinarthus
lo lugens ; Stand 26 Astragaius striatus, Carum carvil, Castitieja miniata, Rhinanthus crista-galli ; Stand 32 Smelowskia calycina, Taraxccum ceratophorum ; Stand 21 Astragalus

oa.

) Indooorus Stand 18 Ph.cdln serices, Potygonum viviparum; Stand 34 Astragalus eucosmus, Oxytropia campestris, Phaoolll sericea ; Stand 33 Tamxacum ceratophorum ; stnnd









